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Background and Aims. The etiological factors involved in the etiology of autism remain elusive and controversial, but both genetic
and environmental factors have beenimplicated. The aim of this study was to assess the levels and possible environmental risk factors
and sources of exposure to mercury, lead, and aluminum in children with autism spectrum disorder (ASD) as compared to their
matched controls. Methods. One hundred ASD children were studied in comparison to 100 controls. All participants were subjected
to clinical evaluation and measurement of mercury, lead, and aluminum through hair analysis which reflects past exposure. Results.
The mean Levels of mercury, lead, and aluminum in hair of the autistic patients were significantly higher than controls. Mercury,
lead, and aluminum levels were positively correlated with maternal fish consumptions, living nearby gasoline stations, and the usage
of aluminum pans, respectively. Conclusion. Levels of mercury, lead, and aluminum in the hair of autistic children are higher than
controls. Environmental exposure to these toxic heavy metals, at key times in development, may play a causal role in autism.

In this paper, autistic case children show significantly
higher levels of hair mercury as compared to non-autistic

control children. In general, autistic children accumulated
metals at a much higher level that control children who did
not have a diagnosis of autism.
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ABSTRACT

Large autism epidemics have recently been reported in the
United States and the United Kingdom. Emerging epidemiologic
evidence and biologic plausibility suggest an association between
autistic spectrum disorders and mercury exposure.

This study compares mercury excretion after a three-day
treatment with an oral chelating agent, meso-2,3-
dimercaptosuccinic acid (DMSA), in children with autistic spectrum
disorders and a matched control population. Overall, urinary
mercury concentrations were significantly higher in 221 children
with autistic spectrum disorders than in 18 normal controls
(Relative Increase (RI)=3.15; P < 0.0002). Additionally, vaccinated
cases showed a significantly higher urinary mercury concentration
than did vaccinated controls (R1=5.94; P < 0.005). Similar urinary
mercury concentrations were observed among matched vacci-
nated and unvaccinated controls, and no association was found
between urinary cadmium or lead concentrations and autistic
spectrumdisorders.

The observed urinary concentrations of mercury could
plausibly have resulted from thimerosal in childhood vaccines,
although other environmental sources and thimerosal in Rh,(D)
immune globulin administered to mothers may be contributory.

Regardless of the mechanism by which children with autistic
spectrumdisorders have high urinary mercury concentrations, the
DMSA treatment described in this study might be useful to diag-
nosetheir present burden of mercury.

KEY WORDS: autism, autistic spectrum disorders, chelation,
DMSA, mercury, thimerosal

Background

Recent studies have analyzed the prevalence of autism from the
mid-1980s through 2002 in the United States and the United
Kingdom." The prevalence of autism is estimated to have risen
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link between exposure to mercury from thimerosal contained in
childhood vaccines and neurodevelopment disorders.”

The purpose of this study was to evaluate the concentration of
mercury in the urine following a three-day treatment with an oral
chelating agent, meso-2,3-dimercaptosuccinic acid (DMSA), in
children with autistic spectrum disorders in comparison to a
control population. Forman et al." have reported on the use of oral
trcatment with DMSA in children exposed to metallic mercury.
The authors found that oral chelation with DMSA produced a
significant mercury diuresis in these children. They observed no
adverse side effects of treatment. The authors concluded that
DMSA appears to be an effective and safe chelating agent for
treatment of pediatric overexposure to metallic mercury. In
addition, extensive literature supportsits safety in the chelation of
lead from exposed children.

Methods

This study is a retrospective analysis of 221 consecutive
children with previously established autism spectrum disorders
referred and admitted to the International Child Development
Resouwrce Center (ICDRC). Each child had been diagnosed with
autism (DSM-IV 299.00) or pervasive developmental disorder
(DSM-1V 299.80) by outside physicians. A control population of 18
children was also identified without autism spectrum disorders in
themselves or among their siblings or their first-degree family
members. These healthy children presented to the ICDRC for
elective determination of their levels of environmental mercury
exposure at the request of their families, and are included here for
case comparison. The Arizona State University Institutional
Review Board approved our retrospective examination of cases and
controls in this study.

All children were examined to exclude those who had dental
amalgams. Among the 221 cases, all had received their full
scheduled childhood immunizations appropriate for their respec-
tive ages. Among the 18 controls, 10 children had received their full
childhood immunization schedules, and 8 children had received no
childhood immunizations because of religious objections.

Informed consent was obtained from both cases and controls for
DMSA chelation weatment. Controls and cases were both chal-
lenged with a three-day oral treatment of DMSA (10 mg/kg per
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Overall mercury burden, determined by urinary mercury
concentrations following a chelation challenge, was significantly higher
in children with autism as compared to matched non-autistic control

children. The mercury burden in vaccinated autistic children was 590%
greater than in vaccinated non-autistic controls. This difference was
statistically significant.
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Abstract Tachykinins (substance P, neurokinin A, and
neurokinin B) are pro-inflammatory neuropeptides that may
play an important role in some autoimmune
neuroinflammatory diseases, including autism spectrum dis-
order (ASD). Mercury (Hg) is a neurotoxicant, and potentially
one of the main environmental triggers for ASD as it induces
neuroinflammation with a subsequent release of neuropep-
tides. This is the first study to explore the potentially causal
relationship between levels of serum neurokinin A and blood
mercury (BHg) in children with ASD. Levels of serum
neurokinin A and BHg were measured in 84 children with
ASD, aged between 3 and 10 years, and 84 healthy-matched
children. There was a positive linearrelationship between the
Childhood Autism Rating Scale (CARS) and both serum
neurokinin A and BHg. ASD children had significantly higher
levels of serum neurokinin A than healthy controls
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(P<0.001). Increased levels of serum neurokinin A and
BHg were respectively found in 54.8 % and 42.9 % of the
two groups. There was significant and positive linear relation-
ship between levels of serum neurokinin A and BHg in chil-
dren with moderate and severe ASD, but not in healthy control
children. It was found that 78.3 % of the ASD patients with
increased serum levels of neurokinin A had elevated BHg
levels (£ <0.001). Neuroinflammation, with increased levels
of neurekinin A, is seen in some children with ASD, and may
be caused by elevated BHg levels. Further research is recom-
mended to determine the pathogenicrole of increased levels of
serum neurokinin A and BHg in ASD. The therapeutic role of
tachykinin receptor antagonists, a potential new class of anti-
inflammatory medications, and Hg chelators, should also be
studied in ASD.

Keywords Autism - Neurokinin A - Neuroinflammation -
Mercury
Introduction

Neurogenic inflammation is a neurally mediated immune in-
flammation that is orchestrated by a large number of neuro-

Blood mercury levels and tachykinins (neuropeptides that

cause inflammation) were correlated in children with ASD and
statistically significantly higher than neurotypical control

children. It has been shown that mercury exposure can elicit
tachykinin formation which has been implicated in
neuroinflammatory disorders including autism.
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In young children with autism spectrum disorder, measured
levels of hair mercury correlated significantly with ASD
severity, such that more severely affected children had the

highest levels of hair mercury. Other hair metals measured
including arsenic, antimony, cadmium and lead, among
others, were not significantly correlated with ASD severity.

Abstract: Previous studies have found a higher body-burden of toxic metals, particularly
mercury (Hg), among subjects diagnosed with an autism spectrum disorder (ASD) in
comparison to neurotypical controls. Moreover, Hg body-burden was associated with ASD
severity. This cross-sectional study examined the potential correlation between hair toxic
metal concentrations and ASD severity in a prospective cohort of participants diagnosed
with moderate to severe ASD. The Institutional Review Board at the University of Texas
Southwestern Medical Center at Dallas (Dallas, TX) approved the present study.
Qualifying study participants (n = 18) were evaluated for ASD severity using the
Childhood Autism Rating Scale (CARS) and quantitatively for arsenic, Hg, cadmium, lead,
chromium, cobalt, nickel, aluminum, tin, uranium, and manganese using hair toxic element
testing by Doctor’s Data (a CLIA-approved laboratory). CARS scoring and hair toxic
element testing were blinded to one another. Increasing hair Hg concentrations
significantly correlated with increased ASD severity. In contrast, no signiticant correlations
were observed between any other of the hair toxic metals examined and ASD severity. This
study helps to provide additional mechanistic support for Hg in the etiology of ASD
severity, and is supported by an increasing number of recent critical reviews that provide
biological plausibility for the role of Hg exposure in the pathogenesis of ASDs.
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This study investigated the relationship of children’s autism symptoms with their toxic metal body burden and red blood cell
(RBC) glutathione levels. In children ages 3-8 years, the severity of autism was assessed using four tools: ADOS, PDD-BI,
ATEC, and SAS. Toxic metal body burden was assessed by measuring urinary excretion of toxic metals, both before and after
oral dimercaptosuccinic acid (DMSA). Multiple positive corrclations were found between the severity of autism and the urinary
excretion of toxic metals. Variations in the severity of autism measurements could be explained, in part, by regression analyses of
urinary excretion of toxic metals before and after DMSA and the level of RBC glutathione (adjusted R? of 0.22-0.45, P < .005 in
all cases). This study demonstrates a significant positive association between the severity of autism and the relative body burden of
toxic metals.

Copyright ® 2009 J. B. Adams ct al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background of autism. A small study by Adams et al. [4] found that

children with autism had a 2-time higher level of mercury in
Autism is a severe developmental disorder which involves  their baby teeth than typical children. A study by Bradstreet
social withdrawal, communication deficits, and stereo- et al. [S] investigated the body burden of toxic metals by
typic/repetitive behaviour. The pathophysiological ctiologics  giving dimercaptosuccinic acid (DMSA), an oral chelation
which precipitate autism symptoms remain elusive and con-  medication approved by the FDA for treating infantile lead

This study focused on correlations between overall body
burden of toxic metals, including mercury, and the severity
of the autistic disorder. Higher body burden associated

strongly with more severe cases of autistic disorder as did
low red blood cell levels of glutathione, a molecule that
plays a critical role in excreting mercury from the body.
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This study determined the level of mercury, lead, and zinc in
baby teeth of children with autism spectrum disorder (2 = 15, age
6.1 £ 2.2 yr) and typically developing children (n = 11, age =7 +
1.7 yr). Children with autism had significantly (2.1-feld) higher
levels of mercury but similar levels of lead and similar levels of
zinc. Children with autism also had significantly higher usage of
oral antibiotics during their first 12 mo of life, and possibly higher
usage of oral antibiotics during their first 36 mo of life. Baby teeth
are a good measure of cumulative exposure to toxic metals during
fetal development and carly infancy, so this study suggests that
children with autism had a higher body burden of mercury dur-
ing fetal/infant development. Antibiotic use is known to almost
completely inhibit excretion of mercury inrats due to alteration of
gut flora. Thus, higher use of oral antiobiotics in the children with
autism may have reduced their ability to excrete mercury, and
hence may partially explain the higher level in baby teeth. Higher
usage of oral antibiotics in infancy may also partially exptin the
high incidence of chronic gastreintestinal problems in individuals
withautism.

Autism is a severe developmental disorder that involves
social withdrawal, communication deficits, and stereotypic/

including especially language/communication problems and
social withdrawal. Therefore, they suggested that autism was
primarily due to infantile exposure to mercury. Their hypothe-
sis is plausible because mercury exposure at hazardous levels
is common in the United States and other countries; the Food
and Drug Administration (FDA) estimates that | in 6 women in
the United States have mercury levels that increase the risk of
neurological damage to their children. (Mahalfey et al., 2004)
The major sources of mercury exposure for infants are (1)
maternal seafood consumption, (2) maternal mercury amalgam
dental [illings, and (3) thimerosal (an ethylmercury compound)
in childhood vaccines and in anti-RhoD immune globulins
given to Rh-negative mothers during pregnancy. Thimerosal
was largely but not totally removed from childhood vaccines
by 2004.

Mercury toxicity might occur either due to high exposure,
or due to a decreased ability to excrete mercury, with the latter
case seeming to be the primary issue in autism. The primary
mechanism for excreting mercury involves its binding to glu-
tathione and then being excreted in the bile (Ballatori & Clarkson,
1985). Infants are poor excretors because they produce less
glutathione (Ballatori & Clarkson, 1984) and because they are

Children with autism showed significantly higher levels of
mercury in their baby teeth (2.1 fold higher or more than
double) than non-autistic controls, indicating high exposures
to mercury. Baby teeth are a good measure of cumulative

exposure to toxic metals during fetal development and early
infancy. This study suggests that children with autism had a
higher body burden of mercury during gestation and early
infancy than children without autism.
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Abstract The goal of this study was to evaluate trans-
sulfuration metabolites in participants diagnosed with
autism  spectrum  disorders (ASDs). Transsulfuration
metabolites, including: plasma reduced glutathione (GSH),
plasma oxidized glutathione (GSSG), plasma cysteine,
plasma taurine, plasma sulfate, and plasma free sulfate
among participants diagnosed with ASDs (n = 38) in
comparison to age-matched neurotypical controls were
prospectively evaluated. Testing was conducted using
Vitamin Diagnostics, Inc. (CLIA-approved). Participants
diagnosed with ASDs had significantly (P < 0.001)
decreased plasma reduced GSH, plasma cysteine, plasma
taurine, plasma sulfate, and plasma free sulfate relative to
controls. By contrast, participants diagnosed with ASDs had

D. A. Geier
Institute of Chronic Nlnesses. Inc.. Silver Spring, MD, USA

D. A. Geier
CoMeD. Inc.. Silver Spring, MD, USA

J. K. Kem - C. R. Garver

significantly (P < 0.001) increased plasma GSSG relative
to controls. The present observations are compatible with
increased oxidative stress and a decreased detoxification
capacity, particularly of mercury, in patients diagnosed with
ASDs. Patients diagnosed with ASDs should be routinely
tested to evaluate transsulfuration metabolites, and potential
treatment protocols should be evaluated to potentially cor-
rect the transsulfuration abnormalities observed.

Keywords Heavy metal - Metabolic endophenotype -
Sulfation - Sulfur

Introduction

Autism spectrum disorders (ASDs) are prevalent neuro-
developmental disorders that affect an estimated 1 in 150
children in the US [1]. It has been observed that ASDs are
characterized by impairments in social relatedness and
communication, repetitive behaviors, abnormal movement
patterns, and sensory dysfunction [2]. Further, common
co-morbidity conditions often associated with ASDs

This study focuses on biomarkers associated with mercury
detoxification. Autistic patients showed metabolic profiles
consistent with increased oxidative stress (including
increased levels of oxidized glutathione) and decreased

capacity to detoxify mercury as compared to matched
controls. Such findings are consistent with prior or ongoing
mercury exposure and a reduced capacity to effectively
excrete mercury from the body effectively.
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Abstract Autism spectrum disorder (ASD) is a complex
neurodevelopmental disorder that affects social, communication,
and behavioral development. Recent evidence supported but also
questioned the hypothetical role of compounds containing mer-
cury (Hg) as contributors to the development of ASD. Specific
alterations in the urinary excretion of porphyrin-containing ring
catabolites have been associated with exposure to Hg in ASD
patients. In the present study, the level of urinary porphyrins, as
biomarkers of Hg toxicity in children with ASD, was evaluated,
and its correlation with severity of the autistic behavior firther
explored. A total of 100 children was enrolled in the present
study. They were classified into three groups: children with
ASD (40), healthy controls (40), and healthy siblings of the
ASD children (20). Children with ASD were diagnosed using
DSM-IV-TR, ADI-R, and CARS tests. Urinary porphyrins were
evaluated within the three groups using high-performance liquid
chrematography (HPLC), after plasma evaluation of mercury
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(Hg) and lead (Pb) in the same groups. Results showed that
children with ASD had significantly higher levels of Hg, Pb,
and the porphyrins pentacarboxyporphyrin, coproporphyrin,
precoproporphyrin, uroporphyrins, and hexacarboxyporphyrin
compared to healthy controls and healthy siblings of the ASD
children. However, there was no significant statistical difference
in the level of heptacarboxyporphyrin among the three groups,
while a significant positive cormrelation between the levels of
coproporphynin and precoproporphyrin and autism severity was
observed. Mothers of ASD children showed a higher percentage
of dental amalgam restorations compared to the mothers of
healthy controls suggesting that high Hg levels in children with
ASD may relate to the increased exposure to Hg from matemal
dental amalgam during pregnancy and lactation. The results
showed that the ASD children in the present study had increased
blood Hg and Pb levels compared with healthy control children
indicating that disordered porphyrin metabolism might interfere
with the pathology associated with the autistic neurologic phe-
notype. The present study indicates that coproporphyrin and
precoproporhyrin may be utilized as possible biomarkers for
heavy metal exposure and autism severity in children with ASD.

Results of this case-control study showed that children with ASD
had higher urinary levels of mercury and lead as well as porphyrins
that are characteristic of mercury toxicity as compared to non-ASD
control children. Porphyrins are complex molecules that are

processed in the body through a series of chemical reactions.
Mercury poisons the enzymes that are needed in the process,
causing a buildup in the body of excess levels of specific
porphyrins. The porphyrins for mercury toxicity also correlated

with autism severity in ASD patients.
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The purposc of this blinded study was to cvaluate potential cnvironmental
toxicity in a cohort of neurotypical children (7= 28) living in a suburban area
of north-central Texas in the United States (US) with a comparable age- and
gender-matched cohort of neurotypical children (7 = 28) living in a suburban area
of southcastern Francc using urinary porphyrin tcsting: uroporphyrin (uP),
heptacarboxyporphyrin (7cxP), hexacarboxyporphyrin (6cxP), pentacarboxypor-
phyrin (S5cxP), precoproporphyrin (prcP), and coproporphyrin (cP). Results
showed significantly clevated 6¢cxP, prcP (an atypical, mercury-specific porphy-
rin), and cP levels, and increasing trends in ScxP levels, among neurotypical
children in the USA compared to children in France. Data suggest that in US
neurotypical children, there is a significantly increased body-burden of mercury
(Hg) compared to the body-burden of Hg in the matched ncurotypical children
in France. The presence of lead contributing to the higher levels of cP also needs
to be considered. Further, other factors including genetics can not be completely
ruled out.

Kcywords: mercury; heavy metal; porphyrins; biomarkers; xcnobiotic; lcad;
toxicity

Introduction

For many years, measuring heavy metal toxicity in children involved a direct measure
of the metals in the blood, urine, hair, or fccal matter. A more recent approach is to usc
urinary porphyrins as a measure of toxic metal body-burden. Previous studies showed that
urinary porphyrins (heme precursors formed in the heme synthesis pathway) afford a
measure of xenobiotic exposure, particularly mercury (Hg) (Woods 1996; Pingree et al.
2001a; Pingree, Simmonds, and Woods 2001b). Specific patterns of porphyrins suggest
the presence of Hg exposure. Mercury toxicity was demonstrated to be associated with

In this study, urinary porphyrins as a consequence of
mercury toxicity were compared between children with
autism spectrum disorder and “neurotypical” control

children. Children with ASD consistently and statistically
significantly showed elevated patterns of urinary
porphyrins that were consistent with mercury toxicity.
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Abstract

To address a possible environmental contribution to autism, we carried out a retrospective study on urinary porphyrin levels, a biomarker of
cnvironmental toxicity, in 269 children with neurodevelopmental and related disorders referred 1o a Paris clinic (2002-2004), including 106 with
autistic disorder. Urinary porphyrin levels determined by high-performance liguid chromatography were compared between diagnostic groups
including intermal and extemnal control groups. Coproporphyrin levels were elevated in children with autistic disorder relative 1o control groups.
Clevation was maintained on normalization for age or to a control heme pathway metabolite (uroporphyrin) in the same samples. The elevation was
significant (2 < 0.001). Porphyrin levels were unchanged in Asperger's disorder, distinguishing it from autistic disorder. The atypical molecule
precoproporphyrin, a specific indicator of heavy metal toxicity, was also elevated in autistic disorder (P < 0.001) but not significantly in Asperger’s. A
subgroup with autistic disorder was treated with oral dimercaptosuccinic acid (DMSA) with a view to heavy metal removal. Following DMSA there
was a significant (£ = 0.002) drop in urinary porphyrin excretion. These data implicate environmental toxicity in childhood autistic disorder.
©2 2006 Elsevier Inc. All rights reserved.

Keywaords: Autisi; Asperger; Porphyrin; Mercury; Pervasive Developmental Disorder

Introduction Barbaresi et al., 2005), as reviewed (Blaxill. 2004). is suggestive
of an environmental contribution. Changes in awareness and

Autism is a disorder of reciprocal social interaction, behavioral diagnostic criteria may explain some of the rise (Croen et al., 2002;
repertoire, and language and communication. Because the phe-  Rutter, 2005), but a true increase in prevalence has not been
notype ranges from manifest disability to specific performance  excluded (Rutter, 2005). Elevated ASD rates in urban versus rural

ney

Children with autism were found to have statistically elevated levels
of urinary porphyrins that specifically show mercury toxicity due to
environmental exposure. This was a large study of 106 children with

autism compared to children with Asperger’s and control children.
Neither the Asperger’s or control group showed elevations in urinary
porphyrin levels.
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Antineuronal antibodies in autistic children: relation to blood mercury

Background: It was recently suggested that autism, a severe | Gehan A. Mostafa,
neurodevelopmental disorder, may involve an autoimmune pathogenesis. | Thanaa M.K. Refai*
Mercury (Hg) is a potential risk factor for autoimmunity in autistic children.
Objective: We sought to investigate the expression of antineuronal
antibodies, as an index of autoimmunity to brain, in autistic children. The
potential relationship between blood mercury and these antibodies was also | From the Departments
jnvgs[fgatgd ofPediatrics and
Methods: Forty autistic children (20 with mild to moderate and 20 with | Clinical Pathology¥*,
severe disease) were studied in comparison to 40 healthy children. After | Faculty of Medicine,
complete clinical and neuropsychiatric evaluation, serum antineuronal | Ain Shams University,
antibodies and blood Hg levels were estimated. Cairo, Egypt.
Results: Autistic children had significantly higher seropositivity for
antineuronal antibodies (67.5%) than healthy controls (5%). Similarly, the
Sformer group had significantly higher blood Hg levels than the latter
(p<0.0001). Seropositivity of antineuronal antibodies had a significant
positive association with elevated blood Hg, which was found in 70% of
autistic children, (p<0.000!). In addition, the two markers were positively
associated with some parameters such as the family history of autoimmunity,
autistic severity and some important clinical manifestations of autism
(mental retardation, behavioral abnormalities and cautistic regression) as
well as EEG abnormalities.
Conclusion: Autism may be, in part, one of the pediatric autoimmune Correspondence:
neuropsychiatric - disorders. Such autoimmunity may be triggered by | Dy Gehan 4. Mostafa,
environmental Fg exposure. Further studies are warranted to enforce these | p epartment of
concepts. If these assumptions could be proved, routine assessment of serum | p, ionics Facu Ity of
antineuronal antibodies and blood mercury in autistic children would be Medic A Sh

. ; . edicine, Ain Shams
mandatory. Studies assessing the role of immunotherapy and Hg chelators
as new therapeutic modalities for autism are also recommended.

University, Abbasiah,
Cairo 11566, Egypt.

Keywords: Antineuronal antibodies; autism; autoimmunity; children; heavy E-mail: hafezg@

metals; EEG; mercury. so fthome.net
) ) pediatric  vaccine preservative thimerosal; (2)
IN I‘ RO_DUC I'TON ) methyl mercury, is most commonly the result of
Autism is a severe neurodevelopmental disorder  consumption of contaminated food, particularly

characterized by i"}Pi‘ir‘?d communication, social  fish; (3) inorganic Hg, through the use of topical
interaction and imagination that is often Hg-based skin creams and in infant teething
accom'pa{ned by repetitive and stereotyped powders; (4) metalic Hg in dental amalgams, which
behavior. It develops before the 36 month of age release Hg vapors®. In 2006, Palmer and associates’

and persists into adulthood causing life long  reported that for each 1.000 Ib of environmentally
disability”. The prevalence of autism has surged in ___released Ho_there increase in the rate

Autistic children showed higher levels of antineuronal
antibodies and blood mercury as compared to non-

autistic controls. There was a strong, statistically
significant correlation between antineuronal
antibodies and blood mercury in autistic children.
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A Prospective Study of Mercury Toxicity Biomarkers

in Autistic Spectrum Disorders
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Mark R. Geier
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Porphyrins are derivatives formed in the heme synthesis path-
way and porphyrins afford a measure of xenobiotic exposure. The
steps in the heme pathway most vulnerable to heavy metal inhibi-
tion are uroporphyrin decarboxylase (UROD) and coproporphy-
rinogen oxidase (CPOX) reactions. Mercury toxicity was
associated with eclevations in urinary coproporphyrin (cP),
pentacarboxyporphyrin (5cxP), and precoproporphyrin (prcP)
(also known as Keto-isocoproporphyrin) levels. Two cohorts of
autistic patients in the United States and France had urine por-
phyrin levels associated with mercury toxicity. A prospective
study of urinary porphyrin testing at LabCorp (United States)
and the Laboratoire Philippe Auguste (France) involving 71
autism spectrum disorder (ASD) patients, ncurotypical sibling
controls, and general population controls was undertaken. ASD
patients had significant elevations in urinary levels of cP, ScxP,
and prcP relative to controls, and > 50% of ASD patients had uri-
nary cP levels more than 2 standard deviations above the mean
values for neurotypical sibling controls. Significant reductions in
urinary ScxP and cP levels were observed in ASD patients follow-
ing chelation. A significant correlation was found between uri-
nary porphyrins measured at LabCorp and those measured at the
Laboratoire Philippe Auguste on individual ASD patients. The
established developmental ncurotoxicity attributed to mercury
and biochemical/genomic evidence for mercury susceptibility/
toxicity in ASDs indicates a causal role for mercury. Urinary por-
phyrin testing is clinically available, relatively inexpensive, and
noninvasive. Porphyrins need to be routinely measured in ASDs

Received 9 January 2007; accepted 21 March 2007.
This study was supported by the nonprofit Institute of” Chronic
[llnesses (Silver Sprine MDY through a orant from the Brenen

to establish if mercury toxicity is a causative factor and to evalu-
ate the effectiveness of chelation therapy.

Porphyrins arc derivatives of the heme synthesis pathway
that afford a measure of xcnobiotic exposure (Brewster, 1988).
Heme production primarily occurs in liver. kidneys, and eryth-
roid cells. The synthetic process is summarized in Figure 1
(Nataf et al., 2006). Exccss porphyrinogen metabolites are
excreted in the urinc as oxidized porphyrins. particularly
uroporphyrin (uP) and coproporphyrin (cP). the most abundant
soluble porphyrin molecules in the kidney cortex (Woods &
Miller. 1993). Because these mid-pathway porphyrins are the
most water-soluble of all the porphyrins, they are excreted pre-
dominantly in urine, whereas the hydrophobic protoporphyrin
is predominantly found in the bile and feces.

Excess urinary porphyrin excretion, or porphyrinuria,
results from inhibition of key enzymatic steps in conditions
including genetic deficiencies in heme production enzymes
(Sarkany. 1999). hepatitis, renal discase, and erythroid discase
(Gross ct al.. 2000). as well as by hecavy metal inhibition of
heme cnzyme synthesis (Woods. 1996). Both in experimental
animals and in humans exposed to heavy metals, clevated lev-
els of porphyrins arc found in the urine (Bowers ct al., 1992;
Woods. 1996). The steps in the heme pathway most vulnerable
to hcavy metal inhibition are those in which uroporphyrin
decarboxylasc (IJRODY (Woods & Kardish,_ 19831 and conyo-

Children with autism spectrum disorders showed
significantly higher levels of urinary porphyrins associated

with mercury toxicity as compared to “neurotypica

III

control

children. Children in the U.S. and France exhibited the same
characteristics which were confirmed by U.S. and French
clinical laboratories.
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KEYWORDS Abstract Background: A review of medical literature has shown that exposure to mercury,
Autism; whether organic or inorganic, can give rise to the symptoms and traits defining or commonly found
Mereury; in autism spectrum disorders (ASD). Mercury can cause impairments in social interaction, commu-
Hair analysis; nication difficulties, and repetitive and stereotyped patterns of behavior, which comprise the three
Toxic metals DSM-IV diagnostic criteria of autism. The aim of this work was to measure the concentration of

total mercury trace elements in the hair of some Egyptian autistic children and to correlate these
levels with severity of the disease.

Methods: Thirty- two paticnts diagnosed by DSM-IV-TR criteria (diagnostic and statistical man-
ual of mental disorders, 4th edition criteria, text revised) were subjected to bair mercury measure-
ment using Atomic Absorption Spectrometry (AAS) and were compared to hair mercury
measurement of fifteen, age and sex matched healthy children.

Results: Results revealed a highly significant increase in thc mean hair mercury level in autistic
patients than the control group (0.79 + 0.51 vs 0.12 + 0.086 ppm) respectively, (P < 0.001). There

The authors compared autistic children to matched control
children and found the autistic children had significantly

higher hair mercury levels. This phenomenon was seen
particularly in children who received thimerosal-containing
vaccines.
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Is there a threshold level?
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Mercury (Hg) may significantly impact the pathogenesis of autism spectrum disorders (ASDs). Lab results generated by
Vitamin Diagnostics (CLIA-approved), from 2003-2007, were examined among subjects diagnosed with an ASD (»#=83) in
comparison to neurotypical controls (1#=89). Blood Hg levels were determined by analyzing Hg content in red blood cells
(RBC) using cold vapor analysis, and consistent Hg measurements were observed between Vitamin Diagnostics and the
University of Rochester. Adjusted (age, gender, and date of collection) mean Hg levels were 1.9-fold significantly (P<0.0001)
increased among subjects diagnosed with an ASD (21.4 pg/L) in comparison to controls (11.4 pg/L). Further. an adjusted
significant (P<0.0005) threshold effect (>15 pg/L) was observed for Hg levels on the risk of a subject being diagnosed with
an ASD 1n comparison to controls (odds ratio=6.4). The weight of scientific evidence supports Hg as a causal factor in

subjects diagnosed with an ASD.

Key words: Asperger, autistic, body-burden, neurodevelopmental, PDD

INTRODUCTION

Autism spectrum disorders (ASDs) are neurodevel-
opmental disorders, presenting in childhood that affect
at least 1 in 110 childrenin the United States (Centers
for Disease Control and Prevention 2009). The condi-
tion is characterized by severe impairments in social-
ization, communication, and behavior. Individuals
diagnosed with an ASD may display a range of prob-
lem behaviors such as hyperactivity, poor attention,
impulsivity, aggression, self-injury, and tantrums.
Further, these children often display unusual responses
to sensory stimuli, such as hypersensitivities to light,
sound, color, smell or touch, and have a high threshold

developmental periods (Austin 2008, Geier et al. 2008,
2009¢). Exposure to Hg can cause immune, sensory,
neurological, motor, and behavioral dysfunctions simi-
lar to traits defining/associated with ASDs, and these
similarities extend to neuroanatomy, neurotransmit-
ters, and biochemistry (Austin 2008, Geier et al. 2008,
2009%¢).

DeSoto and Hitlan (2007) postulated that if g does
play any causal role in facilitating an ASD diagnosis,
there would likely be at least some correlation between
high He measured in the blood and the symptoms of
autism, even if an individual’s ability to metabolize
mercury mediates the rclationship between exposure
and neural toxicity. This is because even if exposure is

In this study, the authors identify a statistically significant
level of mercury in red blood cells of autistic children

compared to non-autistic controls. When adjusted for age,
gender and date of collection, mercury levels were 90%
higher in autistic subjects than controls without autism.
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A Case Series of Children with Apparent Mercury Toxic
Encephalopathies Manifesting with Clinical Symptoms of

Regressive Autistic Disorders
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Impairments in social relatedness and communication, repeti-
tive behaviors, and stereotypic abnormal movement patterns char-
acterize autism spectrum disorders (ASDs). It is clear that while
genetic factors are important to the pathogenesis of ASDs, mercury
exposure can induce immune, sensory, neurological, motor, and
behavioral dysfunctions similar to traits defining or associated with
ASDs. The Institutional Review Board of the Institute for Chronic
1lInesses (Office for Human Research Protections, U.S. Department
of Health and Human Services, IRB number IRB00)05375)
approved the present study. A case series of nine patients who pre-
sented to the Genetic Centers of America for a genetic/developmen-
tal evaluation are discussed. Eight of ninte patients (one patient was
found to have an ASD due to Rett’s syndrome) (a) had regressive
ASDs; (b) had elevated levels of androgens; (c) excreted significant
amounts of mercury post chelation challenge; (d) had biochemical
evidence of decreased function in their glutathione pathways; (¢)
had no known significant mercury exposure except from Thimero-
sal-containing vaccines/Rho(D)-immune globulin preparations;
and () had alternate causes for their regressive ASDs ruled out.
There was a significant dose-response relationship hetween the
severity of the regressive ASDs observed and the total mercury dose
children received from Thimerosal-containing vaccines/Rho (D)-
immune globulin preparations. Based upon differential diagnoses, 8
of 9 patients examined were exposed to significant mercury from
Thimerosal-containing biologic/vaccine preparations during their
fetal/infant develoymental periods, and subsegquently, hetween 12

mercury intoxication should he considered in the differential diag-
nosis as contributing to some regressiveASDs.

Autism is a neurodevelopmental syndrome characterized
by impairments in social relatedness and communication, repeti-
tive behaviors, and stereotypic abnormal movement patterns
(Califormia Department of Developmental Services, 2003). While
genetic factors are recognized as being important in the pathogen-
esis of autistic disorders, the role for environmental [actors has
received considerable attention. Researchers have previously
reported that exposure to mercury can produce immune, sensory,
neurological, motor, and behavioral dysfunctions similar to traits
defining or associated with autistic disorders, and these similari-
ties extend to neuroanatomy, neurotransmitters, and biochemistry
(Bemard et al., 2001, 2002; Blaxill et al., 2004; Redwood et al.,
2001). Furthermore, recent research observing children’s com-
municative, social, affective and repetitive behaviors and toy play
coded (rom videotapes of the toddlers’ first and second birthday
parties revealed there are children with regressive autistic disor-
ders that manifest between the ages of 12 and 24 mo (Wemer &
Dawson, 2005), a temporal period concurrent with expgsure of

Eight autistic patients were found to be heavily
contaminated with mercury. They each excreted significant
amounts of mercury following chelation and all showed
biochemical evidence of decreased function in their

glutathione pathways. None of the subjects had known,
significant mercury exposure except from thimerosal-
containing vaccines/Rho(D)-immune globulin preparations.
In addition, all had alternate causes for their regressive ASDs
ruled out.
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The question of what is leading to the apparent increase in
autism is of great importance. Like the link between aspirin
and heart attack, even a small effect can have major health
implications. f there is any link between autism and mercury,
it is absolutely crucial that the first reports of the question are
not falsely stating that no link occurs. We have reanalyzed the
data set originally reported by Ip et al. in 2004 and have found
that the original p value was in error and that a signiticant

relation does exist between the blood levels of mercury and
diagnosis of an autism spectrum disorder. Morcover, the hair
sample analysis results offer some support for the idea that
persons with autism may be less cfficient and more variable at
eliminating mercury from the blood.

Keywords: autism; mercury; environmental health; neuro-
toxin; neurodevelopment; blood

here is a marked increase in the diagnosis of autism.

The question of what is (and is not) related to this
increase is crucial to millions of persons alfected by

the disorder. This article reanalyzes an original data set
regarding the relation between blood levels of mercury and
diagnosis of an autism spectrum disorder (ASD) by Ip et al.
based on our finding of discrepancies in the original article.'
A review of what is known about the neurotoxic etfects

of mercury is beyond the scope of this paper,? but the
observable symptoms of acute mercury poisoning have been
reported to match up with many of the problems observed in
autism.* Furthermore, mercury poisoning has sometimes
been presumptively diagnosed as autism of unknown etiol-
ogy until the mercury poisoning has bcen uncovered.”
Because there has been a several-fold increase in environ-
mental mercury exposure, the hypothesis that the rise in
autism could be related to an environmental increase in mer-
cury levels is a reasonable one to pursue. Autism may result
from a combination of genetic susceptibility (perhaps in the
form of reduced ability to remove mercury or other neuro-
toxins from the system) and environmental exposure at key
times in development.>” This would mean a generalized

exposed to relatively high mercury would not be affected it,
tor example, their bodies were very efticient eliminators of
such toxins. Only if an exposed infant or fetus also had a
genetic susceptibility that makes one less able to remove
mercury (or other heavy metals) would normal levels of mer-
cury exposure lead to problems. Alternatively, it could be that
genes that help detoxily get switched on and start to express
themselves a little later than normal in those genetically pre-
disposed to autism; or perhaps, autism results from some
combination of these theories.

Nevertheless, it mercury does play any causal role in
facilitating a diagnosis of autism, there would likely be at
least some relation between high mercury measured in the
blood and symptoms of autism even if ability to metabolize
mediates the relationship between exposure and neural tox-
icity. This is because even it exposure is identical, those who
remove mercury less effectively should still huve higher lev-
cls in the blood. Interestingly, results of hair samples could
be expected to be somewhat mixed. The level of mercury in
hair may be better understood as an indication of how much
mercury has been removed by the body as opposed to the
level in the body." It people are approximately equal in their

This study is a correction to a previous study that claimed
mercury levels in children’s blood did not correlate with the
presence of autism. In this reanalysis, Desoto shows clearly

that a statistically significant link appears between blood
mercury levels and autistic disorder in children.
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The purpose of this review is to examine the parallels between the effects mercury intoxication on the brain and the brain
pathology found in autism spectrum disorder (ASD). This review finds evidence of many parallels between the two,
including: (1) microtubule degeneration, specifically large, long-range axon degeneration with subsequent abortive axonal
sprouting (short, thin axons); (2) dentritic overgrowth; (3) neuromnflammation; (4) microglial/astrocytic activation; (5) brain
immune response activation; (6) elevated glial fibrillary acidic protein; (7) oxidative stress and lipid peroxidation; (8)
decreased reduced glutathione levels and elevated oxidized glutathione; (9) mitochondnal dystunction; (10) disruption in
calcium homeostasis and signaling; (11) inlubition of glutamic acid decarboxylase (GAD) activity, (12) disruption of
GABAergic and glutamatergic homeostasis; (13) inhibition of IGF-1 and methionine synthase activity; (14) impairment in
methylation; (15) vascular endothelial cell dysfunction and pathological changes of the blood vessels; (16) decreased
cerebral/cerebellar blood flow; (17) increased amyloid precursor protein; (18) loss of granule and Purkinje neurons in the
cerebellum; (19) increased pro-inflammatory cytokine levels in the brain (TNF-¢, [FN-y, IL-1p, IL-8); and (20) aberrant
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB). This review also discusses the ability of mercury to
potentiate and work synergistically with other toxins and pathogens in a way that may contribute to the brain pathology in
ASD. The evidence suggests that mercury may be either causal or contributory in the brain pathology in ASD, possibly
working synergistically with other toxic compounds or pathogens to produce the brain pathology observed in those diagnosed
with an ASD.

Key words: autism, autism spectrum disorder (ASD), mercury (Hg), toxicity, brain pathology

INTRODUCTION al. 2011), both of which are critically important for
detoxification (Gutman 2002, Kern et al. 2004).
Evidence suggests that children with autism spec- Expressions such as “poor detoxifiers” and “poor

trum disorder (ASD) have a greater susceptibility to  excretors” have been used in reference to those with

heavy-metal intoxication than typically developing
children (Holmes et al. 2003, Kern and Jones 2006,
Rose et al. 2008, Nataf et al. 2008, James et al. 2009,
Geier et al. 2009a, I\/I:\Jewsl\a et al. 2010, Youn et al

ASD (Holmes et al. 2003). In a recent analysis, DeSoto
and Hitlan (2010) found that there are 58 research
articles which provide empirical evidence relevant to
the question of a link between autism and one or more

The study authors discuss 20 specific 5|m|Iar|t|es between
mercury intoxication and autism brain pathologies. The
evidence suggests that mercury might be causal or

contributory in the brain pathology of autism, with a
possibility of synergistic interactions with other toxins or

pathogens.
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The association of autism spectrum disorders with oxidative stress, redox imbalance, and mitochondrial dysfunction has become
increasingly recognized. In this study, extracellular flux analysis was used to compare mitochondrial respiration in lymphoblastoid
cell lines (LCLs) from individuals with autism and unaffected controls exposed to ethylmercury, an environmental toxin known to
deplete glutathione and induce oxidative stress and mitochondrial dysfunction. We also tested whether pretreating the autism LCLs
with N-acetyl cysteine (NAC) to increase glutathione concentrations conferred protection from ethylmercury. Examination of 16
autism/control LCL pairs rcvealed that a subgroup (31%) of autism LCLs exhibited a greater reduction in ATP-linked respiration,
maximal respiratory capacity, and reserve capacity when exposed to ethylmercury, compared to control LCLs. These respiratory
parameters were significantly elevated at baseline in the ethylmercury-sensitive autism subgroup as compared to control LCLs.
NAC pretreatment of the sensitive subgroup reduced (normalized) baseline respiratory parameters and blunted the exaggerated
ethylmercury-induced reserve capacity depletion. These findings suggest that the epidemiological link between environmental
mercury exposure and an increased risk of developing autism may be mediated through mitochondrial dysfunction and support
the notion that a subset of individuals with autism may be vulnerable to environmental influences with detrimental effects on
development through mitochondrial dysfunction.

In a comparison of lymphoblast cells from children with autism and
matched non-autistic controls, a significantly higher number of
“autistic” lymphoblast cell lines showed a reduction in ATP-linked
respiration, maximal respiratory capacity and reserve capacity

indicative of mitochondrial injury when exposed to thimerosal as
compared to control cell lines. This supports the notion that a
subset of individuals with autism (approximately 30%) may be
vulnerable to mitochondrial dysfunction from thimerosal exposure.
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The role of thimerosal containing vaccines in the development of autism spectrum disorder (ASD) has been an area of intense
debate, as has the presence of mercury dental amalgams and fish ingestion by pregnant mothers. We studied the effects of thimerosal
on cell proliferation and mitochondrial function from B-lymphocytes taken from individuals with autism, their nonautistic twins,
and their nontwin siblings. Eleven families were examined and compared to matched controls. B-cells were grown with increasing
levels of thimerosal, and various assays (LDH, XTT, DCFH, etc.) were performed to examine the effects on cellular proliferation and
mitochondrial function. A subpopulation of eightindividuals (4 ASD, 2 twins, and 2 siblings) from four of the families showed thim-
erosal hypersensitivity, whereas none of the control individuals displayed this response. The thimerosal concentration required to
inhibit cell proliferation in these individuals was only 40% of controls. Cells hypersensitive to thimerosal also had higher levels of
oxidative stress markers, protein carbonyls, and oxidant generation. This suggests certain individuals with a mild mitochondrial
defect may be highly susceptible to mitochondrial specific toxins like the vaccine preservative thimerosal.

This paper found peripheral blood lymphocytes from a subset of autistic
children and their unaffected siblings, exhibited greater sensitivity and
higher rates of cell death when exposed to thimerosal than those of
unaffected, unrelated control children. The exposure levels to thimerosal in
this study were the same levels that infants received during vaccinations.
These findings are consistent with the only other thimerosal/B-cell study by

Rose et al. 2015 that found mitochondria were thimerosal targets and that
antioxidant defenses, especially those linked to glutathione, were
compromised in ASD cells and were further injured by exposure to
thimerosal. This research supports the notion that there is a genetic
component to thimerosal hypersensitivity and this hypersensitivity is found
in approximately a third of children with ASD.
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Abnormalities in the zinc-metalloprotease-BDNF
axis may contribute to megalencephaly and
cortical hyperconnectivity in young autism
spectrum disorder patients

Jae-Young Koh'?', Joon Seo Lim', Hyae-Ran Byun' and Min-Heui Yoo'

[ Abstract

Whereas aberrant brain connectivity is likely the core pathology of autism-spectrum disorder (ASD), studies do not
agree as to whether hypo- or hyper-connectivity is the main underlying problem. Recent functional imaging
studies have shown that, in most young ASD patients, cerebral cortical regions appear hyperconnected, and cortical
thickness/brain size is increased. Collectively, these findings indicate that developing ASD brains may exist in an
altered neurotrophic milieu. Consistently, some ASD patients, as well as some animal models of ASD, show increased
levels of brain-derived neurotrophic factor (BDNF). However, how BDNF is upregulated in ASD is unknown. To
address this question, we propose the novel hypothesis that a putative zinc-metalloprotease-BDNF (ZMB) axis in
the forebrain plays a pivotal role in the development of hyperconnectivity and megalencephaly in ASD.

We have previously demonstrated that extracellular zinc at micromolar concentrations can rapidly increase BONF
levels and phosphorylate the receptor tyrosine kinase TrkB via the activation of metalloproteases. The role of
metalloproteases in ASD Is still uncertain, but in fragile X syndrome, a monogenic disease with an autistic
phenotype, the levels of MMP are increased. Early exposure to lipopolysaccharides (LPS) and other MMP activators
such as organic mercurials also have been implicated in ASD pathogenesis. The resultant increases in BDNF levels
at synapses, especially those involved in the zinc-containing, associative glutamatergic system may produce
abnormal brain circuit development. Various genetic mutations that lead to ASD are also known to affect

BDNF signaling: some down-regulate, and others up-regulate it. We hypothesize that, although both up- and
down-regulation of BDNF may induce autism symptoms, only BDNF up-regulation is associated with the
hyperconnectivity and large brain size observed in most young idiopathic ASD patients.

To test this hypothesis, we propose to examine the ZMB axis in animal models of ASD. Synaptic zinc can be
examined by fluorescence zinc staining. MMP activation can be measured by in situ zymography and Western blot
analysis. Finally, regional levels of BDNF can be measured. Validating this hypothesis may shed light on the central
pathogenic mechanism of ASD and aid in the identification of useful biomarkers and the development of
preventive/therapeutic strategies.

Keywords: Autism spectrum disorder (ASD), Zinc, Metalloprotease, Brain-derived neurotrophic factor (BDNF)

The protein zinc-metalloprotease-BDNF is upregulated in
the presence of organic mercurials, including thimerosal.

This protein is implicated in the development of large
brains (megalencephaly) and cortical hyperconnectivity in
the brains of children with autism.
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ABSTRACT —
Objective: the aim of this study was to provide evidence that DMSA detoxification treatments cause
areduction of the heavy metal burden in the autistic, and that this reduction lessens neurological symp-
toms associated with ASD (Autistic Spectrum Disorder).

Method: The participants were 44 children, age 3 to 9 years of age, with Autistic Spectrum Disorder
(ASD) according to Diagnostic and Statistical Manual of Mental Disorders 4t Edition, (DMS-1V). The
severity of the autistics wmptonmtologn/ had been measured by the Childhood Autism Pntmg Scale
(SCARS). We collected urine samples before and after the DMSA chnllenge test, comparing urine metal
output. We also compared the results of the DMSA detoxification(=the urine challenge test) with behav-
ioral effects, typical for ASD.

Results: The DMSA challenge test increased the urine metal output for a number of potentially toxic
metals. Statistically significant difference were noted between the baseline urine and DMSA dhallenge
test regarding the level of cadmium, mercury, and lead (P=0.006, P=0.043, and P=0.008 respectively).
We also noted that behavioral effects, h/pzcnl for ASD (autism spectrum dlbOl ders) were reduced with
this method of detoxification. A comparison between CARS Subscales and Total Score before and after a
6-month chelation progrant showed greatest improvements for Verbal and nonverbal communication (P
<0.001), Taste, Smell and Touch (P 0.001) and Relating to Peopie (P 0.005). Other improvements were
noted for Adaptation to Change and Improvement.

Conclusion: DMSA chelation increased the urinary output of toxic and neurotoxic metals. Our data
_supports evidence that detoxification treatment with oral DMSA has beneficial effect on ASD patients. |

—

DMSA chelation therapy was shown to be effective in
detoxifying a number of toxic metals including mercury and
resulted in marked improvement in behavioral effects of

autistic children. A six month trial of chelation therapy in

children with autism resulted in improved verbal and non-
verbal communication, smell and touch, improvements in
relating to people and adaptation to change.
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Autism spectrum disorders (ASDs) may result from a combination of genetic/biochemical susceptibilities in
the form of a reduced ability to exarete mercury andfor increased environmental exposure at key
developmental times. Urinary porphyrins and transsulfuration metabolites in participants diagnosed with an
ASD were examined. A prospective, blinded study was undertaken to evaluate a cohort of 28 participants
with an ASD diagnosis for Childhood Autism Rating Scale (CARS) scores, urinary porphyrins, and
transsulfuration metabolites. Testing was conducted using Vitamin Diagnostics, Inc. ((LIA-approved) and
Laboratoire Philippe Auguste (ISO-approved). Participants with severe ASDs had significantly increased
mercury intoxication-associated urinary porphyrins (pentacarboxyporphyrin, precoproporphyrin, and
coproparphyrin) in comparison to participants with mild ASDs, whereas other urinary porphyrins were
similar in both groups. Significantly decreased plasma levels of reduced glutathione (GSH), cysteine, and
sulfate were observed among study participants relative to controls. In contrast, study partidpants had
significantly increased plasma oxidized glutathione (GSSG) relative to controls. Mercury intaxication-
associated urinary porphyrins were significantly correlated with increasing CARS scores and GSSG levels,
whereas other urinary porphyrins did not show these relationships. The urinary porphyrin and CARS score
correlations observed among study participants suggest that mercury intoxication is significantly associated
with autistic symptoms. The transsulfuration abnormalities observed among study participants indicate that
mercury intoxication was associated with increased oxidative stress and decareased detoxification capadity.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

associated with an ASD diagnosis include gastrointestinal disease and
dysbiosis [3], autoimmune disease [4], and mental retardation [5].

Autism specorum disorders (ASDs) are prevalent neurodevelop-
mental disorders that, based on a recent survey, affect not less than 1 in
150 children born in the US during the early 1990s [ 1]. ASD diagnoses are
characterized by impairments in social relatedness and communication,
repetitive behaviors, abnormal movement patterns, and sensory

In attempting to understand the underlying pathogenesis in those
with an ASD diagnosis, a considerable body of research has been
conducted to evaluate potential candidate causal genes. Genetic
studies, to date, have not uncovered genes of strong effect. It has
recently been postulated that increasing rates and less than 100%

The authors assessed mercury toxicity in a cohort of 28
children with autism. The cohort showed significantly higher
levels of urinary porphyrins associated with mercury toxicity

as well as decreased plasma levels of reduced glutathione,
_cysteine and sulfate, indicating active mercury toxicity in
“autistic children and an inability to detoxify heavy metals.
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Clinlcal information

An |l-month-old Swiss boy was brought to his paedi-
atrician. He had been in good health and had developed
normally until then, but his parents mentioned that over
the previous 2 weeks, the child no longer laughed or
played, was becoming more and more restless, and slept
only I to 2 h a night. He was no longer able to crawl and
to stand up, and he had lost weight. Clinical examina-
tion revealed swollen hands and feet with skin desqua-
mation, axial hypotonia and brisk reflexes. The child
sweated profusely, refused to crawl or stand, showed
stereotypic movements of the hands (kneading) and
repeatedly bit objects or his own hands.

Upon admission to the regional hospital, blood cell
count, electrolytes, blood gas analysis, thyroid hormones
and cerebrospinal fluid were normal. Liver and kidney
parameters were normal, but plasma LDH and CK were
increased to 724 U/l (normal <296 U/l) and to 270 U/l
(normal <234 U/l), respectively. EEG, chest X-ray film,
abdominal sonography, cranial CT scan and a muscle
biopsy were all normal. Differential diagnosisat that point
included a viral infection, neuroborreliosis, and coeliac dis-
ease, but laboratory investigations remained inconclusive.

Two further wecks later, the symptoms persisted and
the child was referred to a seccondary centre. Clinical
findings were unchanged; routine laboratory studies were
again normal. EEG, brain MRI, and investigations for a
metabolic disorder (ammonia, uric acid, amino acids,
organic acids, acylcarnitines and mucopolysaccharides)
were normal. The diagnosis remained obscure. The child

C. Chrysochoou - C. Rutishauser - T. Neuhaus
E. Boltshauser - A. Superti-Furga (&2)
Department of Paediatrics, University Children’s Hospital,

hypotonia, anorexia, and auto-aggressive behaviour with

was referred for further evaluation of severe psychomotor
regression with autistic features of unknown aetiology.

The child was admitted to our hospital at age 14
months. Length and weight, that had been at PS0 atage 1 |
months, had declined to P3-10. The child appeared ex-
hausted and irritable and sweated profusely. The hands
and feet were swollen, erythematous and tender (Fig. 1). A
fine maculo-papular exanthema was present on the trunk.
There was muscular hypotrophy with peripheral oedema
and axial hypotonia. Physical findings included tachy-
cardia (160-180/min) and arterial hypertension (140/
80 mmHg). The boy refused to stand, but would sit in a
crouched position, had a sad and apatheticlook, took little
interest in his surroundings and would occasionally bite his
hands and feet. A review of a videotape obtained during
the first hospitalisation several weeks carlier showed that
all features had been even more marked at that time.

Abdominal sonography showed no signs of a tumour
or renal disease; chest radiography and MIBG-scintigra-
phy showed no signs of a tumour. Echocardiography
showed no signs of cardiomyopathy. An ophthalmologi-
cal examination did not reveal corneal or lenticular
abnormalities. An afebrile seizure occurred during hos-
pitalisation: EEG and cerebral spinal fluid were again
normal. Arterial hypertension and tachycardia had a good
response to beta-blockers. Thyroid hormones were nor-
mal, but urinary excretion of epinephrine (epinephrine/
creatinine: 86 nmol/mmol; normal <25 nmol/mmol),
norepinephrine (norepinephrine/ creatinine: 263 nmol/
mmol; normal <55 nmol/mmol), dopamine (dopamine/
creatinine 1192 nmol/mmol; normal <590 nmol/mmol)
and HMA and VMA (HMA /creatinine 6.9 pmol/mmol;
normal <4.7 pmol/mmol) were elevated.

Because of developmental regression, muscular

In this case study, an 11-month-old boy regressed into a syndrome
with autism-like features after exposure to elemental mercury via a
broken thermometer. Symptoms improved after he was treated for

'__racrodynia ( @ mercury induced illness) with chelation therapy and by
two years of age, he was considered to be developmentally normal.
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Large Brains in Autism:
The Challenge of Pervasive Abnormality
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The most replicated finding in autism neuroanatomy—a tendency to unusually large brains—has seemed
paradoxical in relation to the specificity of the abnormalities in three behavioral domains that define autism.
We now know a range of things about this phenomenon, including that brains in autism have a growth spurt
shortly after birth and then slow in growth a few short years afterward, that only younger but not older
brains are larger in autism than in controls, that white matter contributes disproportionately to this volume
increase and In a nonuniform pattern suggesting postnatal pathology, that functional connectivity among
regions of autistic brains is diminished, and that neuroinflammation (including microgliosis and astrogliosis)
appears to be present In autistic brain tissue from childhood through adulthood. Alongside these pervasive
brain tissue and functional abnormalities, there have arisen theories of pervasive or widespread neural
information processing or signal coordination abnormmalities (such as weak central coherence, impaired
complex processing, and underconnectivity), which are argued to underlie the specific observable behav-
ioral features of autism. This convergence of findings and models suggests that a systems- and chronic
disease-based reformulation of function and pathophysiology in autism needs to be considered, and
it opens the possibility for new treatment targets. NEUROSCIENTIST 11(5):417—440; 2005. DOI:

10.1177/0091270005278866

KEY WORDS Autism, Macrocephaly, Connectivity, Neuroinflammation, Complex processing, Brain

Autism is a developmental disorder defined behavioral-
ly by a triad of abnormalities involving language, social
interaction, and a marked lack of flexibility that may
include repetitive or ritualistic behaviors (American
Psychiatric Association, 1994); full criteria must be met
by the age of three. The behavioral features of autism
appear to be continuously distributed, and autism is part
of a spcctrum that also includes morc mildly affected
individuals (Dawson and others 2002).

Given that the atypical bchaviors dcfining autism
appear specifically characterizable, there has naturally
been the expectation that we will find anatomical corre-
lates for each feature of the behavioral phenotype.
Indeed, there are findings in the limbic system and cere-
bellum (parts of the brain subserving functions that
include some impaired in autism) that have been com-
mon (Cody and others 2002), yet they arc troublingly not
consistently encountered. Instead, the most replicated
finding in autism, and onc that has been found in multi-
ple reliably characterized cohorts and artifact-free sam-
ples, has been that the brains are on average unusually
large. This finding has had a paradoxical impact. On one

This work was supported by the Cure Autism Now Foundation. Lisa
McCoy contributed in research assistance.
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hand, the consistency of an anatomical mcasurc was an
encouraging sign of convergence upon unraveling the
neurobiology of this disorder. On the other hand, large
brains did not make sense in terms of neural systems
models of autism or brain-behavior correlations. How
would such a generalized phenomenon relate to a disor-
der characterized by three specific classes of atypical
bchaviors? This conundrurn has been sitting in the cen-
ter of the autism field almost like a zen koan, awaiting a
mental frame shift that would allow its obscurc signifi-
cance to become clear.

In the past few years, a series of discoveries about the
autistic brain are appearing to converge toward a model
that integrates biological, processing, and behavioral
levels in autism. These discoveries potentially shed light
on large brains regarding both underlying mechanisms
and functional conscquences. Morcover, these findings
point toward a disease model that departs from earlier
formulations of autism in having scvcral ncw
levels of potential treatment implications. The recent
findings prominently include identification of pervasive
volume scaling alterations, widespread reductions in
connectivity and perfusion, and neuroinflarnmation and
microgliosis that had previously been unappreciated.
Identification of these features of the autistic brain for
the most part was driven by investigation of tissuc and
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Reported rates of autism have increased sharply in the United
States and the United Kingdom. One possible factor underly-
ing these increases is increased exposure to mercury through
thimerosal-containing vaccines, but vaccine exposures need to be
evaluated in the context of cumulative exposures during gestation
and early infancy. Differential rates of postnatal mercury elimina-
tion may explain why similar gestational and infant exposures pro-
duce variable neurological eftects. First baby haircut ssmples were
obtained from 94 children diagnosed with autism using Diagnostic
and Statistical Manual of Mental Disorders, 4th edition (DSM 1V)
criteria and 45 age- and gender-matched controls. Information on
diet, dental amalgam fillings, vaccine history, Rho D immunoglob-
ulin administration, and autism symptom severity was collected
through a maternal survey questionnaire and clinical observation.
Hair mercury levels in the autistic group were 0.47 ppm versus
3.63 ppm in controls, a significant difference. The mothers in the
autistic group had significantly higher levels of mercury exposure
through Rho D immunoglobulin injections and amalgam fillings
than control mothers. Within the autistic group, hair mercury levels
varied significantly across mildly, moderately, and severely autistic
children, with mean group levels of 0.79, 0.46, and 0.21 ppm, re-
spectively. Hair mercury levels among controls were significantly
correlated with the number of the mothers® amalgam fillings and
their fish consumption as well as exposure to mercury through
childhood vaccines, correlations that were absent in the autistic
group. Hair excretion patterns among autistic infants were signif-
icantly reduced relative to control. These data cast doubt on the
etficacy of traditional hair analysis as a measure of total mercury
exposure in a subset of' the population. In light of the biological
plausibility of mercury’s role in neurodevelopmental disorders, the
mresent stndv nrovides further insieht i : nossihle me i

Autism has been defined by symptoms rather than causes
since itwas first characterized by Kanner in the 1940s (Eisenberg
and Kanner 1956). Since Rutter’s (Rutter 1978) further elabora-
tion of diagnostic standards in 1976, the prevailing standards for
diagnosis (Diagnostic and Statistical Manual of Mental Disor-
ders, 3rd edition [DSM III] 1980; 3rd edition—revised [DSM-
II-R] 1987; 4th edition [DSM 1V] 1994) have included impair-
ment in three domains: social relatedness, communication, and
behavior. In a small number of cases, either genetic (Wahlstrom
et al. 1986; Bolton et al. 2002; Steffenburg et al. 1996) or en-
vironmental (Stromland et al. 1994; Williams and Hersh 1997;
Aronson, Hagberg, and Gillberg 1997) causes have been
established, but the vast majority of cases remain idiopathic.

The need to account for the relative contribution of genetic
and environmental causes has taken on increased importance
in light of possible sharp increases in the incidence of autism.
Early prevalence studies in the United States (Burd, Fisher, and
Kerbeshian 1987; Treffert 1970; Ritvo et al. 1989) and the United
Kingdom (Lotter 1966; Wing and Gould 1979: Deb and Prasad
1994) reported low rates of autism—generally less than 5 per
10,000—among children bom before 1990. Studies of popu-
lations born in the 1990s, however, show far higher (Bertrand
et al. 2001: Baird et al. 2000) and increasing (Department of De-
velopmental Services 1999; Kaye, del Melero-Montes, and Jick
2001; Taylor et al. 1999) rates of autism and autisni spectrum
disorders (ASDs), in some cohorts as high as 55 per 10,000 for

' - 10.000.for AS

This study shows that autistic children are poor excreters of

mercury via hair, which is a normal physiological mode of mercury
detoxification. Thus, autistic children subjected to mercury
exposure would likely experience a longer, sustained toxicological
effect. Demographic data from this investigation also found a highly

significant findings (p<0.0002) that 43 out of 94 (46%) of the
mothers of children with autism had received Rho-D products
during the pregnancy compared to only 4 out of 34 (12%) of the
control mothers. A majority of these products contained
thimerosal.




Prenatal, Perinatal, and Neonatal Factors in Autism, Pervasive
Developmental Disorder-Not Otherwise Specified, and the
General Population
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ABSTRACT. Objectives. To examine various pre-,
peri-, and neonatal factors in autistic participants and in
pervasive developmental disorder-not otherwise speci-
fied (PDD-NOS) participants and to compare the inci-
dence of each factor to that of the normal population.

Methods. Seventy-four participants (66 males, 8 fe-
males) were diagnosed with autism at 2.5 through 4 years
of age using the most accurate and up-to-date methods,
including the Diagnostic and Statistical Manual of Men-
tal Disorders and the Autism Diagnostic Interview-Re-
vised. At age 5, all participants were reevaluated using
the Diagnostic and Statistical Manual of Mental Disor-
ders, the Autism Diagnostic Interview-Revised, the
Childhood Autism Rating Scale, and the Autism Diag-
nostic Observation Schedule-Revised, resulting in 61 au-
tistic and 13 PDD-NOS participants. Twenty-eight pre-,
peri-, and neonatal factors were examined in these 2
groups using both medical records and parental inter-
views. Incidences were compared with those of the US
population as reported in the Report of Final Natality
Statistics, 1995. This grand scale population group was
used to closely approximate comparison to a normal,
unbiased population. Results were analyzed using the
binomial probability test, with a P value of <.05, consti-
tuting a significant difference in incidence. A Bonferroni
correction was applied to the data to adjust for the num-
ber of factors investigated.

Results. Although most of the factors showed compa-
rable incidences between the index and control groups,
several factors showed statistically significant differ-
ences. Following the Bonferroni correction, the autism
group was found to have a significantly higher incidence
of uterine bleeding, a lower incidence of maternal vagi-
nal infection, and less maternal use of contraceptives
during conception when compared with the general pop-
ulation. Similarly, the PDD-NOS group showed a higher
incidence of hyperbilirubinemia when compared with
the general population.

Conclusions. The results of this study support previ-
ous findings suggesting a consistent association of unfa-
vorable events in pregnancy, delivery, and the neonatal
phase and the pervasive developmental disorders. How-
ever, interpretation of the meaningfulness of these re-
sults is difficult, as the specific complications that carried
the highest risk of autism and PDD-NOS represented

various forms of pathologic processes with no presently
apparent unifying feature. Additional studies are needed
to corroborate and strengthen these associations, as well
as to determine the possibility of an underlying unifying
pathological process.

This study’s analysis of obstetric and neonatal compli-
cations in combination with the use of participants diag-
nosed at an early age provides some interesting concepts
to consider. Perhaps future research will confirm certain
pre-, peri-, and neonatal associations that could be used
to generate a high-risk historical profile with which to
use in conjunction with currently employed diagnostic
tools. This may, in turn, help to determine the reliability
of a diagnosis of autism in younger children, leading to
earlier intervention and assistance for an improved out-
come in long-term functionality and quality of life.
Pediatrics 2001;107(4). URL: http://www.pediatrics.org/
cgi/content/full/107/4/e63; autism, peroasive developmen-
tal disorder, pregnancy, delivery, risk factors, neonatal.

ABBREVIATIONS. PDD, pervasive developmental disorder;
DSM-IV, Diagnostic and Statistical Manual of Menlal Disorders, 1V;
ADI-R, Autism Diagnostic Interview-Revised; PDD-NOS, perva-
sive developmental disorder-not olherwise specified.

utism is a behavioral syndrome with a re-

ported prevalence of ~10 per 10000 and an

approximate 4:1 ratio of affected males to
females.! It is classified under the category of perva-
sive developmental disorder (PDD) and results from
a neurologic disorder affecting various functions of
the brain. Autism is characterized by impairments in
reciprocal social interaction, impairments in verbal
and nonverbal communication, lack of imaginative
play, and a pattern of repetitive, stereotypical behav-
iors and interests. Like most other behavioral syn-
dromes, it seems to be a causally heterogeneous dis-
order. In the literature there is varying support for a
wide spectrum of hypotheses regarding the cause of
autism: from genetic studies showing a high concor-
dance rate in monozygotic twins? to the relationship
between environmental events and the development

This study investigated prenatal, perinatal and postnatal factors that might
contribute to autism. One of the significant findings was a higher than
expected incidence of Rh negative blood type in the mothers of the children

diagnosed with autism. A vast majority of Rho(D) immune globulins
administered to women with Rh negative blood type during pregnancy
contained thimerosal.
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Few studies have addressed co-occurring methylmercury (MeHg) from maternal origin and ethylmercury
(EtHg) from Thimerosal-containing vaccines (TCVs) during infant's neurodevelopment. We studied
children (n=1139) from the Western Amazon based on combined (low, intermediate. and high) exposure
to chronic MeHg from fish consumption and acute TCV- EtHg. Neurodevelopment outcomes were age of
walking and age of talking. and the Bayley Scale of Infant Development (BSID). The Mental Develop-
mental Index (MDI) and Psychomotor Developmental Index (PDI) were measured at six and 24 months of
age. Median hair-Hg (HHg) at birth was 6.4 pgg~"' in mothers, and 194 pg g~' in newborns; total
(pregnancy and infancy) EtHg exposure ranged from O to 187.5 pg. The combined (MeHg +EtHg) ex-
posure showed significant differences for MDI but not for PDI; however, there was a significant decrease
in both MDI and PDI scores at 24 months. The increase in BSID delays (scores < 80) between six and 24
months was not discernible with regards to EtHg or MeHg exposure. We found a statistically significant
increase in neurodevelopmental (BSID) delays related to the combined exposure to Hg (MeHg > EtHg).
Neurodevelopment delays due to low-doses of organic mercury (albeit undiscernible) are not predictable
but can be avoided by choosing low-Hg fish and providing Thimerosal-free vaccines.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

During developmental periods extending from prenatal stages,
the brain is more vulnerable to the adverse effects of toxic insults
than at more mature stages; however, experience-guided devel-

oment drives neuro-cognition achievements. Earl

food contaminated with organic Hg (both MeHg and EtHg)
showed impairment derived from neurological examination scores
and milestone (age of first walking and first talking) delays (Marsh
et al., 1987). Despite strong evidence of potential effects of low-
doses of Thimerosal/EtHg (Ceier et al., 2015), studies addressing
brain sus- onl 'l' CVEtH exposures and association with neurodevelop-

Amazonian children exposed to high and low levels of both

ethyl and methylmercury were assessed using the Mental
Developmental Index and Psychomotor Developmental Index.

Statistically significant differences were seen in the high

exposure group at 24 months in the mental developmental
index only. Combined exposures led to developmental delays
including the age of talking and the age of walking.
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ANCESTRY OF PINK DISEASE (INFANTILE ACRODYNIA) IDENTIFIED AS A RISK
FACTOR FOR AUTISM SPECTRUM DISORDERS

Kerrie Shandley, David W. Austin

Swinburne Autism Bio-Research Initiative (SABRI), Brain and Psychological Sciences Research
Centre, Swinburne University of Technology, Hawthorn, Victoria, Australia

Pink disease (infantile acrodynia) was especially prevalent in the first half of the 20th century.
Primarily attributed to exposure to mercury (Hg) commonly found in teething powders, the
condition was developed by approximately 1 in 500 exposed children. The differential risk
factor was identified as an idiosyncratic sensitivity to Hg. Autism spectrum disorders (ASD)
have also been postulated to be produced by Hg. Analogous to the pink disease experience,
Hg exposure is widespread yet only a fraction of exposed children develop an ASD, sug-
gesting sensitivity to Hg may also be present in children with an ASD. The objective of this
study was to test the hypothesis that individuals with a known hypersensitivity to Hg (pink
disease survivors) may be more likely to have descendants with an ASD. Five hundred and
twenty-two participants who had previously been diagnosed with pink disease completed a
survey on the health outcomes of their descendants. The prevalence rates of ASD and a variety
of other clinical conditions diagnosed in childhood (attention deficit hyperactivity disorder,
epilepsy, Fragile X syndrome, and Down syndrome) were compared to well-established gen-
eral population prevalence rates. The results showed the prevalence rate of ASD among the
grandchildren of pink disease survivors (1 in 25) to be significantly higher than the compara-
ble general population prevalence rate (1 in 160). The results support the hypothesis that Hg
sensitivity may be a heritable/genetic risk factor for ASD.

Pink disease, or infantile acrodynia as it
was also known (primarily in Europe and
America), was an especially prevalent condi-
tion in Australia, North America, and Central
Europe in the first half of the 20th century
(Rocaz 1933). The first description of pink dis-
ease in the literature dates back to 1903 by
Selter, a German physician, although cases in
Australia predate this time by at least two
decades (Selter 1903; Wood and Wood 1935).
Pink disease remained in relative obscurity in
the greater medical community until 1914,
when it was again described, this time by Swift,

an Australian-born physician, at an Australasian
medical congress in New Zealand (Swift 1914).

Case studies provided a comprehensive
clinical picture of pink disease long before
its etiology was established. The most com-
monly reported symptoms included: irritability,
neurosis, photophobia (light sensitivity), hyper-
hidrosis (excessive sweating), hypotonia (low
muscle tone), ataxia (lack of coordination),
digestive problems (including loss of weight,
loss of appetite, vomiting, and constipation),
anemia, excessive salivation, respiratory prob-
lems, lethargy, extreme misery, slurring/loss

The incidence of autism in ancestors of pink disease
survivors was significantly higher (1 in 22) than autism

incidence in the general population (1 in 160). The results
support the hypothesis that Hg sensitivity may be a

heritable/genetic risk factor for ASD.
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TOXICOLOGY OF NEURODEVELOPMENTAL DISORDERS

The role of mercury in the pathogenesis of autism

Molecular Psychiatry (2002) 7, S42-S43. doi:10.1038/
$j.mp.4001177

Autism Spectrum Disorder (ASD) is a neurodevelop-
mental disorder of unknown etiology in most cases.
Studies of monozygotic twins report an average 60%
concordance rate, indicating a role for both genetic and
environmental factors in disease expression.! Recent
reviews in environmental health have suggested that
early exposure to hazardous substances may underlie
some cases of neurodevelopmental disorders, includ-
ing ADHD, learning disabilities, and speech/language
difficulties.? In 1999, thimerosal used as a vaccine pre-
servative was identified as a widespread source of
organic mercury exposure in infants.? Mercury (Hg), a
heavy metal, is considered highly neurotoxic.* The
amount of mercury in vaccines, while small, exceeded
USEPA safety guidelines on a cumulative basis.” Cer-
tain individuals may exhibit severe adverse reactions
to low doses of Hg which are otherwise largely benign
to the majority of those exposed.® Some individuals
with idiopathic autism spectrum disorder may rep-
resent such a sensitive population. As summarized in
this paper, disease characteristics suggest this possi-
bility: (a) ASD traits are known to arise from mercury
exposure; (b) onset of ASD symptoms is temporally
associated with administration of immunizations; (c)
the reported increase in the prevalence of autism in the
1990s closely follows the introduction of two mercury-
containing vaccines; and (d) elevated mercury has been
detected in biological samples of autistic patients.
Since ASD may now affect as many as one in 150 US
children,® and since thimerosal is still used in many
products worldwide, confirmation of thimerosal as an
environmental agent in autism pathogenesis has
important societal and patient implications.
Thimerosal is comprised of 49.6% ethylmercury
(EtHg) by weight. Until early 2001, it was a component
of most Hepatitis B, Haemophilus influenzae type B
iD) and Tin rin/Tatanive /Da M ~Ar T D

the EtHg from the recommended vaccines is predicted
to raise hair mercury levels above USEPA guidelines
of 1 ppm for up to one year and, in some infants, to
elevate Hg levels to 10 ppm, which is the lowest thres-
hold for adverse outcomes in children exposed pre-
natally to MeHg.*” That thimerosal-containing vac-
cines can significantly raise blood Hg levels in infants
has been demonstrated in vivo.? Endpoints for adverse
effects at low doses of MeHg have been in domains
characteristic of ASD and include lowered perform-
ance on tests of attention, memory, language, and fine
motor skills.*?* A CDC analysis of computerized HMO
medical records found statistically significant associ-
ations between increased exposure to thimerosal from
infant immunizations and attention deficit disorder,
speech/language delay, and tics.'? Traits characteristic
of these disorders are common features of ASD.,*%

A review of medical literature has shown that
exposure to mercury, whether organic or inorganic, can
give rise to the symptoms and traits defining or com-
monly found in ASD individuals.?® Mercury can cause
impairments in social interaction, communication dif-
ficulties, and repetitive and stereotyped patterns of
behavior, which comprise the three DSM-IV autism
diagnostic criteria. Additionally, mercury can induce
features prominent in ASD such as sensory abnormali-
ties, emotional/psychological changes, movement dis-
order, impairments in abstract or complex thinking,
severe sleep disturbances, and self injurious behavior.
Males are more affected than females in both con-
ditions. Physiological abnormalities more common in
ASD populations and known to be caused by mercury
exposure include gastrointestinal problems, autonomic
nervous system disturbance, unusual EEG activity,
immune system alterations, irregularities in neuro-
transmitter systems, and non-specific brain lesions.

The discovery and increase in the reported preva-
lence of autism parallels the introduction and spread
of thimerosal-containing vaccines. Autism was first

This paper reports that traits of autism spectrum disorders are
known to arise from mercury exposure, onset of autistic symptoms
are temporally associated with administration of mercury
containing vaccines, the increasing prevalence of autism follows

the introduction of of mercury containing vaccines in infants, and
elevated levels of mercury have been documented in autistic
children.
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Autism: a novel form of mercury
poisoning

S. Bernard, A. Enayati, L. Redwood, H. Roger, T. Binstock

ARC Research, Cranford, New Jersey, USA

Summary Autism is a syndrome characterized by impairments in social relatedness and communication, repetitive
behaviors, abnormal movements, and sensory dysfunction. Recent epidemiological studies suggest that autism may
affect 1 in 150 US children. Exposure to mercury can cause immune, sensory, neurological, motor, and behavioral
dysfunctions similar to traits defining or associated with autism, and the similarities extend to neuroanatomy,
neurotransmitters, and biochemistry. Thimerosal, a preservative added to many vaccines, has become a major source
of mercury in children who, within their first two years, may have received a quantity of mercury that exceeds safety
guidelines. A review of medical literature and US government data suggests that: (i) many cases of idiopathic autism
are induced by early mercury exposure from thimerosal; (ii) this type of autism represents an unrecognized mercurial
syndrome; and (iii) genetic and non-genetic factors establish a predisposition whereby thimerosal's adverse effects
occur only in some children. ® 2001 Harcourt Publishers Ltd

INTRODUCTION

Austic spectrum disorder (ASD) is a neurodevelopmental
syndrome with onset prior to age 36 months. Diagnostic
criteria consist of impairments in sociality and communi-
cation plus repetitive and stereotypic behaviors (1). Traits
strongly associated with autism include movement dis-
orders and sensory dysfunctions (2). Although autism
may be apparent soon after birth, most autistic children
experience at least several months, even a year or more of
normal development - followed by regression, defined as
loss of function or failure to progress (2—4).

The neurotoxicity of mercury (Hg) has long been rec-
ognized (5). Primary data derive from victims of con-
taminated fish (Japan - Minamata disease) or grain
(Iraq, Guatemala, Russia); from acrodynia (Pink disease)
induced by Hg in teething powders; and from individual

mechanisms of Hg toxicity. More recently, the Food and
Drug Administration (FDA) and the American Academy
of Pediatrics (AAP) have determined that the typical
amount of Hg injected into infants and toddlers via
childhood immunizations has exceeded government
safety guidelines on an individual (6) and cumulative
vaccine basis (7). The mercury in vaccines derives from
thimerosal (TMS), a preservative which is 49.6% ethyl-
mercury (eHg) (7).

Past cases of HgP have presented with much inter-
individual variation, depending on the dose, type of mer-
cury, method of administration, duration of exposure,
and individual sensitivity. Thus, while commonalities
exist across the various instances of HgP, each set of vari-
ables has given rise to a different disease manifestation
(8—1 1). It is hypothesized that the regressive form of

The researchers report that several dozen signs and symptoms of
mercury poisoning were identical to the symptoms used to define

and diagnose autism. A comprehensive analysis is included on the
comordities of autism and their corresponding analogs due to
mercury exposure.
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The neuropathogenesis of mercury toxicity

Molecular Psychiatry (2002) 7, S240-S41. doi:10.1038/
sj.mp.4001176

Elemental and inorganic mercury (Hg) are found in
scientific instruments, electrical equipment, dental
amalgams, felt making, disinfectants, production of
caustic soda, and disk batteries. Environmental Hg con-
tarnination has increased dramatically since the begin-
ning of the Industrial Revolution. The largest contribu-
tor to atmospheric contamination is coal burning.
Mining, smelting, and refining processes also contrib-
ute locally to Hg contamination. Through natural pro-
cesses and direct commercial discharge, most Hg
settles in the marine environment. In the waterways,
methylation of inorganic mercury to methylmercury
(MeHg) leads to its accumulation in the food chain.
Anthropogenic sources resulting in the acidification of
freshwater streams and lakes, and the impoundment
of water for large hydroelectric schemes have led to
increasingly higher MeHg concentrations in fish. A
considerable degree of bio-concentration takes place as
MeHg moves up the aquatic food chain. Most marine
fish contain <0.5 ppm MeHg, but sharks, sailfish, mar-
lin, and other billfish frequently have levels of over 1
ppm. When local waters are polluted with MeHg, lev-
els may be much higher.

The clinical manifestations of organic mercury poi-
soning depend on the type of Hg compound involved.
Ethylmercury (EthylHg; the additive in thimerosal)
mimics the neurotoxicity of MeHg, whereas phenyl-
mercury mimics the toxicity of inorganic Hg salts.
MeHg, at high concentrations, causes a toxic encepha-
lopathy with severe congenital form resulting from pre-
natal exposure. The correlation between clinical symp-
toms and whole blood Hg depends both on the Hg
species and/or the duration of exposure. Whole-blood
mercury levels are the best measure of recent inorganic
Hg and elemental Hg vapor absorption. Normal blood
levels of Hg do not exceed 1-3 ug dl~. Hair analysis
indicates past exposure, and the Hg blood to hair ratio
is ~2:250.

Comparative studies on the neurotoxicity of MeHg
and EthylHg are limited. Three or 10 days after the last
of five treatments with either 8.0 or 9.6 mg EthylHg
kg™, rats had higher total or organic Hg concentrations
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little difference in the neurotoxicity of MeHg and
EthylHg.*

Given that contaminated fish represent a common
source for human MeHg exposure, considerable atten-
tion in the scientific and health policy fora is focused
on the question of whether MeHg intake from a diet
high in fish is associated with aberrant CNS function.
The human database on the neurodevelopmental
effects of MeHg is extensive, and has been recently
summarized by the National Research Council.? These
studies provide little evidence that the ages at which
children achieve major language and motor milestones
are affected appreciably by low-dose prenatal MeHg
exposure.? An association of low-dose MeHg exposure
on early childhood development was reported in only
two of the four studies using the Denver Developmen-
tal Screening Test. The Faroes study reports associ-
ations between low-dose prenatal MeHg exposure and
children’s performance on standardized neuro-
behavioral tests, particularly in the domains of atten-
tion, fine-motor function, confrontational naming, vis-
ual-spatial abilities, and verbal memory, but it is the
only one to report such effects of the three major pro-
spective long-term studies. In contrast, the Seychelles
study failed to reveal such associations. The smaller
New Zealand study also observed associations, as did
a large pilot study conducted in the Seychelles.?

In 1957, Margoshes and Vallee reported the isolation
of a protein from horse kidney, which showed a high
affinity for cadmium.® This protein was subsequently
biochemically characterized, and, due to its high con-
tent of metals and cysteine residues, it was named met-
allothionein {MT). Putative physiological functions,
such as transport and storage of essential heavy metals
(zinc, copper) and detoxification of non-essential ones
(mercury) were proposed. The ability of heavy metals
to induce MT synthesis was described by Piscator,?
demonstrating increased MT levels in the livers of rab-
bits exposed to cadmium. This form of regulation has
been recognized in all species and cells that synthesize
MTs. MT synthesis is inducible in several tissues by a
variety of heavy metal ions, such as Cd, Pb, Zn, Co and
Hg.® Although the number of studies on the ability of
MTs to protect against neurotoxicity is rather limited,
recent reports corroborate the cytoprotective effects of

these prnteins. For examnle. in an ischemic exneri-
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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 Mason?®, BS Parker®, S Sukumar?, S Shim',
A Sharma', JM Benzecry', V-A Power-Charnitsky' and RC Deth'

' Department of Phanmaceutical Sciences, Northeastern University, Boston, MA 02115, USA?Biochemistry Department,
University of Nebraska, Lincoln, NE 68588, USA; *Vitamin Metabolism Laboratory, USDA Human Nutrition Research Center
on Aging at Tufts University, Boston, MA 02111, USA: “ Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins,
Baltimore, MD 21231, USA

Methylation events play a critical role in the ability of growth factors to promote normal
development. Neurodevelopmental toxins, such as ethanol and heavy metals, interrupt growth
factor signaling, raising the possibility 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 folate-dependent methylation of phospholipids in SH-SY5Y human
neuroblastoma cells, via a PI3-kinase- and MAP-kinase-dependent mechanism. The stimula-
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
its effect on DNA methylation, whereas it did not inhibit the effects of dopamine. Metal ions
potently affected IGF-1 and dopamine-stimulated MS activity, as well as folate-dependent
phospholipid methylation: Cu?* promoted enzyme activity and methylation, while Cu*, Pb?*,
Hg?* and AR+ were inhibitory. The ethylmercury-containing preservative thimerosal inhibited
both IGF-1- and dopamine-stimulated methylation with an ICg of 1 nM and eliminated MS
activity. Our findings outline a novel growth factor signaling pathway that regulates MS activity
and thereby modulates methylation reactions, including DNA methylation. The potent
inhibition of this pathway by ethanol, lead, mercury, aluminum and thimerosal suggests that
it may be an important target of neurodevelopmental toxins.

Molecular Psychiatry advance online publication, 27 January 2004; doi:10.1038/sj.mp.4001476

Keywords: autism; attention deficit hyperactivity disorder; P13-kinase; D4 dopamine receptor;
DNA methylation; phospholipid methylation; lead; mercury

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

This study shows that a novel 'growth factor signalling pathway

volved. The development disorders can also be
caused by exposure to toxins (eg ethanol, in
fetal alcohol syndrome; heavy metals, in lead
poisoning).5® although the precise mechanisms un-
derlying their toxicity are not known. The recent
increase in the incidence of autism has led to
the speculation that environmental exposures includ-
ing vaccine additives (ie aluminum and the ethylmer-
cury-containing preservative thimerosal) might
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regulates methionine synthase (MS) activity and thereby modulates
methylation reactions. The potent inhibition of this pathway by
ethanol, lead, mercury, aluminum and thimerosal suggests that it

may be an important target of these neurodevelopmental toxins.
- Abnormalities in the methionine synthase pathway have previously
been implicated in the development of autism.
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Biochemical and molecular basis of thimerosal-induced
apoptosis in T cells: a major role of mitochondrial

pathway

S Makani, S Gollapudi, 1. Yel, S Chiplunkar and S Gupta

Cellular and Molecular Inmunology Laboratories, Division of Basic and Clinical Immmunology, Universily of California, Irvine, CA

92697, USA

The major source of thimerosal (ethyl mercury thiosalicylate) exposure is childhood vaccines. It is believed that the
children are exposed to significant accumulative dosage of thimerosal during the first 2 years of life via immunization.
Because of health-related concerns for exposure to mercury, we examined the effects of thimerosal on the biochemical
and molecular steps of mitochondrial pathway of apoptosis in Jurkat T cells. Thimerosal and not thiosalcylic acid (non-
mercury component of thimerosal), in a concentration-dependent manner, induced apoptosis in T cells as determined by
TUNEL and propidium iodide assays, suggesting a role of mercury in T cell apoptosis. Apoptosis was associated with
depolarization of mitochondrial membrane, release of cytochrome ¢ and apoptosis inducing factor (AlF) from the
mitochondria, and activation of caspase-9 and caspase-3, but not of caspase-8. In addition, thimerosal in a concentration-
dependent manner inhibited the expression of XIAP, clAP-1 but did not influence clAP-2 expression. Furthermore,
thimerosal enhanced intracellular reactive oxygen species and reduced intracellular glutathione (GSH). Finally, exogenous
glutathione protected T cells from thimerosal-induced apoptosis by upregulation of XIAP and clAP1 and by inhibiting
activation of both caspase-9 and caspase-3. These data suggest that thimerosal induces apoptosis in T cells via
mitochondrial pathway by inducing oxidative stress and depletion of GSH.

Genes and Immunity (2002) 3, 270-278. doi:10.1038/sj.gene.6363854

Keywords: mitochondria; glutathione; caspases,; cytochrome c; apoptosis-inducing factor; oxidative stress

Introduction

Apoptosis is a physiological form of cell suicide that
plays a role in embryogenesis, metamorphosis, cellular
homeostasis, and as a defensive mechanism to remove
infected, mutated, or damaged cells. In the immune sys-
tem, apoptosis plays an important role in the selection
of T cell repertoire, deletion of self-reactive lymphocytes,
natural killer (NK)- and T cell-mediated cytotoxicity, and
termination of response at the end of an immune
response.’? There are two major pathways of apoptosis:
the death receptor pathway and the mitochondrial path-
way ! There is recent evidence to suggest that these
two pathways may be linked in certain cell types.*1%1! In
both pathways, a series of molecular and biochemical
steps leads to the activation of common effector or
executioner cysteine proteases, the caspases resulting in
the cleavage of a number of nuclear and cytoplasmic sub-
strates, including those responsible for the maintenance
of nuclear integrity, cell cycle progression, and DNA

sodium ethylmercuri-thiosalicylate) is a water-soluble
derivative of thiosalicylic acid with antimicrobial activity.
Thimerosal is used as an antimicrobial agent and a pre-
servative in cleaning solutions for eye lenses, cosmetics,
and vaccines. It is estimated that an infant could be
exposed to as high as 187.5 g of ethylmercury from the
routine immunization schedule.? Because of health-
related concern from exposure to Hg from thimerosal-
containing vaccines, the American Academy of Family
Physicians, the American Academy of Pediatrics, the
Advisory Committee on Immunization Practices (ACIP),
and the United States Public Health Service have pub-
lished their recommendations to remove and greatly
reduce thimerosal from vaccines a soon as possible.’? Hg
has been shown to induce a number of immunological
and neurotoxic changes, including increased production
of Th2 cytokines, increased levels of IgE, decreased
activity of T cells and NK cell, suppression of IgG, pro-
duction of autoantibodies to a variety of self antigens (eg,
neural antigens), and apoptosis in _microglia and astro-

This study shows that thimerosal causes cell death in T lymphocytes
(immune cells) via a mitochondrial depolarization mechanism.

Mitochondrial depolarization is a hallmark of mitochondrial
dysfunction which affects up to 30% of children with autism.
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Mercury induces inflammatory mediator release
from human mast cells

Duraisamy Kempuraj', Shahrzad Asadi', Bodi Zhang', Akrivi Manola', Jennifer Hogan', Erika Peterson”,
Theoharis C Theoharides'3#>*

Abstract

Background: Mercury is known to be neurotoxic, but its effects on the immune system are less well known. Mast
cells are involved in allergic reactions, but also in innate and acquired immunity, as well as in inflammation. Many
patients with Autism Spectrum Disorders (ASD) have “allergic” symptoms; moreover, the prevalence of ASD in
patients with mastocytosis, characterized by numerous hyperactive mast cells in most tissues, is 10-fold higher than
the general population suggesting mast cell involvernent. We, therefore, investigated the effect of mercuric
chloride (HgClo) on human mast cell activation.

Methods: Human leukemic cultured LAD2 mast cells and normal human umbilical cord blood-derived cultured
mast cells (hCBMCs) were stimulated by HgCl2 (0.1-10 M) for either 10 min for beta-hexosaminidase release or
24 hr for measuring vascular endothelial growth factor (VEGF) and IL-6 release by ELISA.

Results: HgCl, induced a 2-fold increase in 3-hexosaminidase release, and also significant VEGF release at 0.1 and
1 M (311 + 32 pg/10° cells and 443 + 143 pg/10° cells, respectively) from LAD2 mast cells compared to control
cells (227 + 17 pg/10° cells, n = 5, p < 0.05). Addition of HgCla (0.1 uM) to the proinflammatory neuropeptide
substance P (SP, 0.1 pM) had synergestic action in inducing VEGF from LAD2 mast cells. HgCl, also stimulated
significant VEGF release (360 + 100 pg/10° cells at 1 uM, n = 5, p < 0.05) from hCBMCs compared to control cells
(182 % 57 pg/10° cells), and IL-6 release (466 + 57 pg/10° cells at 0.1 uM) compared to untreated cells (13 + 25
pg/106 cells, n =5, p < 0.05). Addition of HgCl, (0.1 uM) to SP (5 puM) further increased IL-6 release.

Conclusions: HgCl, stimulates VEGF and IL-6 release from human mast cells. This phenomenon could disrupt the
blood-brain-barrier and permit brain inflammation. As a result, the findings of the present study provide a
biological mechanism for how low levels of mercury may contribute to ASD pathogenesis.

Background behavioral dysfunction similar to those associated with
Heavy metals such as mercury result in neurological ~Autism Spectrum Disorders (ASD) [2]. The possible role

ln)uly that may lead to developmental defects, perlph— of mercury used as preservative in vaccines [2] has been
i debated exte but most epide ogical, studies do

Inflammatory mediator release is much more common in the
mast cells of autistic chidren than compared to non-autistic
controls. Human cultured mast cells treated with mercuric
chloride showed higher levels of inflammatory mediator

release as compared to untreated controls. This may
provide clues as to how thimerosal exposure could stimulate
mastocytosis, which has a higher prevalence in autistic
subjects.
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Thimerosal Induces DNA Breaks, Caspase-3 Activation, Membrane
Damage, and Cell Death in Cultured Human Neurons and Fibroblasts
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Thimerosal is an organic mercurial compound used as a preser-
vative in biomedical preparations. Little is known about the reac-
tions of human neuronal and skin cells to its micro- and nanomo-
lar concentrations, which can occur after using thimerosal-
containing products. A useful combination of fluorescent
techniques for the assessment of thimerosal toxicity is introduced.
Short-term thimerosal toxicity was investigated in cultured human
cerebral cortical neurons and in normal human fibroblasts. Cells
were incubated with 125-nM to 250-uM concentrations of thimer-
osal for 45 min to 24 h. A 4’, 6-diamidino-2-phenylindole dihy-
drochloride (DAPI) dye exclusion test was used to identify non-
viable cells and terminal transferase-based nick-end labeling
(TUNEL) to label DNA damage. Detection of active caspase-3 was
performed in live cell cultures using a cell-permeable fluorescent
caspase inhibitor. The morphology of fluorescently labeled nuclei
was analyzed. After 6 h of incubation, the thimerosal toxicity was
observed at 2 uM based on the manual detection of the fluorescent
attached cells and at a 1-uM level with the more sensitive GENios
Plus Multi-Detection Microplate Reader with Enhanced Fluores-
cence. The lower limit did not change after 24 h of incubation.
Cortical neurons demonstrated higher sensitivity to thimerosal
compared to fibroblasts. The first sign of toxicity was an increase
in membrane permeability to DAPI after 2 h of incubation with
250 uM thimerosal. A 6-h incubation resulted in failure to exclude
DAPI, generation of DNA breaks, caspase-3 activation, and de-
velopment of morphological signs of apoptosis. We demonstrate
that thimerosal in micromolar concentrations rapidly induce
membrane and DNA damage and initiate caspase-3—-dependent
apoptosis in human neurons and fibroblasts. We conclude that a
proposed combination of fluorescent techniques can be usetul in
analyzing the toxicity of thimerosal.

Key Words: thimerosal; active caspase-3: apoptosis; toxicity;
neurons; fibroblasts; DNA breaks: membrane damage; DAPI.

ranging from 0.003 to 0.01% (30-100 pg/ml) (Ball et al.,
2001). Thimerosal contains 49.6 % mercury by weight and
releases ethylmercury as a metabolite. In the body, ethylmer-
cury can be converted to inorganic mercury, which then pref-
erentially accumulates in the kidneys and brain (Blair ef al.,
1975). Inorganic mercury is known to induce membrane and
DNA damage (Ferrat et al., 2002; Ben-Ozer et al., 2000), and
in cell culture conditions it was shown to be mutagenic and
generate DNA breaks in concentrations below 500 nM {Schurz
et al., 2000). Ethylmercury can significantly increase the con-
centration of inorganic mercury in many organs (Magos et al.,
1985). After in vivo administration, ethylmercury passes
through cellular membranes and concentrates in cells in vital
organs, including the brain, where it releases inorganic mer-
cury, raising its concentrations higher than equimolar doses of
its close and highly toxic relative methylmercury (Magos et al.,
1985).

However, little is known about acute reactions of various
types of human cells following short-time exposure to thimer-
osal in micro- and nanomolar concentrations.

In this paper we used a convenient and easily reproducible
combination of fluorescent techniques analyzing various mark-
ers of DNA and membrane damage, and investigated the
toxicity of micromolar and nanomolar concentrations of
thimerosal (125 nM-250 uM) occurring in the first 24 h of
exposure in cultures of human cortical neuronal cells and in
human fibroblasts.

We found that thimerosal in micromolar concentrations rap-
idly decreased cellular viability. Within several h after thimer-
osal administration, cells lost their capability to exclude the
fluorescent dye 4',6-diamidino-2-phenylindole dihydrochlo-

The study authors found that thimerosal exposure at micromolar levels
initiates a cascade of events leading to cell death in human neurons and
fibroblasts. Cell death is preceded by DNA breakage, caspase-3 activation
and mitochondrial membrane depolarization. The levels of thimerosal

exposure in this study were less than four times the levels received that were
administered to infants up to 6 months of age receiving the CDC
recommended schedule of vaccines in the 1990’s.
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Metabolic biomarkers of increased oxidative stress and impaired
methylation capacity in children with autism’-?

S Jill James, Paul Cutler, Stepan Melnyk, Stefanie Jernigan, Laurette Janak, David W Gaylor, and James A Neubrander

ABSTRACT

Background: Autism is a complex neurodevelopmental disorder
that usually presents in early childhood and that is thought to be
influenced by genetic and environmental factors. Although abnor-
mal metabolism of methionine and homocysteine has beea associ-
ated with other neurologic diseases, these pathways have not been
evaluated in persons with autism,

Objective: The purpose of this study was to cvaluate plasma con-
centrations of metabolites in the meathionine tranemethylation and
transsulfuration pathways in childrea diagnosed with autism.
Design: Plasms concentrations of methiomine, S-adenosylmethionine
(SAM), S-edenosylbomacy<rine (SAH), adenosine, hamocysteine,
cystathiamine, cyswine, and axidized and reduced ghitathione were
measured in 20 children with antism and in 33 control children. On the
‘basis of the abmormal metsbolic profile, a targeted nutritionsl interven-
tion trial with falinic acid, betaine, and methylcobalamin was imtiated
in a subset of the autistic children.

Results: Relative to the control children, the children with autism
had significantly lower baseline plasma concentrations of methio-
nine, SAM, homocysteine, cystathionine, cysteine, and total gluta-
thione and gignificantly higher concentrations of SAH, adenosine,
and oxidized glutathiane. This metsbolic profile is consistent with
impaired capacity for methylation (sigunificently lower ratio of SAM
to SAH) and increascd oxidative stress (significantly lower redox
ratio of reduced glutathione to oxidized glutathione) in children with
autism. The intervention trial was effective in normalizing the met-
aholic imbalance in the autistic children.

Condusions: An increased vulnerability %o oxidative stress and a
decreased capacity for methylation may contribute to the develop-

ment and clinical manifestation of autism. Am J Clin Nutr 2004;
80:1611-7.
KEY WORDS Auntistic disorder, biomarkcrs, oxidative stress,

methylation, methionine, S-adenosylmethionine, S-adcaosylhomo-
cysteine, adenosine, cysteine, glutathione

males than females, occurring at a ratio of 4:1. A significant role
for genetics in the etiology of the autistic disorder is supported by
a high concordance of autism between monozygotic twins and
increased risks among siblings of affected children and of autistic
symptoms associaticd with several heritable genetic diseases
[see: Online Mendelian Inheritance in Man (OMIM) #209850
(autism; 5)]. Autism has been reported to be a camorbid condi-
tion associated with Rett syndrome (5), fragile X (6), phenyl-
ketonurca (7), adenylosuccinate lyase deficiency (8), dihydro-
pyrimidine dehydrogenase deficiency (9), and 5’'-nucleotidase
hyperactivity (10); however, these genetic diseases accoant for
<10% of cases of autism. Nonetheless, the association of autism
with genetic deficits in specific enzymes suggests the possibility
that the genetic component of primary autism could be expressed
as a chronic metabolic imbalance that impairs normal neurode-
velopment and immunologic function. The possibility that au-
tism has a metabolic phenotype is less widely accepted but has
been supported by several small studies (9, 11-14).

The current study was prompted by the serendipitous obser-
vation ina previous study that the metabolic profiles of dizygotic
twins—one with Down syndrome and one with autism—were
virtually identical with respect to methionine cycle and transsul-
furation metabolites (15). Down syndrome, or trisomy 21, is a
complex genetic and metabolic disease due to the presence of 3
copies of chrumosome 21 and associsted with an increased fre-
quency of autism (16). In our previous study, children with Down
syndrome had lower concentrations of mewabolites in the methi-
onine cycle and significantly lower glutathione concentrations
than did control childcen (15).

The methionine cycle involves the regeneration of methionine
via the vitamin B-12-dependent transfer of a methyl group from
S-methyltetrabrydrofolate to homocysteine in the methionine syn-
thase reaction. Mcthioninc may then be activated by methionine
adenosyluansferase to form S-adenosylmethionine (SAM), the pri-
mary methyl donor for most cellular methytransferase reactions
including the methylation of DNA, RNA, proteins, phospholipids,

- Children with autism have a diminished r'n'ethylation cébacity I?éading
- to higher sustained levels of oxidative stress, due to deficiencies

primarily in glutathione. Thimerosal containing vaccines produce a

merCury.

- very high level of oxidative stress in the body upon administration.
Glutathlone is ssentlal in processmg and effectively removing

of glutathione put children with
gical injury from exposure to
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Thimerosal Neurotoxicity is Associated with
Glutathione Depletion: Protection with
Glutathione Precursors
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Abstract

Thimerosol is an antiseptic containing 49.5% ethyl mercury that has been used for yvears as a preservative in many
infant vaccines and in flu vaccines. Environmental methyl mercury has been shown to be highly newrotoxic, especially 1o
the developing brain. Because mercury has a high affinity for thiol (sulfhiydryl (=SH)) groups. the thiol-containing
antioxidant, glutathione (GSH), provides the major intracellular defense against mercury-induced neurotoxiciry.
Cultured newroblastoma cells were found to have lower levels of GSH and increased sensitivity 1o thimerosol toxicity
compared to glioblastoma cells that have higher basal levels of intracellular GSH. Thimerosal-induced cytotoxicity was
associated with depletion of intracellular GSH in both cell lines. Pretreatment with 100 uM glutathione ethyl ester or N-
aceryleysteine (NAC), but not methionine, resulted in a significant increase in intracellular GSH in both cell types.
Further, pretreatment of the cells with gluathione ethyl ester or NAC prevented cytotoxicity with exposure to 15 uM
Thimerosal. Although Thimerosal has been recently removed from most children’s vaccines, it is still present in flu
vaccines given to pregnant women, the elderly, and to children in developing countries. The potential protective effect of
GSH or NAC against mercury toxicity warranis further research as possible adjunct therapy to individuals still receiving
Thimerosal-containing vaccinations.

© 2004 Elsevier Inc. All rights reserved.

Keywords: Thimerosal; Neurotoxicity; Glutathione; N-acetylcysteine

is study investigated the cellular response to thimerosal toxicity.
The authors reported a very profound decrease in intracellular
glutathione levels. Earlier research by this same author showed that
autistic children had significantly lower glutathione levels as

compared to neurotypical control children. Glutathione is the
bodies natural defense mechanism critical in removing
environmental toxicants. Low levels of glutathione in children with
autism make them more vulnerable to injury from mercury
exposure.
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Abstract

Environmental exposure to mercurials continues to be a public health issue due to their deleterious effects on immune,
renal and newrological function. Recently the safety of thimerosal, an ethyl mercury-containing preservative used in
vaccines, has been questioned due to exposure of infants during imnumization. Mercurials have been reported to cause
apoptosis in cultured newrons; however; the signaling pathways resulting in cell death have not been well charucterized.
Therefore, the objective of this study was 1o identify the mode of cell death in an in vitro model of thimerosal-induced
neuwrotoxicity, and more specifically, 1o elucidate signaling patlwways which might serve as pharmacological targets.
Within 2 I of thimerosal exposure (5 pM) 1o the human neuroblastoma cell line, SK-N-SH, morphological changes.
including membrane alterations and cell shrinkage, were observed. Cell viability, assessed by measurement of lactate
dehydrogenase (LDH) activity in the medium, as well as the 3-{4,5-dimethylthiazol-2-yl]-2,5-diphenylietrazolium
bromide (MTT) assay. showed a time- and concentration-dependent decrease in cell survival upon thimerosal exposure.
In cells treated for 24 I with thimerosal, fluorescence microscapy indicated cells undergoing both apoptosis and oncosis/
necrosis. To identify the apoptotic pathway associated with thimerosal-mediated cell death, we first evaluated the
mitochondrial cascade, as both inorganic and organic mercurials have been reported 1o accrmulate in the organelle.
Cvtochrome ¢ was shown to leak from the mitochondria, followed by caspase 9 cleavage within 8 h of treatment. In
addition, poly(ADP-ribose) polymerase (PARP) was cleaved to form a 85 kDa fragment following maximal caspase 3
activation at 24 h. Taken together these findings suggest deleterious effects on the cytoarchitecture by thimerosal and
initiation of mitochondrial-mediated apoptosis.

© 2005 Elsevier Inc. All rights reserved.

The study authors report a mechanism for human cell death from

accumulation of organic and inorganic mercury in the mitochondria.
This was followed by cytochrome c leakage from the mitochondria

and caspase 9 activation, which induces mitochondrial
depolarization. Mitochondrial dysfunction is also a known co-
morbid condition associated with autism.

0161-813X/$ — see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.neuro.2005.03.008
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Thimerosal induces neuronal cell apoptosis by
causing cytochrome c and apoptosis-inducing
factor release from mitochondria
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Abstract. There is a worldwide increasing concern over the
neurological risks of thimerosal (cthylmercury thiosalicylate)
which is an organic mercury compound that is commonly
used as an antimicrobial preservative. In this study, we show
that thimerosal, at nanomolar concentrations, induces neuronal
cell death through the mitochondrial pathway. Thimerosal, in
a concentration- and time-dependent manner, decreased cell
viability as assessed by calcein-ethidium staining and caused
apoptosis detected by Hoechst 33258 dye. Thimerosal-induced
apoptosis was associated with depolarization of mitochondrial
membrane. generation of reactive oxygen specics. and
release of cytochrome ¢ and apoptosis-inducing factor (AIF)
from mitochondria to cytosol. Although thimerosal did not
affect cellular expression of Bax at the protein level, we
observed translocation of Bax from cytosol to mitochondria.
Finally, caspase-9 and caspase-3 were activated in the absence
of caspase-8 activation. Our data suggest that thimerosal causes
apoptosis in neuroblastoma cells by changing the mitochondrial
microenvironment.

Introduction

Apoptosis is a physiological form of cell suicide that plays a
role in embryogencsis, metamorphosis, cellular homeostasis,
and as a defensive mechanism to remove infected, mutated,
or damaged cclls (1,2). Apoptosis is characterized by loss
of cellular contact with the matrix, cytoplasmic contraction,

chromatin condensation, plasma membrane blebbing, and
DNA fragmentation into large and small oligosomes. Apo-
ptosis takes piace through the death receptors (3-6) and/or
involvement of the mitochondrial pathway (7,8), with
molecular and biochemical steps lcading to the activation of
common effector or executioner cysteine protecases, the
caspases resulting in the cleavage of a number of nuclear and
cytoplasmic substrates that culminate in apoptosis. Because
of the role of apoptosis in cellular homeostasis. disorders of
apoptosis result in either the accumulation of abnormal cells,
leading to cancer and autoimmunity, or in the loss of cells,
leading to immunodeficiency and ncurodegenerative discases
9).

There is an increasing concern throughout the world
about the risks of environmental exposure 10 mercury,
which is ubiquitously found in fish, dental amalgams. and in
preservatives (10-17). One of the mercury compounds that
has recently come to public attention, because of its wide
usage as an antibacterial and antifungal preservative in
biomedical products and vaccines, is thimerosal (10-12).
Thimerosal (cthylmercury salicylate) contains 49.6% mercury
by weight and is metabolized to ethylmercury and thio-
salicylate (15). In the body, cthylmercury readily passes
through cellular membranes and concentrates in vital tissue
and organs, including the central nervous system where it
can cxert its toxicity over a prolonged period of time (12,16).
However, the effects of thimerosal on neuronal cell functions,
especially on apoptosis, are poorly understood and largely
unexplored.

During the last decade, there has been a better under-

Thimerosal at levels comparable to infant exposure from
vaccines caused neuronal cell death through changing the
mitochondrial microenvironment. Thimerosal induced cell
death was associated with mitochondrial depolarization and a

significant level of reactive oxidative stress in the cells. Both
mitochondrial dysfunction and increased levels of oxidative
stress have been documented to occur in individuals with
autism.
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In Vitro Uptake of Glutamate
in GLAST- and GLT-1-Transfected
Mutant CHO-K1 Cells Is Inhibited
by the Ethylmercury-Containing
Preservative Thimerosal
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The present study demonstrates that micromolar concentrations of
thimerosal significantly inhibit (¥p<0.01) the transport of glutamate by
the Na+-dependent astrocytic glutamate transporters GLAST (EAAC1)
and GLT-1 (EAAC2). These data corroborate previous studies by Aschner
et al. (1990), Albrecht et al. (1993), and Brooks and Kristt (1989), which
showed that exposure to both inorganic and organic mercurials results
in a significant decrease in glutamate uptake in primary cultures of rat

and mouse cerebral cortical astrocytes. Overall, the study provides
direct evidence for the potential of thimerosal to alter glutamate
homeostasis in the CNS. Individuals across the spectrum of ASD have
regionally specific abnormalities in subcortical glutamatergic
neurotransmission that are associated

with variation in social development (Horder, et al. 2013).
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Uncoupling of ATP-Mediated Calcium Signaling and Dysregulated
Interleukin-6 Secretion in Dendritic Cells by Nanomolar Thimerosal
Samuel R. Goth,"2 Ruth A. Chu,2 Jeffrey P. Gregg,’34 Gennady Cherednichenko,? and Isaac N. Pessah?.24
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Dendritic cells (DCs), a rare cell type widely distributed in the soma, are potent antigen-presenting
cells that initiate primary immune responses. DCs rely on intracellular redox state and calcium
(Ca?*) signals for proper development and function, but the relationship between these two signal-
ing systems is unclear. Thimerosal (THI) is a mercurial used to preserve vaccines and consumer
products, and is used experimentally to induce Ca2* release from microsomal stores. We tested
adenosine triphosphate (ATP)-mediated Ca?* responses of DCs transiently exposed to nanomolar
THI. Transcriptional and immunocytochemical analyses show that murine myeloid immature DCs
(IDCs) and mature DCs (MDCs) express inositol 1,4,5-trisphosphate receptor (IP3R) and ryanodine
receptor (RyR) Ca?* channels, known targets of THI. IDDCs express the RyR1 isoform in a punctate
distribution that is densest near plasma membranes and within dendritic processes, whereas 1PsRs
are more generally distributed. RyR1 positively and negatively regulates purinergic signaling because
ryanodine (Ry) blockade «) recruited 80% more ATP responders, 6) shortened ATP-mediated Ca2*
transients > 2-fold, and ¢) produced a delayed and persistent rise (= 2-fold) in baseline Ca2*. THI
(100 nM, 5 min) recruited more ATP responders, shortened the ATP-mediated Ca®* transient
(= 1.4-fold), and produced a delayed rise (= 3-fold) in the Ca?* baseline, mimicking Ry. THI and
Ry. in combination, produced additive effects leading to uncoupling of IP;R and RyR1 signals. THI
altered ATP-mediated interleukin-6 sccretion, initially enhancing the rate of cytokine secretion but
suppressing cytokine secrction overall in DCs. DCs are exquisitely sensitive to THI, with one
mechanism involving the uncoupling of positive and negative regulation of Ca® signals contributed
by RyR1. Key words: calcium, calcium channel, dendritic cell, ethyl mercury, immunotoxicity, inter-
leukin-6, organic mercury, redox, thimerosal. Environ Health Perspecr 114:1083-1091 {(2006).
doi:10.1289/ehp.8881 available via hup:/fe.doi.org/ [Online 21 March 2006)

Recent animal and hunan studies have under-
scored the strong intluence of genetic, epi-
genetic. and physiologic factors in defining
susceptibility of the immune system to
methylmercury (MelHg) and ethylmercury
(EtHg) (Havarinasab and Hultman 2005;
Lawler et al. 2004; Silbergeld et al. 2005).
Immune dysregulation triggered by organic
mercury can include suppression, stimulation,
loss of tolerance, and generation of auto-
antbodies. Therefore, the pattern of immuno-
toxicity induced by organic mercury is likely
to depend not only on the chemical form,
timing, and dose to which an individual is
exposed but also on susceptibility factors that
are poorly understood at present. Thus, signif-
icant attention is currently focused on identi-

consist of a few cases of accidental high-dose
poisoning (Cinca et al. 1980; Damluji 1962;
Zhang 1984). Autention has been focused on
THI in vaccines, where it is used as a preserv-
ative for multiuse formulations. THI was
withdrawn from pediatric vaccines starting in
1999 (Centers for Disease Control and
Prevention 1999) over concerns that organic
mercury is a known neurodevelopmental tox-
icant. Nevertheless, THI is still used in
influenza, diphtheria toxoid, diphtheria tox-
oid and acellular pertussis (DTaP), and
tetanus toxoid vaccines. The hypothesis that
THI can cause neurodevelopmental disorders
was tested by injecting THI and THI-con-
taining vaccines into inbred strains of young
mice (Hornig et al. 2004). Growth, behav-

to naive and resting T cells (Banchereau and
Steinman 1998). This hypothesis stems from
the fact that ambient oxygen (O,) tension or
thiol concentration directly influences DC
secretion of interferon-y (IFN-y) and inter-
leukin-12 (IL-12) (Murata et al. 2002),
enhances expression of FceR1, the high affin-
ity receptor for IgE (Novak et al. 2002), and
regulates surface class Il major histo-
compatibility complex (MHC) expression
(Goth et al. 2006) in vitro. In this regard,
Ca?* contributes essential signals for DC
function and maturation. Differentiation
(Bagley et al. 2004), pro-intflammatory
cytokine secretion (Gardella et al. 2000),
apoptotic cell phagocytosis (Poggi et al.
1998), and migrational responsiveness to
purine nucleotides or chemokines (Partida-
Sanchez et al. 2004: Scandella et al. 2004) are
Ca?*-dependent processes. DCs rely on
changes in intracellular redox state and Ca?*
signals for proper development and function,
bur the relationship between these signaling
systems in DCs is unclear.

THI contains an oxidized mercury atom
(Hgl’) whose redox properties can enhance
the activity of the inositol 1,4,5-trisphosphate
receptor (IP3R) and ryanodine receptor
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Dendritic cells treated with low levels of thimerosal, comparable to
that seen via vaccine exposure, showed dysregulation in immune

cytokine production. Dendritic cells play a role the determination of
“self” and “non-self” cells and therefore in autoimmunity.
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Thiol-Modulated Mechanisms of the Cytotoxicity of Thimerosal and
Inhibition of DNA Topoisomerase Io
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Thimerosal is an organic mercury compound that is widely used as a preservative in vaccines and
other solution formulations. The use of thimerosal has caused concern about its ability to cause neurological
abnormalities due to mercury accumulation during a normal schedule of childhood vaccinations. While
the chemistry and the biological effects of methylmercury have been well-studied, those of thimerosal
have not. Thimerosal reacted rapidly with cysteine, GSH, human serum albumin, and single-stranded
DNA to form ethylmercury adducts that were detectable by mass spectrometry. These results indicated
that thimerosal would be quickly metabolized in vivo because of its reactions with protein and nonprotein
thiols. Thimerosal also potently inhibited the decatenation activity of DNA topoisomerase 1lu, likely
through reaction with critical free cysteine thiol groups. Thimerosal, however, did not act as a topoisomerase
II poison and the lack of cross-resistance with a K562 cell line with a decreased level of topoisomerase
o (K/VP.S cells) suggested that inhibition of topoisomerase Il«. was not a significant mechanism for
the inhibition of cell growth. Depletion of intracellular GSH with buthionine sulfoximine treatment greatly
increased the K562 cell growth inhibitory effects of thimerosal, which showed that intracellular glutathione
had a major role in protecting cells from thimerosal. Pretreatment of thimerosal with glutathione did not,
however, change its K562 cell growth inhibitory effects, a result consistent with the rapid exchange of
the ethylmercury adduct among various thiol-containing cellular reactants. Thimerosal-induced single
and double strand breaks in K562 cells were consistent with a rapid induction of apoptosis. In conclusion,
these studies have elucidated some of the chemistry and biological activities of the interaction of thimerosal
with topoisomerase Ila and protein and nonprotein thiols and with DNA.

Introduction less is known about the effects of thimerosal or its presumed
metabolite, c..lhylnn_rcury (1, 3. 5. 6). The initial distribution of
ethylmercury in neonatal mice is similar to that of methyl-
mercury, but they differ sharply in their tissue deposition and
their metabolism to Hg®* (). This suggests that the data on
methylmercury may not be suitable for risk assessment for
thimerosal (1. 5). Methylmercury reacts rapidly with and has a
very high affinity for protein and nonprotein thiols (1. 78), and
ethylmercury is likely similar in this regard.

Thimerosal (Figure 1) is an organic mercury compound with
bactericidal and fungicidal properties that is widely used as a
preservative in multiuse vials of vaccines, ophthalmic, otic,
nasal, and topical products (/-3). There has been a public
perception that thimerosal use in vaccines is unsafe after
suggestions that it caused a predisposition to autism in children
(1, 4). However, recent epidemiological studies have not
supported this hypothesis (4). On the basis of the risk assessment
assumption that the dose-effect and dose-response relationships
of ethylmercury, the presumed metabolite of thimerosal, and
methylmercury were the same, thimerosal was removed from
most pediatric vaccines in the United States in 2001 (/, 3). Prior
to 2001, by 18 months of age, a child in the United States

Thus, to elucidate some of the basic chemistry and biochem-
istry of thimerosal, the reactions of thimerosal with nonprotein
and protein thiols and the cellular effects of thimerosal have
been studied. While the reaction of thimerosal with thiols has
been assumed to be an exchange reaction to yield an ethyl-

undergoing a routine schedule of immunizations would have
received a cumulative dose of 200 g of mercury (3). The fact
that the cumulative exposure to mercury from thimerosal in

mercury-thiol adduct (Figure 1), this does not seem to have been
shown. In this study, we showed by MS that thimerosal
undcrgoa an cxclmnge reaclion with cysteine GSH, and human

This paper shows how high Ievels of glutathlone protect
against thimerosal toxicity. Previous studies have shown
that autism is more common in individuals with lower

levels of plasma glutathione and, therefore, diminished
ability to detoxify thimerosal.
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Mitochondrial dysfunction, impaired oxidative-reduction activity,
degeneration, and death in human neuronal and fetal cells induced by
low-level exposure to thimerosal and other metal compounds
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Thimerosal (ethylmercurithiosalicylic acid), an ethylmercury (EtHg)-releasing
compound (49.55% mercury (Hg)), was used in a range of medical products
for more than 70 years. Of particular recent concern, routinc administering of
Thimerosal-containing biologics/childhood vaccines have become significant
sources of Hg exposure for some fetuses/infants. This study was undertaken to
investigate ccllular damage among in vitro human ncuronal (SH-SY-5Y
neuroblastoma and 132IN1 astrocytoma) and fetal (nontransformed) model
systems using cell vitality assays and microscope-based digital image capture
techniques to assess potential damage induced by Thimerosal and other metal
compounds (aluminum (Al) sulfate, lead (Pb)(1I) acctatc, methylmercury
(MeHg) hydroxide, and mercury (Hg)(II) chloride) where the cation was
reported to exert adverse effects on developing cells. Thimerosal-associated
cellular damage was also evaluated for similarity to pathophysiological
findings observed in patients diagnosed with autistic disorders (ADs).
Thimerosal-induced cellular damage as evidenced by concentration- and
time-dependent mitochondrial damage, reduced oxidative-reduction activity,
ccllular degeneration, and ccll dcath in the in vitro human ncuronal and fetal
model systems studied. Thimerosal at low nanomolar (nM) concentrations
induced significant cellular toxicity in human neuronal and fetal cells.
Thimerosal-induced cytoxicity is similar to that observed in AD pathophysio-
logic studies. Thimerosal was found to be significantly more toxic than the
other metal compounds examined. Future studies need to be conducted to
evaluate additional mechanisms underlying Thimerosal-induced cellular
damage and asscss potcntial co-cxposurcs to other compounds that may
increase or decrease Thimerosal-mediated toxicity.

Keywords: autism; glial; lead; mercury; mercuric; neurodevelopmental

Introduction

Thimerosal (ethylmercurithiosalicylic acid) is an ethylmercury (EtHg)-releasing
compound that has been used in a range of medical products for more than 70 ycars
(Geier et al. 2007). Thimerosal contains 49.55% mercury (Hg) and, in aqueous solutions, is

Three types of human cell lines were subjected to
increasing concentrations of thimerosal, along with other

toxic metal compounds. Thimerosal exhibited the greatest
toxicity in each of the cell lines tested and the damage was
similar to that observed in autism pathophysiologic studies.
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Thimerosal generates ethylmercury in aqueous solution and is widely used as preservative. We have investigated the toxicology
of Thimerosal in normal human astrocytes, paying particular attention to mitochondrial function and the generation of
specific oxidants. We find that ethylmercury not only inhibits mitochondrial respiration leading to a drop in the steady state
membrane potential, but also concurrent with these phenomena increases the formation of superaxide, hydrogen peroxide, and
Fenton/Haber-Weiss generated hydroxyl radical. These oxidants increase the levels of cellular aldehyde/ketones. Additionally, we
find a five-fold increase in the levels of oxidant damaged mitochondrial DNA bases and increases in the levels of mtDNA nicks
and blunt-ended breaks. Highly damaged mitochondria are characterized by having very low membrane potentials, increased
supcroxide/hydrogen peroxide production, and extensively damaged mtDNA and proteins. These mitochondria appear to have
undergone a permeability transition, an observation supported by the five-fold increase in Caspase-3 activity obsarved after
Thimerosal treatment.

Thimerosal significantly damaged the mitochondrial
membranes and DNA in human astrocytes and induced
oxidative stress, both of which are also documented to
occur in autism spectrum disorders. The enzyme caspase-3,

which signals cell death, was upregulated 5-fold in the
presence of thimerosal and mitochondrial membranes
showed significant depolarization and an increase in the
levels of mitochondrial DNA nicks and breaks.
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Thimerosal compromises human dendritic cell
maturation, IL-12 production, chemokine release,
and T-helper polarization
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Thimerosal is a preservative used in multidose vials of vaccine formulations to prevent bacterial and fungal
contamination. We recently reported that nanomolar concentrations of thimerosal induce cell cycle arrest of human T
cells activated via the TCR and inhibition of proinflammatory cytokine production, thus interfering with T-cell functions.
Given the essential role of dendritic cells {DCs) in T-cell polarization and vaccine Immunity, we studied the influence of
non-toxic concentrations of thimerosal on DC maturation and functions. Ex-vivo exposure of human monocyte-derived
DCs to nanomolar concentrations of thimerosal prevented LPS-induced DC maturation, as evidenced by the inhibition of
morphological changes and a decreased expression of the maturation markers CD86 and HLA-DR. In addition thimerosal
dampened their proinflammatory response, in particular the production of the Th1 polarizing cytokine IL-12, as well as
TNF-a and |IL-6. DC-dependent T helper polarization was altered, leading to a decreased production of IFN-y |IP10 and
GM-CSF andincreased levels of IL-8, IL-9, and MIP-1a. Although multi-dose vials of vaccines containing thimerosal remain
importantfor vaccinedelivery, our results alert about the ex-vivo immunomodulatory effects of thimerosal on DCs, akey

player for theinduction of an adaptive response

Introduction

Adaptive immunity plays a crucial role in natural host
defense against pathogens and tumors, and it is central to the
long-term protective effect of vaccines. The innate immune
system functions to direct the adaptive immune response,
both through antigen presentation by dendritic cells and
by providing the key signals for the differentiation of naive
CD4* T cells into functionally distinct T helper cell (Th)
subtypes.”? DCs act as a sentinel population that constantly
samples the tissue microenvironment and takes up microbial
cells through toll-like receptors (TLRs).> TLRs can detect
multiple pathogen-associated molecular patterns (PAMPs),*
including LPS detected by TLR4, resulting in the activation of
NEF-kB that drives the production of many proinflammatory
cytokines, including IL-1, IL-6, TNF-a, and IL-125 TLR-
induced IL-12 is the key differentiation factor for Thl cells.®

' Thimerosal at concentrations comparable to those used in

Thimerosal is a preservative used in multidose vials of vaccine
formulations to prevent bacterial and fungal contamination'°
Thimerosal is an ethylmercury-containing pharmaceutical
compound that contains 49.6% mercury by weight and
metabolizes into ethylmercury (etHg) and thiosalicylate
Thimerosal is known as a contact allergen, and caution has been
urged regarding significant side effects in therapeutic agents?
and in vaccines* with specific issues related to infane-CNS."1
Thimerosal has been shown to cause a number of toxic changes
in vitro, including neuronal mitochondrial cell death,'é18
oxidative stress and apoptosis of HeLa S epithelial cells,” and
S phase arrest and apoptosis via inhibition of the PI3K/Akt/
survivin pathway on the murine C2C12 myoblast cells.?® Because
thimerosal is one of the bestknown skin sensitizers, several
studies have been performed on human myeloid dendritic cells,
which play an essential role in the initiation of allergic contact
dermatitis. DC activation and associated immune functions are

the H1N1 influenza vaccine interfered with human T cell
function and inhibited human dendritic cell maturation

required for a robust immune response. Immune
suppression such as that seen in this in vitro study is a
characteristic of autistic disorder.
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Abstract

Thimerosal is a preservative used widely in vaccine formulations to prevent bacterial and fungal contamination in multidose
vials of vaccine. Thimerosal was included in the multidose non-adjuvanted pandemic 2009 HIN1 vaccine Panenza. in the
context of the analysis of the ex-vivo T cell responses directed against influenza vaccine, we discovered the in vitro taxicity
Panenza, due to its content in thimerosal. Because thimerosal may skew the immune response to vaccines, we investigated
In detail the ex-vivo effects of thimerosal on the fate and functions of T cells in response to TCR ligation. We report that ex-
vivo exposure of quiescent or TCR-activated primary human T cells to thimerosal induced a dose-dependent apoptotic cell
death assoclated with depolarization of misochondrial membrane, generation of reactive cxygen specles, cytochrome c
release from the mitochondria and caspase-3 activation. Moreover, exposure to non-toxic concentrations of thimerosal
Induced cell cycle arrest in GO/G1 phase of TCR-activated T cells, and Inhibition of the relgase of proinflammatory cytokines
such as IFN gamma, IL-1 beta, TNF alpha, IL-2, as well as the chemokine MCP1. No shift towards Th2 or Th17 cells was
detected. Overall these results underine the proapoptotic effect of thimerosal on primary human lymphocytes at
concentrations 100 times less to those contained in the multidose vaccine, and they reveal the inhibitory effect of this
preservative on T-cell proliferation and functions at nanomolar concentrations.
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Introduction

Thimerosal i3 a preservative used widely in vacane formulations
ta prevent bactenal and fungal contamination in multidose vials of
vaccine [1] [2]. Thimerosal, named also thiomersal or merthiolate
in clinical studics, is an cthylmercury-containing pharmaccutical
compound that contains 49.6% mercury by weight and metab-
olizes into ethylymercury (etHg) and thiosalicylate [3]. Thimerosal

hax serurd 22 2 nresasruative in vaccines smes 1930_hat in the late

line following exposure to WM concentrations of thimerasal [10].
The delcterious effects of thimerosal were also reparted on Hela S
epithelial cells, induding an oxidative stress and cell death that
were completely suppressed by pretreating the cells with N-acetyl-
keysteine (NAQC), a radical scavenger [11]. Thimerosal could also
cause S phase arrest followed by mitochondrial apoptosis in
murine nryoblast cells that occurred via inhibition of the PISK/
Akt/survivin signaling pathway [1Z]. Surprisingly, little is known
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ARTICLE INFO ABSTRACT

Mercury (Hg) is a strong toxicant affecting mainly the central nervous, renal, cardiovascular and immune
systems. Thiomersal (TM) is still in use in mecdlical practice as a topical antiseptic and as a preservative in multiple
dose vaccines, routinely given to young children in some developing countries, while other forms of mercury
such as methylmercury represent an environmental and food hazard. The aim of the present study was to
determine the effects of thiomersal (TM) and its breakdown product ethylmercury (EtHg) on the thioredoxin
system and NADP*-dependent dehydrogenases of the pentose phosphate pathway. Results show that TM
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%iﬁ:gz;ﬂ and EtHg inhibited the thioredoxin system enzymes in purified suspensions, being EtHg comparable to
Ethylmercury methylmercury (MeHg). Also, treatment of neuroblastoma and liver cells with TM or EtHg decreased cell viability
Thioredoxin system (Glsp: 1.5 to 20 M) and caused a significant (p <0.05) decrease in the overall activities of thioredoxin (Trx) and
Pentose phosphate pathway thioredoxin reductase (TrxR) in a concentration- and time-dependent manner in cell lysates. Compared to
Mercury control, the activities of Trx and TrxR in neuroblastoma cells after EtHg incubation were reduced up to 60% and
Selenium 80% respectively, whereas in hepatoma cells the reduction was almost 100%. In addition, the activities of
glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase were also significantly inhibited
by all mercurials, with inhibition intensity of Hg>* > MeHg = EtHg>TM (p <0.05). Cell incubation with sodium
selenite alleviated the inhibitory effects on TrxR and glucose-6-phosphate dehydrogenase. Thus, the molecular
mechanism of toxicity of TM and especially of its metabolite EtHg encompasses the blockage of the electrons

from NADPH via the thioredoxin system.
© 2015 Elsevier Inc. All rights reserved.
Introduction occurs either by regular fish consumption or occupational contact,

respectively, and represents a major concern in toxicology (Clarkson
et al., 2003; Carvalho et al, 2008a; Nunes et al., 2014). Not less
important is mercury exposure in dental practice for both dentists and

Mercurial compounds have shown a wide range of toxicological ef-
fects on human beings, involving especially the central nervous system,

causing damage to the brain,but also to the kidneys, the cardiovascular
and immune systems (Clarkson et al, 2003; Dérea et al., 2013).
Exposure to mercurial compounds such as methylmercury (MeHg)
and mercuric mercury (Hg>*) at levels above the toxicity threshold

Abbreviations: 6PGDH. 6-phosphogluconate dehydrogenase; EtHg, ethylmercury;
G6PDH, glucose-6-phosphate dehydrogenase; Hg2*. mercuric mercury; MeHg.
methylmercury; Se* . selenide; Se03 ~/Se (IV). selenite; Se. selenium; TCV, thiomersal-

patients due to the use of dental amalgam fillings that release mercury
vapour (Clarkson et al., 2003). Even though the use of mercury
compounds such as thiomersal (TM) in medicines and antiseptics is
decreasing it is still used as a preservative in some formulas, namely
in vaccines (Sykes et al., 2014).

Although mercurial compounds are not new toxicants, there is
a significant lack of knowledge about their molecular mechanisms

1!, ne 'S_NI s A\ 0 uc

Thimerosal exposure led to the death of neuroblastoma and liver cells
0

due to inhibiti

n of thioredoxin-based cellular metabolism. This is

similar to neuronal damage associated with autistic disorder.

0041-008X/® 2015 Elsevier Inc. All rights reserved.
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ARTICLE INFO ABSTRACT

Organic mercury (Hg) species exert their toxicity primarily in the central nervous system. The food rel-
evant Hg species methylmercury (MeHg) has been frequently studied regarding its neurotoxic effects
in vitro and in vivo. Neurotoxicity of thiomersal, which is used as a preservative in medical preparations,

Article history:
Received 21 May 2015
Received in revised form 23 June 2015

Accepted 29 June 2015 is to date less characterised. Due to dealkylation of organic Hg or oxidation of elemental Hg, inorganic

Hg is present in the brain albeit these species are not able to readily cross the blood brain barrier. This
Keywords: study compared for the first time toxic effects of organic MeHg chloride (MeHgCl) and thiomersal as well
'T\'Leig:xle':‘;rlmry as inorganic mercury chloride (HgCl»)in differentiated human neurons (LUHMES) and human astrocytes

(CCF-STTG1). The three Hg species differ in their degree and mechanism of toxicity in those two types
of brain cells. Generally, neurons are more susceptible to Hg species induced cytotoxicity as compared
to astrocytes. This might be due to the massive cellular mercury uptake in the differentiated neurons.
The organic compounds exerted stronger cytotoxic effects as compared to inorganic HgCls. In contrast
to HgCl, exposure, organic Hg compounds seem to induce the apoptotic cascade in neurons following
low-level exposure. No indicators for apoptosis were identified for both inorganic and organic mercury
species in astrocytes. Our studies clearly demonstrate species-specific toxic mechanisms. A mixed expo-
sure towards all Hg species in the brain can be assumed. Thus, prospectively coexposure studies as well
as cocultures of neurons and astrocytes could provide additional information in the investigation of Hg
induced neurotoxicity.

Mercuric mercury

Human differentiated neurons
Cytotoxicity

Apoptosis

© 2015 Published by Elsevier GmbH.

1. Introduction

Organic mercury(Hg)compounds are important neurotoxicants
capable of damaging the developing and adult nervous system | 1].
Due to its accumulation in the aquatic food chain, chronic exposure
to methylmercury (MeHg) via seafood intake still poses a risk to
human health [2]. Ethylmercury (EtHg) containing thiomersal, used
as a preservative in medical preparations including vaccines, is of

particular concern since it has been linked to autism [3]. Although
organic Hg compounds, especially methylmercury (MeHg), have
been extensively studied, the mechanisms of Hg species mediated
neurotoxicity remain not completely understood [4]. Inorganic
Hg?* does not readily cross the blood brain barrier. Probably there-
fore effects of inorganic HgZ* species on brain cells are not well
characterized [5]. Nevertheless, it should be noted that inorganic
Hg is present in the brain due to dealkylation of organic species
or an oxidation of elemental Hg, which originates e.g., from the

Thimerosal and methyl mercury caused cell death in differentiated
human neurons and astrocytes. Differentiated neurons showed a

massive uptake of ethylmercury (degradation product of thimerosal).
This affirms the type of neural damage seen in patients with autism.
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The folate and cobalamin (Cbl-) dependent enzyme methionine synthase (MS) is highly sensitive to oxidation and its activity
affects all methylation reactions. Recent studies have revealed alternative splicing of MS mRNA in human brain and patient-
derived fibroblasts. Here we show that MS mRNA in SH-SY5Y human neuroblastoma cells is alternatively spliced, resulting in three
primary protein species, thus providing a useful model to examine cofactor dependence of these variant enzymes. MS activity was
dependent upon methylcobalamin (MeCbl) or the combination of hydraxocobalamin (OHCbl) and S-adenosylmethionine (SAM).
OHCbl-based activity was eliminated by depletion of the antioxidant glutathione (GSH) but could be rescued by provision of
either glutathionylcobalamin (GSCbl) or MeCbl. Pretreatment of cells with lead, arsenic, aluminum, mercury, or the ethylmercury-
containing preservative thimerosal lowered GSH levels and inhibited MS activity in association with decreased uptake of cysteine,
which is rate-limiting for GSH synthesis. Thimerosal treatment decreased cellular levels of GSCbl and MeCbl. These findings
indicate that the alternatively spliced form of MS expressed in SH-SYSY human neuronal cells is sensitive toinhibition by thimerosal
and neurotoxic metals, and lower GSH levels contribute to their inhibitory action.

Thimerosal inhibited cellular production of cobalamin necessary
for detoxification and amelioration of oxidative stress. This caused

lower methionine synthase activity and an impaired methylation
capacity. Autistic subjects in general show cobalamin deficiencies
and several impaired methylation.
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ARTICLE INFO ABSTRACT

Vaccines are prophylactics used as the first line of intervention to prevent, control and eradicate infectious
diseases. Young children (before the age of six months) are the demographic group most exposed to
recommended/mandatory vaccines preserved with Thimerosal and its metabolite ethylmercury (EtHg).
Particularly in the less-developed countries, newborns, neonates, and young children are exposed to EtHg
because it is still in several of their pediatric vaccines and mothers are often immunized with Thimerosal-
containing vaccines (TCVs) during pregnancy. While the immunogenic component of the product has
undergone more rigorous testing, Thimerosal, known to have neurotoxic effects even at low doses, has not
been scrutinized for the limit of tolerance alone or in combination with adjuvant-Al during immaturity or
developmental periods (pregnant women, newborns, infants, and young children). Scientific evidence has
shown the potential hazards of Thimerosal in experiments that modeled vaccine-Etllg concentrations.
Observational population studies have revealed uncertainties related to neurological effects. However,
consistently, they showed a link of EtHg with risk of certain neurodevelopment disorders, such as tic disorder,
while clearly revealing the benefits of removing Thimerosal from children’s vaccines (associated with
immunological reactions) in developed countries. So far, only rich countries have benefited from withdrawing
the risk of exposing young children to Etlg. Regarding Thimerosal administered to the very young, we have
sufficient studies that characterize a state of uncertainty: the collective evidence strongly suggests that
Thimerosal exposure is associated with adverse neurodevelopmental outcomes. It is claimed that the continued
use of Thimerosal in the less-developed countries is due to the cost to change to another preservative, such as 2-
phenoxyethanol. However, the estimated cost increase per child in the first year of life is lower than estimated
lifetime cost of caring for a child with a neurodevelopmental disorder, such tic disorder. The evidence indicates
that Thimerosal-free vaccine options should be made available in developing countries.
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1. Introduction

Vaccines are prophylactics used as the first line of intervention to
prevent, control, and cradicate infectious discases. Young children
(before the age of 6 months) are the demographic group most exposed
to recommended/mandatory vaccines that are preserved with
Thimerosal and its metabolite ethylmercury (EtHg). Furthermore, in
less-developed countries, this vulnerable demographic range (new-
borns, neonates, young children) is additionally exposed to EtHg when
mothers are immunized with Thimerosal-containing vaccines (TCVs)
during pregnancy (Doérea, 2011a). Indeed, in certain circumstances, six
QY
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when bottled in multi-dose vials, a preservative may be justified. In
order to be manufactured, vaccines have to be formulated to resist
contamination in the production line and during handling and
application from multi-dose vials. As a result, some vaccines contain
both preservative-Thimerosal and adjuvant-Al.

During vaccine production, no modern toxicity studies are required
to detect specific aspects of low-dose EtHg (alone or in combination
with Aluminum) in susceptible individuals; rather, non-specific toxicity
tests such as body weight changes are frequently used (Sharma ct al.,
2012). Albeit at low doses, toxic ingredients (such as Thimerosal and

This review article highlights the scientifically affirmed connection
M between infant and prenatal thimerosal exposure and neurological
disorders, including tic disorder, which has been shown to be much

more prevalent in children with autism. The author also delineates
the use of thimerosal in vaccines in developing countries at a
greater exposure level than developed countries such as the U.S.
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Thimerosal is a preservative that has been used in manufacturing vaccines since the 1930s.
Reports have indicated that infants can receive ethylmercury (in the form of thimerosal) at or
above the U.S. Environmental Protection Agency guidelines for methylmercury exposure, depend-
ing on the exact vaccinations, schedule, and size of the infant. In this study we compared the sys-
temic disposition and brain distribution of total and inorganic mercury in infant monkeys after
thimerosal exposure with those exposed to MeHg. Monkeys were exposed to MeHg (via oral gav-
age) or vaccines containing thimerosal (via intramuscular injection) at birth and 1, 2, and 3 weeks
of age. Total blood Hg levels were determined 2, 4, and 7 days after each exposure. Total and
inorganic brain Hg levels were assessed 2, 4, 7, or 28 days after the last exposure. The initial and
terminal half-life of Hg in blood after thimerosal exposure was 2.1 and 8.6 days, respectively,
which are significantly shorter than the elimination half-life of Hg after McHg exposure at
21.5 days. Brain concentrations of total Hg were significantly lower by approximately 3-fold for
the thimerosal-exposed monkeys when compared with the MeHg infants, whereas the average
brain-to-blood concentration ratio was slightly higher for the thimerosal-exposed monkeys (3.5 +
0.5 vs. 2.5 + 0.3). A higher percentage of the total Hg in the brain was in the form of inorganic
Hg for the thimerosal-exposed monkeys (34% vs. 79%). The results indicate that Mellg is not a
suitable reference for risk assessment from exposure to thimerosal-derived Hg. Knowledge of the
toxicokinetics and developmental toxicity of thimerosal is needed to afford a meaningful assess-
ment of the developmental effects of thimerosal-containing vaccines. Key words: brain and blood
distribution, ¢limination half-life, ethylmercury, infant nonhuman primates, methylmercury,
thimerosal. Environ Health Perspecs 113:1015-1021 (2005). doi:10.1289/chp.7712 available via
htsp:/ldx.doi.org/ [Online 21 April 2005]

Public perception of the safety and efficacy of
childhood vaccines has a direct impact on
immunization rates (Biroscak et al. 2003;
Thomas et al. 2004). The current debate link-
ing the use of thimerosal in vaccines to autism
and other developmental disorders [Institute
of Medicine (IOM) 2001, 2004] has led many
families to question whether the potential risks
associated with early childhood immuniza-

some cases, exceeds the U.S. EPA guidelines
for MeHg exposure during pregnancy
(0.1 pglkg/day). Other estimates (Halsey
1999) have indicated that the schedule could
provide repeated doses of ethylmercury from
approximately 5 to 20 pg/kg over the first
6 monrhs of life. Studies in preterm infants
indicate that blood levels of Hg after just one
ination (henatiti i by > 10-fold

overestimate Hg in the brain after exposure to
ethylmercury; and ¢) because ethylmercury
decomposes faster than MeHg, the risk of
brain damage is less for ethylmercury than for
MeHg. These conclusions are based on only a
few studies, none of which included measure-
ments of both blood and brain Hg levels in
infant subjects.

We initated the present study in order to
directly compare the blood and brain levels of
Hg in infant nonhuman primates exposed
orally to MeHg or via intramuscular (im)
injections of vaccines containing thimerosal.
Nonhuman primates have been used exten-
sively in previous studies of MeHg toxico-
kinetics and developmental neurotoxicity
(Burbacher et al. 1986, 1990b; Gunderson
et al. 1986, 1988; Rice and Gilbert 1982,
1990, 1995; Stinson et al. 1989; Vahter et al.
1994, 1995). The routes of administration
(oral for MeHg and im injection for
thimerosal-containing vaccines) were chosen
to mimic the two routes of Hg exposure for
humans. The dosages and schedule of
administration of Hg were chosen to be com-
parable with the current immunization sched-
ule for human newborns, taking into
consideration the faster growth (- 4 to 1) of
the macaque infant (Gunderson and Sackett
1984). The results of the present study pro-
vide important new information regarding
the comparative toxicokinetics of these two
compounds in newborns and infants.

Infant macaques retained significantly higher levels of inorganic
mercury in their brain tissue when exposed to levels of thimerosal
resulting from exposure to in infant vaccines versus methylmercury
from fish. The half-life of the inorganic mercury resulting from
thimerosal exposure was indefinite, as it lasted much longer than the

overall testing period. The research literature cites a half-life of 27
years. Inorganic mercury in the brain of adult non-human primates
has been associated with an ongoing neuroinflammatory process
that is also well documented in brain tissue of individuals with
autism.
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Influence of pediatric vaccines on amygdala growth and opioid
ligand binding in rhesus macaque infants:
A pilot study
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This longitudinal, case-control pilot study examined amygdala growth in rhesus macaque infants receiving the complete US
childhood vaccine schedule (1994-1999). Longitudinal structural and functional neuroimaging was undertaken to examine
central effects of the vaccine regimen on the developing brain. Vaccine-exposed and saline-injected control infants underwent
MRI and PET imaging at approximately 4 and 6 months of age, representing two specific timeframes within the vaccination
schedule. Volumetric analyses showed that exposed animals did not undergo the maturational changes over time in amygdala
volume that was observed in unexposed animals. After controlling for left amygdala volume, the binding of the opioid
antagonist ["C]diprenorphine (DPN) in exposed animals remained relatively constant over time, compared with unexposed
animals, in which a significant decrease in ["C]DPN binding occurred. These results suggest that maturational changes in
amygdala volume and the binding capacity of ["C]DPN in the amygdala was significantly altered in infant macaques
receiving the vaccine schedule. The macaque infant is a relevant animal model in which to investigate specific environmental
exposures and structural/functional neuroimaging during neurodevelopment.

Key Words: rhesus macaques, Macaca nuilatta, non-human primates, animal model, neuroimaging, PET, MRI, amygdala,
opioids, ethyl mercury, thimerosal, neurotoxicity

INTRODUCTION

The amygdala, a complexly interconnected limbic
system structure located in the temporal lobe of the
brain, is thought to play a central role in the expression
of emotions (reviewed by Aggleton 1992). In rhesus
macaques the amygdala has been associated with the
development of social andemotionalbehavior (reviewed

amygdala lesions were still capable of interpreting and
generating social behaviors (Prather et al. 2001) but
failed to develop an appropriate fcar response
(Antoniadis et al. 2009), implicating an important role
for the amygdala in regulating such responses (reviewed
by Amaral and Corbett 2003, Amaral ct al. 2008,
Machado et al. 2009, Roozendaal et al. 2009). While
the human amygdala has been well studied longitudi-

In this study, infant macaque monkeys exposed to
thimerosal doses comparable to the US vaccine schedule
showed arrested amygdala development as compared to

unexposed controls where normal amygdala maturation
occurred. Changes in amygdala development have been
documented in autism.
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DELAYED ACQUISITION OF NEONATAL REFLEXES IN NEWBORN PRIMATES
RECEIVING A THIMEROSAL-CONTAINING HEPATITIS B VACCINE: INFLUENCE
OF GESTATIONAL AGE AND BIRTH WEIGHT
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This study examined whether acquisition of neonatal reflexes in newborn rhesus macaques
was influenced by receipt of a single neonatal dose of hepatitis B vaccine containing the
preservative thimerosal (Th). Hepatitis B vaccine containing a weight-adjusted Th dose was
administered to male macaques within 24 h of birth (n = 13). Unexposed animals received
saline placebo (n = 4) or no injection (n = 3). Infants were tested daily for acquisition of nine
survival, motor, and sensorimotor reflexes. In exposed animals there was a significant delay
in the acquisition of root, snout, and suck reflexes, compared with unexposed animals. No
neonatal responses were significantly delayed in unexposed animals. Gestational age (GA)
and birth weight (BW) were not significantly correlated. Cox regression models were used to
evaluate main effects and interactions of exposure with BW and GA as independent predic-
tors and time-invariant covariates. Significant main effects remained for exposure on root and
suck when controlling for GA and BW, such that exposed animals were relatively delayed in
time-to-criterion. Interaction models indicated there were various interactions between expo-
sure, GA, and BW and that inclusion of the relevant interaction terms significantly improved
model fit. This, in turn, indicated that lower BW and/or lower GA exacerbated the adverse
effects following vaccine exposure. This primate madel provides a possible means of assess-
ing adverse neurodevelopmental outcomes from neonatal Th-containing hepatitis B vaccine
exposure, particularly in infants of lower GA or BW. The mechanisms underlying these effects
and the requirements for Th requires further study.

Received 15 August 2009; accepted 15 March 2010.
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Infant macaques exposed to thimerosal in a dosage
mimicking the “birth” hepatitis B vaccine showed delays in
reflex development including acquisition of root, snout,

and suck reflexes, compared to unexposed animals. This is
similar to developmental delays associated with autism.
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Neurotoxic effects of postnatal thimerosal are mouse
strain dependent
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The developing brain Is uniquely susceptible to the neurotoxic hazard posed by mercurials.
Host differences In maturation, metabollsm, nutrition, sex, and autolmmunity Influence
outcomes. How population-based variabllity affects the safety of the ethylmercury-containing
vaccine preservative, thimerosal, Is unknown. Reported Increases In the prevalence of autism,
a highly herltable neuropsychlatric condition, are Intensifying public focus on environmental
exposures such as thimerosal. Inmune profiles and family history in autism are frequently
conslistent with autoimmunity. We hypotheslzed that autoimmune propensity Influences
outcomes In mice following thimerosal challenges that mimic routine childhood Immuniza-
tlons. Autoimmune disease-sensitive SJL/J mice showed growth delay; reduced locomotion;
exaggerated response to novelty; and densely packed, hyperchromic hippocampal neurons
with altered glutamate receptors and transporters. Stralns resistant to autolmmunity, C57BL/
6J and BALB/cJ, were not susceptible. These findings implicate genetic influences and
provide a model for investigating thimerosal-related neurotoxicity.

Molscular Psychiatry (2004) 9, 833-845. doi:10.1038/sj.mp.4001529
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Autism spectrum disorders (ASDs) comprise a set of
highly heritable conditions® with core impairments in
social interaction, communication, and imagination.
The prevalence of ASDs is reported to be rising
worldwide,** an increase not fully explained by
changes in awareness and diagnostic patterns.?3%®
Environmental susceptibility genes may be determi-
nants of adverse neurodevelopmental outcomes fol-
lowing pre- or postnatal exposures. One
environmental factor may be increased mercury
burden through industrial sources, fish, and sodium

mercury-related neurodevelopmental damage, we
exposed mice of differing MHC (H-2) backgrounds®®
to thimerosal in doses and timing equivalent to the
pediatric immunization schedule. Profound behavior-
al and neuropathologic disturbances were observed
after postnatal thimerosal in SJL/] (H-2?) mice, but not
in strains without autoimmune sensitivity (BALB/c],
H-29, or C57BL/6], H-2" mice).

Materials and methods

Specific mouse strains showing autoimmune disease sensitivity
exhibited autistic behaviors and autistic-like brain pathologies after
being exposed to thimerosal. A comparison mouse strain without a
genetic predisposition to autoimmunity did not exhibit these
abnormal behaviors or neurological features after thimerosal

exposure. This study supports the notion of a genetic susceptibility
to thimerosal resulting in neurological injury. It has also been
hypothesized that a subset of children may be more vulnerable to
exposure to thimerosal which is why not all children exposed are
harmed.
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Abstract Thimerosal, an ethyl mercury compound, is
used worldwide as a vaccine preservative. We
previously observed that the mercury concentration
in mouse brains did not increase with the clinical dose
of thimerosal injection, but the concentration in-
creased in the brain after the injection of thimerosal
with lipopolysaccharide, even if a low dose of
thimerosal was administered. Thimerosal may pene-
trate the brain, but is undetectable when a clinical
dose of thimerosal is injected; therefore, the induction
of metallothionein (MT) messenger RNA (mRNA)
and protein was observed in the cerebellum and
cerebrum of mice after thimerosal injection, as MT
is an inducible protein. MT-1 mRNA was expressed at
6 and 9 h in both the cerebrum and cerebellum, but
MT-1 mRNA expression in the cercbellum was three
times higher than that in the cerebrum after the
injection of 12 pg/kg thimerosal. MT-2 mRNA was
not expressed until 24 h in both organs. MT-3 mRNA
was expressed in the cerebellum from 6 to 13 h after

the injection, but not in the cerebrum until 24 h. MT-1
and MT-3 mRNAs were expressed in the cerebellum
in a dosc-dependent manner. Furthermore, MT-1
protein was detected trom 6 to 72 h in the cerebellum
after 12 pg/kg of thimerosal was injected and peaked
at 10 h. MT-2 was detected in the cerebellum only at
10 h. In the cerebrum, litle MT-1 protein was
detected at 10 and 24 h, and there were no peaks of
MT-2 protein in the cerebrum. In conclusion, MT-1
and MT-3 mRNAs but not MT-2 mRNA are casily
expressed in the cerebellum rather than in the
cerebrum by the injection of low-dose thimerosal. It
is thought that the ccrebellum is a sensitive organ
against thimerosal. As a result of the present findings,
in combination with the brain pathology observed in
patients diagnosed with autism, the present study
helps to support the possible biological plausibility
for how low-dose exposure to mercury from
thimerosal-containing vaccines may be associated
with autism.

The authors found that low dose injections of thimerosal
induced metallothione in the brains of mice. Based on
these findings, in combination with the brain pathology

observed in patients diagnosed with autism, the study
supports the biological plausibility for how low-dose

exposure to mercury from thimerosal-containing vaccines
may be associated with the development of autism.
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Persistent behavioral impairments and alterations of brain dopamine system
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ARTICLE INFO ABSTRACT
Article history: ‘The neurotoxic organomercurial thimerosal (THIM), used for decades as vaccine preservative, is a sus-
Received 5 November 2010 pected factor in the pathogenesis of some neurodevelopmental disorders. Previously we showed that
Received in revised form 14 April 2011 neonatal administration of THIM at doses equivalent to those used in infant vaccines or higher, causes
Accepted 20 April 2011 lasting alterations in the brain opioid system in rats. Here we investigated neonatal treatment with
THIM (at doses 12, 240, 1440 and 3000 j.g Hg/kg) on behaviors, which are characteristically altered
Ke_ywords: in autism, such as locomotor activity, anxiety, social interactions, spatial learning, and on the brain
g‘:mems"' dopamine.rgic system _in Wistar rats of both sexes. Adult malg and female rats, w_hich were exposed
Neurodevelopment to the entire range of THIM doses during the early postnatal life, manifested impairments of locomo-
Impairment tor activity and increased anxiety/neophobia in the open field test. In animals of both sexes treated
Behavior with the highest THIM dose, the frequency of prosocial interactions was reduced, while the frequency
Dopamine of asocial/antisocial interactions was increased in males, but decreased in females. Neonatal THIM
treatment did not significantly affect spatial learning and memory. THIM-exposed rats also manifested
reduced haloperidol-induced catalepsy, accompanied by a marked decline in the density of striatal D2
receptors, measured by immunohistochemical staining, suggesting alterations to the brain dopamin-
ergic system. Males were more sensitive than females to some neurodisruptive/neurotoxic actions
of THIM. These data document that early postnatal THIM administration causes lasting neurobehav-
ioral impairments and neurochemical alterations in the brain, dependent on dose and sex. If similar
changes occur in THIM/mercurial-exposed children, they could contribute do neurodevelopmental
disorders.
© 2011 Elsevier B.V. All rights reserved.
1. Introduction organs [1,2]). With increasing numbers of vaccines injected to pro-

Thimerosal administered to rat neonates showed sex-
dependent impairment of brain dopaminergic system, leading
to aberant behaviors similar to autism. Males were more

sensitive than females to some neurodisruptive/neurotoxic
actions of thimerosal, similar to the higher incide of autism in
males compared to females.
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Embryonic exposure to thimerosal, an organomercury compound,
causes abnormal early development of serotonergic neurons
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ARTICLE INFO ABSTRACT
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Even though neuronal toxicity due to organomercury compounds is well known, thimerosal. an
organomercury compound, is widely used in pediatric vaccine preservation. In the present study, we
examined whether embryonic exposure to thimerosal affects early development of serotonergic neu-
rons. Thimerosal (1 mg Hg/kg) was intramuscularly administered to pregnant rats on gestational day 9
(susceptible time window for development of fetal serotonergic system), and fetal serotonergic neurons

were assessed at embryonic day 15 using anti-serotonin antibodies. A dramatic increase in the number
of serotonergic neurons localized to the lateral portion of the caudal raphe was observed in thimerosal
group (1.9-fold increase, p <0.01 compared to control). These results indicate that embryonic exposure
to thimerosal affects early development of serotonergic neurons.

© 2011 Elsevier Ireland Ltd. All rights reserved.

Thimerosal, an organomercury compound, is known for its
preservative effects on pediatric vaccines [2,12]. Thimerosal bio-
transforms in vivo toethylmercury and subsequently intoinorganic
forms of mercury [19,20], which are toxic to animals [4,7].
Therefore. accumulation of mercury through frequent vaccine
administration is a concern [2,26].

Theadverseeffects of thimerosal have been studied extensively;
neonatal administration of thimerosal induces impairment of sen-
sitivity to pain [ 16] and neurodegeneration of hippocampus [17].
Although fetal organomercury poisoning (fetal Minamata disease)
is known to exhibit systemic effects on fetus [5,6], little is known
regarding the mechanism of action of thimerosal during the embry-
onic period.

Serotonergic neurons are one of the earliest neurotransmitter
phenotypes to appear during the development of the nervous sys-
temn [1,8,10]. In the fetal rat, serotonergic neurons were identified
at around embryonic day (E) 13 (day of insemination=E1) [1,18].

rats to thalidomide resulted in caudal shift of serotonergic neurons
in the dorsal raphe, suggestive of perturbed neuronal migration
[13]. The effect of thalidomide was specific for the day of thalido-
mide administration, demonstrating that embryonic exposure at
E9 is specifically crucial in the normal development of serotonergic
neurons.

Since the early development of serotonergic neurons is time
specific and three-dimensional [1,8,10], precise evaluation of
serotonergic neuronal development by conventional immunohis-
tochemical methods is difficult. In the present study, we utilized
whole-mount preparation method for embryonic brain|1,9], which
facilitates assessment of spatiotemporal data on the development
of neurotransmitter system. Using this technique, we investigated
whether exposure to thimerosal at E9 affects early development of
serotonergic neurons.

Thimerosal administration: Pregnant Wistar rats were purchased
by CLEA Japan, Inc. (Tokyo, Japan). Thimerosal (Sigma-Aldrich,

Thimerosal given to rat embryos (on day 9 of gestation) led to

abnormal distribution of serotonergic neurons. Serotonin

levels have been shown to be dysregulated in autistic subjects,
“-
particularly males.
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Due to the facts that thiomersal-containing vaccine is still in use in many developing countries, and all forms of mercury have
recognised neurotoxic, nephrotoxic, and other toxic effects, studies on disposition of ethylmercury and other mercury forms are
still justified, especially at young age. Our investigation aimed at comparing mercury distribution and rate of excretion in the early
period of life following exposure to either thiomersal (TM) or mercuric chloride (HgCly) in suckling rats. Three experimental
groups were studied: control, TM, and HgCl,, with 12 to18 pups in each. Both forms of mercury were administered subcutaneously
in equimolar quantities (0.81 zmol/kg b.w.) three times during the suckling period (on the days of birth 7,9, and 11) to mimic the
vaccination regimen in infants. After the last administration of TM or HgCl, total mercury retention and excretion was assessed
during following six days. In TM-exposed group mercury retention was higher in the brain, enteral excretion was similar, and
urinary excretion was much lower compared to HgCly-exposed sucklings. More research is still needed to elucidate all aspects of
toxicokinetics and most harmful neurotoxic potential of various forms of mercury, especially in the earliest period of life.

1. Introduction mercury lies in the fact that the exposure occurs in the
most vulnerable period of life, when the brain is developing
Mercury is a pervasive environmental contaminant with and growing (8]. Organic forms of mercury are more easily

proven toxic properties in mammals. Major risks recognized  absorbed when ingested and are less readily eliminated from
due to mercury exposure are dietary methylmercury expo-  the body than its inorganic forms [1].

sure from fish and seafood, elemental mercur vapour from By now considerable amount of evidence has been col-

Thimerosal clearance in the body was compared to the
clearance of mercuric chloride Thimerosal showed much

higher retention time’ir’ the rain. as'inorganic mercury.

This is consistent with brair. studies on autistic subjects
that show a'significantly greater level of norganic mercury
in the brain.



Cerebellum
DOI 10.1007/s12311-011-0319-3

Maternal Thimerosal Exposure Results in Aberrant Cerebellar
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Abstract Methylmercury (Met-Hg) and ethylmercury (Et-
Hg) are powerful toxicants with a range of harmful neurolog-
ical effects in humans and animals. While Met-Hg is a
recognized trigger of oxidative stress and an endocrine
disruptor impacting neurodevelopment, the developmental
neurotoxicity of Et-Hg, a metabolite of thimerosal (TM), has
not been explored. We hypothesized that TM exposure during
the perinatal period impairs cenural nervous system develop-
ment, and specifically the cerebellum, by the mechanism
involving oxidative stress. To test this, spontaneously hyper-
tensive rats (SHR) or Sprague-Dawley (SD) rat dams were
exposed to TM (200 pg/kg body weight) during pregnancy
(G10-G15) and lactation (P5-P10). Male and female neonates
were evaluated for auditory and motor function; cerebella
were analyzed for oxidative stress and thyroid metabolism.
TM exposure resulted in a delayed staitle response in SD
neonates and decreased motor learning in SHR male (22.6%),
in SD male (29.8%), and in SD female (55.0%) neonates. TM
exposure also resulted in a significant increase in cerebellar
levels of the oxidative stress marker 3-nitrotyrosine in SHR
female (35.1%) and SD male (14.0%) neonates. The activity

Z. L. Sulkowski - S. Midha - E. M. Sajdel-Sulkowska
Department of Psychiatry,

Harvard Medical School and Brigham and Women’s Hospital,
Boston, MA, USA

of cerebellar type 2 deiodinasc, responsible for local intra-
brain conversion of thyroxine to the active hormone, 3',3,5-
trilodothyronine (T3), was significantly decreased in TM-
exposed SHR male (60.9%) pups. This coincided with an
increased (47.0%) expression of a gene negatively regulated
by T3, Odf4 suggesting local intracerebellar T3 deficiency.
Our data thus demonstrate a negative neurodevelopmental
impact of perinatal TM exposure which appears to be both
strain- and sex-dependent.

Keywords Ethylmercury - Rat - Cerebellum - Oxidative
stress marker 3-nitrotrosine (3-NT) - Type 2 deiodinase (D2)

Introduction

Environmental toxicants such as heavy metals (1] including
mercury Hg [2, 3] have been identified as factors exerting a
range of harmful neurological and cognitive effects in
humans and experimental animals, and have been implicated
in the etiology of a number of neuropsychiatric disorders.
The major envirenmental organic compounds of mercury
include methylmercury (Met-Hg) und ethylmercury (Et-Hg).
The main exposure to Met-Hg comes from contarninated fish
through bioaccumulation of both organic and inorganic of

Rat pups exposed to thimerosal levels in utero (similar to
the maternal flu shot) exhibited aberrant brain oxidative
stress (in the cerebellum) as well as autistic like behaviors.

These negative neurodevelopmental impacts were both sex
and rat strain dependant. Recent studies have implicated
cerebellar pathology in the etiology of ASD.
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Abstract Thimerosal, a mercury-containing vaccine
preservative, is a suspected factor in the etiology of neu-
rodevelopmental disorders. We previously showed that its
administration to infant rats causes behavioral, neuro-
chemical and neuropathological abnormalities similar to
those present in autism. Here we cxamined, using micro-
dialysis, the effect of thimerosal on extracellular levels of
neuroactive amino acids in the rat prefrontal cortex (PFC).
Thimerosal administration (4 injections, i.m., 240 pg Hg/
kg on postnatal days 7, 9, 11, 15) induced lasting changes
in amino acid overflow: an increase of glutamate and
aspartate accompanied by a decrease of glycine and ala-
nine; measured 10-14 weeks after the injections. Four
injections of thimerosal at a dosc of 12.5 pg Hg/kg did not
alter glutamate and aspartate concentrations at microdi-
alysis time (but based on thimerosal pharmacokinetics,
could have been effective soon after its injection). Appli-
cation of thimerosal to the PFC in perfusion fluid evoked a

rapid increase of glutamate overflow. Coadministration of
the neurosteroid, dehydroepiandrosterone sulfate (DHEAS;
80 mg/kg; i.p.) prevented the thimerosal effect on gluta-
mate and aspartate; the steroid alone had no influence on
these amino acids. Coapplication of DHEAS with thimer-
osal in perfusion fluid also blocked the acute action of
thimerosal on glutamate. In contrast, DHEAS alone
reduced overflow of glycine and alanine, somewhat
potentiating the thimerosal effect on these amino acids.
Since excessive accumulation of extracellular glutamate is
linked with cxcitotoxicity, our data imply that nconatal
exposure to thimerosal-containing vaccines might induce
excitotoxic brain injuries, leading to neurodevelopmental
disorders. DHEAS may partially protect against mercuri-
als-induced neurotoxicity.

Keywords Thimerosal - Glutamate - Amino acids -
Microdialysis - DHEAS

The study documents that exposure of infant rats to thimerosal on postnatal
days 7, 9, 11, 15 modeling the human infant vaccine schedule induced
lasting changes in critical brain amino acids which alters the balance
between excitatory and inhibitory amino acids in the brain, shifting it
toward excessive neuroexcitation and provides provides a plausible
mechanism whereby thimerosal exerts neurotoxic effects in the brain. The

authors go on to say that thimerosal—still present in pediatric vaccines in
many countries—causes a similar disturbance of excitatory and inhibitory
neurotransmitters in the brains of human infants, leading to neurotoxicity,
encephalopathies, and in consequence to neurodevelopmental disorders,
including autism. Elevated levels of both blood and brain glutamate levels
have been documented to occur in children with autism.
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Abstract

Thimerosal, an organomercury compound, has been widely used as a preservative. Therefore, concerns have been raised about its
neurotoxicity. We recently demonstrated perturbation of early serotonergic development by prenatal exposure to thimerosal (lda-
Etoctal. (2011) [11]). Here, we investigated whether prenatal thimerosal exposure causes persistent impairment after birth. Analysis
on postnatal day 50 showed significant increase in hippocampal serotonin following thimerosal administration on embryonic day 9.
Furthermore, not only serotonin. striatal dopamine was significantly increased. These results indicate that embryonic exposure to
thimerosal produces lasting impairment of brain monoaminergic system, and thus cvery eflort should be made to avoid the use of

thimerosal.

© 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Thimerosal: Scrotonin: Dopamine: Embryonic exposure; Developmental disorders: Rat

1. Introduction

Thimerosal, an organomercury compound, has been
widely used as a preservative [1]. Thimerosal is metabo-
lized first to ethylmercury and further to inorganic mer-
cury, both of which accumulate in the brain and other
organs and have neurotoxic activity [2,3]. Accordingly,
use of thimerosal such as vaccines is of great concern. par-
ticularly on infants and (etuses [4,5], and therelore, cflorts
have been made to reduce thimerosal from vaccines [6].
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hippocampal neurodcgeneration [8], and changes in
the dopamine system with subsequent behavioral disor-
ders [9]. In addition. thimerosal was shown to aflect neu-
rite extension of neuroblastoma cells in virro, therelore,
it is evident that thimerosal leads to neurological abnor-
malitics [10]. However, little is known recgarding the
prenatal effects of thimerosal. We recently reported that
cxposure of pregnant rats at gestational day 9 (E9) to
thimerosal increased the number of serotonergic neu-
rons in the lateral portion of the caudal raphe in EI5
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Prenatal exposure to thimerosal led to lasting impairment of
| brain monoaminergic systems in rats. Impairment was seen
in 50 day old adult mice after thimerosal injection on

i embryonic day 9. This type of dysregulation is also present in
the brains of autistic subjects.
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Over the past decade illness outbreaks have posed a serious threat to human life and well-being. The 2009
outbreak H1NI1/A intluenza virus also was expected to disproportionately affect healthy young persons under the
age of 25 years. A small amount of the preservative thimerosal is routinely added to many vaccine preparations,
including HIN1 vaccine. Thimerosal is an organic mercurial containing an ethylmercury moiety attached to the
sulfur atom of thiosalicylate. Since the 1930s, thimerosal has been used as an antiseptic and a preservative in a
wide variety of products, to investigate the monoamines alternation and oxidative stress induced after HIN1
vaccine injection, adult male Swiss mice were injected with thiomerosal, adjuvant, HINI antigen and HIN1
vaccine. Results obtain on the present study showed that thiomerosal, HIN1 antigen and HIN1 vaccine were
caused significant decrease in norepinephrine (NE) and dopamine (DA) contents of hypothalamus, striatum and
cerebral cortex. The alternation in NE and DA was associated with significant increase in oxidative markers
namely lipid peroxidation and nitric oxide, oxidation induction was extent to cause significant decrease in
glutathione level. In conclusion, the present study demonstrated that H1NI vaccine as a whole and/or its
ingredient caused oxidative stress and monoamines alternations in brain of mice. The present observation could
be due to the presence of thiomerosal.

INTRODUCTION

New communicable disease influenza A (HIN1) affected
geographically diverse areas around the world in 2009. Person to
person transmission has led to increase the numbers of patients.
The current HIN1 virus, which was previously referred as Swine
Flu is totally a new virus subtype. This new virus subtype is
efficiently able to be transmitted from human to human which may
cause Pandemic Influenza (Gangurde et al., 2011). Influenza virus
infection, one of the most common infectious diseases, is a highly
contagious airbome disease that causes an acute febrile illness and

N

pandemic influenza vaccines are of the highest priority in global
health security. There are limited immunogenicity and safety data,
and no efficacy data would be available when human pandemic
influenza vaccines are first administered after a pandemic is
declared.

The risks and benefits of pandemic influenza vaccine will
need to be studies post marketing (Bouvier and Palese, 2008).
Vaccines contain live viruses, killed viruses, purified viral proteins,
inactivated bacterial toxins, or bacterial polysaccharides. In addition
to these immunogens, vaccines often contain other substances. For

This study showed that components of the thimerosal-
containing HIN1 vaccine caused oxidative stress and lipid
peroxidation in the brain tissue of adult male mice. The

markers were consistent with previous reports of thimerosal
toxicity as well as the high levels of oxidative stress observed
in the brains of autistic subjects.
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Effect of thimerosal on the neurodevelopment of

premature rats

Yan-Ni Chen, Jue Wang, Jie Zhang, Su-Jiao Li, Li He, Dong-Dong Shao, Hui-Ying Du

Xi'an, China

Background: This study was undertaken to determine
the effect of thimerosal on the neurodevelopment of
premature rats.

Methods: Thimerosal was injected into premature
SD rats at a dose of 32.8, 65.6, 98.4 or 131.2 pg/kg on
postnatal day 1. Expression of dopamine D4 receptor
(DRD4) and serotonin 2A receptor (5-HT2AR), apoptosis
in the prefrontal cortex on post-injection day 49,
and learning and memory function were studied and
compared with those in a control group injected with
saline.

Results: Expression of DRD4 and 5-HT2AR and
learning function decreased, and apoptosis increased
significantly in the 131.2 pg/kg group (P<0.001). Memory
function was significantly impaired by 65.6 (P<0.05), 98.4
and 131.2 pg/kg (P<0.001).

Conclusions: The negative adverse consequences
on neurodevelopment observed in the present study
are consistent with previous studies; this study raised
serious concerns about adverse neurodevelopmental
disorder such as autism in humans following the ongoing
worldwide routine administration of thimerosal-
containing vaccines to infants.

World J Pediatr 2013;9(4):356-360

Key words: dopamine D4 receptor;
neurodevelopment;
serotonin 2A receptor;
thimerosal

Introduction

eurological alterations that may result from
Nthimerosal exposure have recently become a

hot topic. Thimerosal exposure via vaccination
is thought to cause brain disorder.!” Since there is no
appropriate agent to replace, thimerosal is used as a
preservative in vaccines. Therefore, it is necessary
to determine the appropriate levels of thimerosal for
neurodevelopment. Studies'>*! have been focused on
neurological alterations after exposure to thimerosal
in rats, but further study is required to demonstrate the
acceptable levels of exposure for neurodevelopment.

Rat model is considered feasible for research
in intoxication following metal exposure. Leaming
and memory are important brain functions. And
the prefrontal cortex is a critical region receiving
stimulation for the development of learning and
memory function,"®) which is mainly executed by
neurotransmitters. The variants of dopamine D4
receptor (DRD4) are reported to be associated with
memory function of rats,””) whereas serotonin 2A
receptor (5-HT2AR) is correlated with impaired
episodic memory performance.”® It was reported that in
the human neuroblastoma cell line, thimerosal induced
mitochondria-mediated apoptosis.”’

In the present study, we investigated whether
thimerosal could induce alterations in expression of
DRD4 and 5-HT2AR, apoptosis of the prefrontal
cortex, and learning and memory functions in the
premature rats.

Thimerosal given to premature rat pups resulted in
neuronal cell death and delays in development as
compared to unexposed premature rats. Doses were

comparable to that seen in infants receiving the thimerosal

containing birth HepB vaccine. This affirms the

neurotoxicological effects of mercury in conjunction with
the developmental delays and impaired learning in autism.
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Thimerosal is a vaccine antimicrobial preservative which has
long been suspected an iatrogenic factor possibly contributing to
neurodevelopmental disorders including autism. The association
between infant vaccine thimerosal exposure and autism remains
an open question. Although thimerosal has been removed from
mandatory childhood vaccines in the United States, thimerosal-
preserved vaccinesare still widely used outside of the United States
especially in developing countries. Notably, thimerosal-containing
vaccines are being given to the newborns within the first 12-24 h af-
ter birth in some countries. To examine the possible neurotoxic ef-
fects of early neonatal exposure te a higher level of thimerosal, FVB
mice were subcutaneously injected with thimerosal-mercury at a
dose which is 20x higher than that used for regular Chinese infant
imnmunization during the first 4 months of life. Thimerosal-treated
mice exhibited neural development delay, social interaction defi-
ciency, and inclination of depression. Apparent neuropathological
changes were also observed in adult mice neonatally treated with
thimerosal. High-throughput RNA sequencing of autistic-behaved
mice brains revealed the alternation of a number of canonical path-
ways involving neuronal development, neuronal synaptic function,
and the dysregulation of endocrine system. Intriguingly, the eleva-
tion of anterior pituitary secreting hormones occurred exclusively
in male but not in female thimerosal-treated mice, demonstrating
for the first time the gender bias of thimerosal-mercury toxicity
with regard to endocrine system. Our results indicate that higher
dose of neonatal thimerosal-mercury (20x higher than that used
in human) is capable of inducing long-lasting substantial dysregu-
lation of neurodevelopment, synaptic function, and endocrine sys-
tem, which could be the causal involvements of autistic-like behav-
ior in mice.

_Service, 1999).

vative in many vaccines and medicinal preparations since 1930s
(Pless and Risher, 2000). It rapidly metabolizes to ethylmercury
and subsequently to inorganic mercury forms which accumu-
late in different organs/tissues including the brain for months or
years (Qvarnstrom ef al., 2003). The neurotoxicity of ethylmer-
cury has been well known (Zhang, 1984). Because the blood-
brain barrier of newborns is not well-developed, and the devel-
oping brain is uniquely vulnerable to neurotoxic hazard expo-
sure, thimerosal-mercurials are suspected pathogenic factors in
the etiology of several neurodevelopmental disorders, includ-
ing autism (Bernard ef al., 2001; Geier and Geier, 2003, 2005,
2006b; Hewitson et al., 2010; Majewska et al., 2010; Young
et al., 2008). However, the association between thimerosal ex-
posure via childhood vaccinations and neurodevelopmental dis-
orders such as autism remains an open question (Blaxill et al.,
2004; Kern et al., 2012; Nelson and Bauman, 2003). Several
independent epidemiological investigations support a hypothe-
sis linking this disorder with postnatal exposure to mercurials
(Gallagher and Goodman, 2010; Geier and Geier, 2003, 2004,
2006a,b; Mutter ef al., 2005; Young et al., 2008), whereas the
others do not support such a relationship (Heron and Golding,
2004; Hviid et al., 2003; Immunization Safety Review Commit-
tee, 2004; Madsen et al., 2003; Stehr-Green ef al., 2003; Thomp-
son et al., 2007; Verstraeten et al., 2003). Nevertheless, due to
concern of increased mercury exposure and elevated body bur-
dens in children (Ball et al., 2001), thimerosal has been removed
from mandatory childhood vaccines in the United States (Amer-
ican Academy of Pediatrics and United States Public Health

Results of mouse studies showed that thimerosal levels just 20 times
of that used in the Chinese infant vaccine schedule is capable of
inducing long lasting substantial dysregulation of neural development.

The study authors posited that thimerosal could have “causal
involvements of autistic-like behavior in mice.”
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ARTICLE INFO ABSTRACT
Anicle history: Introduction: Thimerosal (or Thiomersal) is a trade name for an organomercurial compound (sodium ethyl-
Received 9 January 2015 mercury (Hg) thiosalicylate) that is 49.55% Hg by weight, which rapidly decomposes in aqueous saline solutions

Received in revised form 6 February 2015
Accepted 14 February 2015
Available online 21 February 2015

into cthyl-Hg hydroxide and cthyl-Hg chloride. Developed in 1927, it has been and s still being used as a preser-
vative in some cosmetics, topical phanmaceuticals, and biological drug products, including vaccines. Concerns
have been voiced about its use because it is toxic to human cells. Although it is banned in several countries, it
continues to be added to some vaccines in the United States and many vaccines in the developing world.

-’[(;“m::ﬁ;l Discussion: This critical review focuses on the clinical, epidemiological, and biochemical studies of adverse effects
Ethylmercury from ‘Thimerosal in developing humans. This review will include research that examines fetal, infant, and
Humans childhood death; birth defects; neurodevelopmental testing deficits in children; and neurodevelopmental
Neurodevelopment disorders (attention deficit/hyperactivity disorder, autism spectrum disorder, tic disorder, and specilic develop-
mental delays). The review will also look at the research that examined the outcomes of acute accidental ethyl-
Hg poisoning in humans. The studies that examine the underlying biochemical insights into the neuronal cellular

damage will also be explored.
Conclusion: The culmination of the research that examines the effects of Thimerosal in humans indicates that it is a poi-
son at minute levels with a plethora of deleterious consequences, even at the levels cusvently administered in vacdnes.
© 2015 The Authors. Published by Elscvier B.V. This is an open access article under the CC BY- NC- Nikense
{http://creativecommons.org/licenses/by-nc-nd/4.0/).

Contents

This review article includes a section on numerous papers
linking thimerosal exposure via infant vaccines to autism. The
publication also includes a critique of studies supported or
conducted by the U.S. Centers for Disease Control (CDC) that

deny any associations between exposure to thimerosal in
vaccines and the subsequent development of autism. The
CDC has been criticized by Congress for inherent conflicts of
interest related to its vaccine development activities and role
in vaccine safety oversight.
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El timerosal y las enfermedades del
neurodesarrollo infantil

Luis Maya "2, Flora Luna 2

Restonen Se evahia la relacion causal entre el imerosal (etibmercurio), como preservante en lasvacunas
pediatricas, y el mcsernento de casos de erffermedadesclelnernocdesarrolloinfeontil, como consecuencia
de la ampliacion de los esquemas de inmuiizacion Sereviso la informacion cientifica, relacionando
el imerosaly las evidencias que permitan evaluar una posible asociacion causal, con estudios
epidemioldgicos, ecologicos, biomolecularesy taxicologicos; de biosegividad, toxicologicosfetales
ysobre salud reproductiva. Se enconno miiltiples asociaciones entre la expasicion a imerosaly las
enfermedades del newrodesarrollo infantil. Talnewotaxicidad ocurre e los infantes y fetos de
gestantes vacunadas por dosis acumulativa de mercurio. Las diversas evidencias implican al
timerosalcomo el agente causate, agravarite o disparador de las enfermecduades delnewrodesarvollo
infeantil. La taxicidaddel mercurio obligo al retiro progresivo del imerosal de los medicamentos.
Lamentablemente, enlas vacunas, ha habido una sustancial demora en la demostracion de su
impacto negativo. Actualmente, exister vacunas sin timerosal, ctyo uso esta ocasionando la
dismiscion de laincidencia de las erfermedades del netrode sasvollo isfannl.

Palabras clave Timerosal; autismo, enfermedades del sistemanervioso; desarvollo infantil; vacunas.

Thimerosal and children’s neurodevelopmental
disorders

Absouc

The causal relation of thimerosal (ednvimercury), preservative in
pediatric vaccines, and the increase of children’s
neurodevelopmental disorders as a result of the increase in
immurtization schemes is deteymined The scieniific information on
thimerosal and its influence on the child s netrodevelopmental
disorders is reviewed Evidences foundin epidemiological,
ecological, biomolecular; tavicology, biosectrity, fetal toxicology and
reproductive health studies signal the possible causal association
of thimerosal exposition and newrodevelopmental disorders of the
child Suchnewrotaxicityoccrns in ivifants and fenses of vaccinated
pregnantwomen, due tomercusy cumulative doses. The various
evidences imply thimerosal as the causal agent, aggravating or

Cruvently vaccines without thimerosal are caresingless incidence of

cildren s newodevelopmental disorders.

Keywords: Thimerosal; autism; nervous system diseases; child
development; vaccines.

INTRODUCCION

En el afio 2004, la Amenican Academy of Pediatrics (AAP)
y el Department of Health and Human Services de los Esta-
dos Unidos de Norteamérica (EE.UU.) lanzaron una aler-
ta epidémica, impresionados por el mimero cada vez mas
alarmante de casos de autismo y otros desérdenes difusos
del neurodesarrollo infantil, sefialando que para entonces 1
de cada 6 nifios norteamericanos tenia una trastorno del
A€54rioio O A€ 14 ."_J'J__A$'_

This review article cites epidemiological, ecological,
biomolecular, toxicology, fetal toxicology and reproductive

health studies that signal the possible causal association
of thimerosal exposure and the development of
neurodevelopmental disorders in children.
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Abstract

Recently higher rates of autism diagnosis suggest involvement of environmental factors in causing this developmental disorder, in concert with
genetic risk factors. Autistic children exhibit evidence of oxidative stress and impaired methylation, which may reflect effects of toxic exposure on
sulfur metabolism. We review the metabolic relationship between oxidative stress and methylation, with particular emphasis on adaptive responses
that limit activity of cobalamin and folatc-dependent methionine synthase. Mcthionine synthase activity is required for dopamine-stimulated
phospholipid methylation, a unique membrane-delimited signaling process mediated by the D4 dopamine receptor that promotes neuronal
synchronization and attention, and synchrony is impaired in autism. Genetic polymorphisms adversely affecting sulfur metabolism. methylation,
detoxification, dopamine signaling and the formation of neuronal networks occur more frequently in autistic subjects. On the basis of these
observations, a “‘redox/methylation hypothesis of autism’ is described, in which oxidative stress, initiated by environment factors in genctically
vulnerable individuals. leads to impaired methylation and ncurological deficits sccondary to reductions in the capacity for synchronizing neural
networks.
© 2007 Elsevier Inc. All rights rescrved.

Keywords: Arscnic; Attention: Attention-deficit hyperactivity disorder (ADHD); D4 dopamine receptor; Folic acid: Heavy metal; Lead: Mercury: Oxidative stress;
Neuronal synchronization; Pesticide: Phospholipid methylation; Thimerosal; Vitamin B,2: Xcnobiotic
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This paper explains how deficits in sulfur metabolism along
with toxic heavy metals exposure could lead to the

development of autistic disorder. It also points out genetic
mutations in sulfur metabolism that hinder heavy metals
detoxification occur more frequently in autistic patients.
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The plausibility of a role for mercury in the etiology of autism:
a cellular perspective

Matthew Garrecht and David W. Austin®

Swinburne Autism Bio-Research Initiative, Faculty of Life and Social Sciences,
Swinburne University of Technology, Hawthorn, Victoria 3122, Australia

(Received 8 December 2010; final version received 10 April 2011)

Autism is defined by a behavioral set of stereotypic and repetitious behavioral
patterns in combination with social and communication deficits. There is
emerging evidence supporting the hypothesis that autism may result from a
combination of genctic susceptibility and exposurc to environmental toxins at
critical moments in development. Mercury (Hg) is recognized as a ubiquitous
environmental neurotoxin and there is mounting evidence linking it to
ncurodevclopmental disorders, including autism. Of course, the cvidence is not
derived from experimental trials with humans but rather from methods focusing
on biomarkers of Hg damage, measurements of Hg exposure, epidemiological
data, and animal studies. For ethical reasons, controlled Hg exposure in humans
will never be conducted. Therefore, to properly evaluate the Hg-autism ctiological
hypothesis, it is essential to first establish the biological plausibility of the
hypothesis. This review examines the plausibility of Hg as the primary etiological
agent driving the cellular mechanisms by which Hg-induced ncurotoxicity may
result in the physiological attributes of autism. Key areas of focus include:
(1) route and cellular mechanisms of Hg exposure in autism; (2) current research
and cxamples of possible genctic variables that arc linked to both Hg scnsitivity
and autism; (3) the rolc Hg may play as an cnvironmental toxin fucling thc
oxidative stress found in autism; (4) role of mitochondrial dysfunction; and
(5) possible role of Hg in abnormal neuroexcitory and excitotoxity that may play
a rolc in the immunc dysrcgulation found in autism. Future rescarch directions
that would assist in addressing the gaps in our knowledge are proposed.

Keywords: autism; mercury; cellular; oxidative stress; mitochondrial; immune
dysfunction

Introduction
Rather than critically examining the extensive literature relating to the possible role of Hg

The authors review the route and cellular mechanisms of
mercury (Hg) exposuren autism; current research and
examples of possible gerietic variables that are linked to
both Hg sensitivity and autism; the role Hg may play as an

environmental toxin fuelifig the oxidative stress found in
autism; the role of mitochondrizl dysfunction; and the
possible role of Hg in abnormal neuroexcitory and
excitotoxity actions that may play a role in the immune
dysregulation found in autism.
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Thimerosal-Free Vaccines
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Abstract  Pediatric immunization is cssential to prevent,
control and eradicate children’s infectious discases. New-
borns and infants in less developed countries have a con-
centrated schedule of Thimerosal-containing vaccines
(TCVs); pregnant mothers are also immunized with TCVs.
Metabolic changes during early development are demon-
strably an important risk factor for cthylmercury (EtHg)
ctfects on neurodevelopment, while exposure to Thimero-
sal sensitizes susceptible individuals to life-long contact
dermatitis. Concerns regarding toxicity ol Hg have moved
rich nations to withdraw it from medicines and, in particu-
lar, Thimerosal from pediatric vaccines; it has been more
than 20 years since rich countries started using Thimerosal-
free vaccines. TCVs and Thimerosal-frce vaccines show
dissimilar profiles of adverse eftects. Thimerosal-free vac-
cines have shown a decrease in contact dermatitis, while
TCVs showed a significant association with increased risk
of tic disorders; in some circumstances, EtHg in combina-
tion with other neurotoxic substances negatively impacted
neurobehavioral tests. In studies that explored vaccines and
risk of tics, Thimerosal was a nccessary lactor. However,
when the binary exposure to organic Hg forms (TCV-EtHg
and {ish-MeHg) was considered, eflects on ncurobehavioral
tests were inconsistent. Conclusions: (a) The indiscrimi-
nate usc of pediatric-TCVs in less developed countries car-
rics an unjustifiable and excessive EtHg exposure with an
unnccessary risk of neurotoxicity to the developing brain;
(b) measurable benefits (of Thimerosal-frec) and measur-
able risks of tic disorders have been associated with the

José G. Dérea
jg.dorea@gmail.com

! Professor Emeritus. Faculty of Health Sciences. Universidade

de Brasilia, 70919-970 Brasflia, DF, Brazil

Published online: 24 April 2017

(Thimerosal-containing) type of vaccine; (c¢) Thimerosal-
tfree vaccines are clinically and toxicologically justifiable
and they should be available to children in less developed
countries.

Keywords Thimerosal-free vaccines - Ethylmercury -
Infants - Contact dermatitis - Tic disorders

The author of this review article
contrasts the medical outcomes
of children who receive
thimerosal-containing vaccines
versus thimerosal-free vaccines.
Neurological disorders have
been shown to be associated

with exposure to thimerosal in
vaccines. The author calls for
the complete removal of
thimerosal in vaccines
especially in developing
countries where they are used
most prevalently.
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Recurrence of Autism Spectrum Disorders in Full-
and Half-Siblings and Trends Over Time
A Population-Based Cohort Study

Therese K. Granborg. MS¢: Diana E. Schenddl, PhD: Enk T. Pamer, MSc. PhD

Supplememal content at
IMPORTANCE To date, thisis the first population-based study to examine the recurrence risk jamapediatrics.com
for autism spectrum disorders (ASDs), induding time trends, and the first study to consider
the ASDs reaurrence risk for full- and half-siblings.

OBJECTIVES To estimate the relative reaarence risk for ASDs ina Danish population,
induding recurrence in full- and half-siblings, and to examine time trends in ASDs relative to
the requmence risk.

DESIGN. SETTING, AND PARTICIPANTS Population-based cohort study in Denmari. All children
(about 1.5 million) bom in Derunark between January 1, 1980, and December 31, 2004, were
Identifled and followed up to December 31, 2010. We Identified a matemal sibling submhort
derived from mothers with at laast 2 children and a patemal sibling subcohort derived from
fathers with at least 2 children.

EXPOSURES Children havingan older sibling with ASDs are compared with children not
having an older stbling with ASDs.

MAIN GUTCOMES AND MEASURES The adjusted hazard ratio for ASDs among children having
an older sibling with ASDs compared with children not having an older sibling with ASDs.

RESULTS The overall relative recurrence risk for ASDs was 6.9 (95% Cl, 6.1-7.8), and it did not

. change significantly over times simllar risks were observed in maternal and patemal
full-sibings. The relative recurrence risks were 2.4 (95% C1, 14-4.1) for matemal half-siblings
and 1.5 (95% Cl, 0.7-34) for patemal half-siblings.

CONCLUSIONS AND RELEVANCE Our population-based reaurence risk estimate s lower than
the recently reported estbmates from dinical ssmples. Our results demanstrate no time trend
in the ASDs recurrence risk as seen in the ASDs prevalence. The difference In the recurrence
risk between full- and half-siblings supports the role of genetics in ASDs, while the significant
rensrence risk in mavernal half-siblings may suppert the role of factors associated with
pregrancy and thematemazl intrautesine envirorunant in ASDs.

This CDC authored publication shows that ASD prevalence
rates in Denmark decreased by 30% from 1994 to 2004
after Denmark removed Thimerosal from their vaccines in

1992. This result is directly counter to an earlier study in
2003, the notorious and thoroughly discredited Madsen
study that CDC has nevertheless touted as dispositive of
the thimerosal/autism link.
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A Dose-Response Relationship between Organic Mercury
Exposure from Thimerosal-Containing Vaccines and
Neurodevelopmental Disorders
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The risk of developmental disorders including PDD was
assessed on a per microgram mercury (from thimerosal)
basis for exposures during the first six months of life. Both

PDD and tic disorder (which is seen much more frequently
in children with autism) were signficantly correlated to
mercury exposure within this time period.

Abstract: A hypothesis testing case-control study evaluated concems about the toxic etfects
of organic-mercury (I1g) exposure from thimerosal-containing (49.55% g by weight)
vaccines on the risk of neurodevelopmental disorders (NDs). Automated medical records
were examined to identify cases and controls enrolled from their date-of-birth (1991-2000)
in the Vaccine Safety Datalink (VSD) project. ND cases were diagnosed with pervasive
developmental disorder (PDD), specific developmental delay, tic disorder or hyperkinetic
syndrome of childhood. In addition, putative non-thimerosal-related outcomes of febrile
seizure, failure to thrive and cerebral degenerations were examined. The cumulative total
dose of g exposure from thimerosal-containing hepatitis B vaccine (T-IIBV) administered
within the first six months of life was calculated. On a per microgram of organic-IHg basis,
PDD (odds ratio (OR) = 1.054), specific developmental delay (OR = 1.035), tic disorder
(OR = 1.034) and hyperkinetic syndrome of childhood (OR = 1.05) cases were
significantly more likely than controls to receive increased organic-Hg exposure. By
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There are over 165 studies that have focused on Thimerosal, an organic-mercury (Hg) based compound, used as a preservative in
many childhood vaccines, and found it to be harmful. Of these, 16 were conducted to specifically examine the effects of Thimerosal
on human infants or children with reported outcomes of death; acrodynia; poisoning; allergic reaction; malformations; auto-
immune reaction; Well's syndrome; developmental delay; and neurodevelopmental disorders, including tics, speech delay, language
delay, attention deficit disorder, and autism. In contrast, the United States Centers for Disease Control and Prevention states that
Thimerosal is sate and there is “no relationship between [T]himerosal[-]containing vaccines and autism rates in children.” This
is puzzling because, in a study conducted directly by CDC epidemiologists, a 7.6-fold increased risk of autism from exposure to
Thimerosal during infancy was found. The CDCs current stance that Thimerosal is safe and that there is no relationship between
Thimerosal and autism is based on six specific published epidemiological studies coauthored and sponsored by the CDC. The
purpose of this review is to examine these six publications and analyze possible reasons why their published outcomes are so
different from the results of investigations by multiple independent research groups over the past 75+ years.

This review article shows methodological flaws in six
separate CDC studies claiming that thimerosal does not
cause autism. In three specific instances (Madsen et al.
2003, Verstraeten et al. 2003 and Price et al. 2010)

evidence of malfeasance on the part of CDC scientists is
shown. Background data (not reported in print) from these
three publications suggest a strong link between
thimerosal exposure and autism.
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ABSTRAGT

Aim: Autism is a developmental disability characterized by severe deficits in social inter-
action and communication. The definite cause of autism is still unknown. The aim of this
study is to find out the relation between exposure to Lead and/or mercury as heavy metals
and autistic symptoms, dealing with the heavy metals with chelating agents can improve
the autististic symptoms.

Method: Blood and hair samples were obtained from 45 children from Upper Egypt with
autism between the ages of 2 and 10 years and 45 children served as controls in the same
agerange, after taken an informed consent and fill a questionnaire to assess the risk factors.
The samples were analyzed blindly for lead and mercury by using atomic absorption and
ICP-MS. Data from the two groups were compared, then follow up of the autistic children
after treatment with chelating agents were done.

Results: The results obtained showed significant difference among the two groups, there
was high level of mercury and lead among those kids with autism. Significant decline in
the blood level of lead and mercury with the use of DMSA as a chelating agent. In addition,
there was decline in the autistic symptoms with the decrease in the lead and mercury level
fn blood.

Conclusion: Leadand mercury considered as one of themain causes of autism. Environmental
exposure as well as defect in heavy metal metabolism is responsible for the high level of
heavy metals. Detoxification by chelating agents had great role in improvement of those

kids.
© 2014 Elsevier B.V. All rights reserved.

Blood levels of mercury and lead were found to be much
higher in autistic children as compared to normal controls.
Upon chelation, the blood levels of these heavy metals

decreased and autistic symptoms improved, which strongly
supports a causal relationship between metals and the
physical manifestations associated with a diagnosis of
autism.

http://dx.doi.org/10.1016/j.etap.2014.10.005

1382-6689/© 2014 Elsevier B.V. All rights reserved.
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A two-phase study evaluating the relationship
between Thimerosal-containing vaccine
administration and the risk for an autism spectrum
disorder diagnosis in the United States

David A Geier , Brian S Fooker?, Jaret K Kern'?, Paul G Kirg®, Lisa K Sykes" and Mark R Geier""

Abstract

Background: Autism spectrum disorder (ASD) is defined by standardized criteria of qualitative impairments in social
interaction, qualitative impairments in communication, and restricted and stereotyped patterns of behavior,
interests, and activities. A significant number of children diagnosed with ASD suffer a loss of previously-acquired
skills, which is suggestive of neurodegeneration or a type of progressive encephalopathy with an etiological
pathogenic basis occurring after birth. To date, the etiology of ASD remains under debate, however, many studies
suggest toxicity, especially from mercury (Hg), in individuals diagnosed with an ASD. The present study evaluated
concerns about the toxic effects of organic-Hg exposure from Thimerosal (49.55% Hg by weight) in childhood
vaccines by conducting a two-phased (hypothesis generating/hypothesis testing) study with documented exposure
to varying levels of Thimerosal from vaccinations.

Methods: A hypothesis generating cohort study was undertaken to evaluate the relationship between exposure to
organic-Hg from a Thimerosal-containing Diphtheria-Tetanus-acellu'ar-Pertussis (DTaP) vaccine in comparison to a
Thimerosal-free DTaP vaccine administered, from 1998 through 2000, for the risk of ASD as reported in the Vaccine
Adverse Event Reporting System (VAERS) database (phase |). A hypothesis testing case-control study was
undertaken to evaluate the relationship between organic-Hg exposure from Thimerosal-containing hepatitis B
vaccines administered at specific intervals in the first six months of life among cases diagnosed with an ASD and
controls born between 1991 through "999 in the Vaccine Safety Datalink (VSD) database (phase II).

Results: In phase |, it was observed that there was a significantly increased risk ratio for the incidence of ASD
reported following the Thimerosal-containing DTaP vaccine in comparison to the Thimerosa -free DTaP vaccine. In
phase Il, it was observed that cases diagnosed with an ASD were significantly more likely than controls to receive
increased organic-+g from Thimerosal-containing hepatitis B vaccine administered within the first, second, and sixth
month of life.

Conclusions: Routine childhood vaccination is an important pubtic health tool to reduce the morbidity and
mortality associated with infectious diseases, but the present study provides new epidemiological evidence
supporting an association between increasing organic-Hg exposure from Thimerosa'-containing childhood vaccines
and the subsequent risk of an ASD diagnosis.

In phase one of this study the investigators using Vaccine Adverse Event
Reporting System (VAERS) data reported a significantly elevated risk of
developing autism after a child received a DTaP vaccine with thimerosal in
comparison to children who received a thimerosal free DTaP vaccine In the
second phase of the study the investigators using the CDC’s Vaccine Safety

Datalink (VSD) program found that children diagnosed with autism were
much more likely to have received thimerosal containing hepatitis B vaccine
during the first, second and sixth month of life than control children. The
VSD database includes hundreds of thousands of children’s electronic
health data and is used for vaccine safety monitoring.
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Increased risk of developmental neurologic impairment after high exposure to thimerosal-containing vaccine in first

month of life.

Background: Concern has risen on the presence of the ethylmercury containing preservative
thimerosal in vaccines. We assessed the risk  for neurologic and renal impairmentassociated with past exposure
to thimerosal-containing vaccine using automated data from the Vaccine Safety Daralink (VSD). ~ VSD is a large linked
database from four health maintenance organizations in Washington, Oregon and California, containing immunization,

medical visit and demugraphic data un over 400,000 infants born between ‘91 and '97.

+ —~—Methods: We categorized the cumulative ethylmercury exposure from thimerosal containing vaccines after one month of -~~~ —

- life and assessed the subsequent risk of degenerative and developmental neurélogic disorders and renal disorders before the
age of six. We applied proportional hazard models adjusting for HMO, year of birth, and gender, excluding premature babies.
Results: We identified 286 children with degenerative and 3702 with developmental neurologicdisorders, and 310 with renal
disorders. The relative risk (RR) of developing a neurologic development disorder was 1.8 (95% confidence intervals [Ci] =
1.1-2.8) when comparing the highest exposure group at 1 month of age (cumulative dose > 25 ug) to the unexposed group.
Within this group we also found an elevated risk for the following disorders: autism (RR 7.6, 95% Cl = 1.8-31.5), nonorganic
sleep disorders (RR 5.0, 95% Cl = 1.6-15.9), and speech disorders (RR 2.1,95% C1=1.1-4.0).  For the neurologic degenerative
and renal disorders group we found no significantly increased risk ora decreased risk.

Conclusion: This analysis suggests that high exposure to ethylmercury from thimerosal-containing vaccines in the first month
of life increases the risk of subsequent development of neurologic developmentimpairment, but not of neurologic degenerative

orrenal impairment.  Further confirmatory studies are needed.

This original version of the Verstraeten et al. paper shows a 7.6-fold
risk of an autism diagnosis for children exposed to thimerosal in the
first month of life compared to unexposed controls. Prior to the
final publication of the paper statistical methods were altered

which resulted in a decrease in the statistical power of the study to
detect associations. The author of the paper labeled the study
results as being neutral and called for more research. This study is
often touted by the CDC as being evidence that thimerosal
exposure is not associated with autism.




Neurodevelopmental Disorders after
Thimerosal-Containing Vaccines:
A Brief Communication

MARK R. GEIER' AND DAVID A. GEIER
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We were initially highly skeptical that differences in the concen-
trations of thimerosal in vaccines would have any effect on the
Incidence rate of neurodevelopmental disorders after childhood
Immunization. This study presents the first epidemlologic evi-
dence, based upon tens of millions of doses of vaccine admin-
istered in the United States, that associates increasing thimero-
sal from vaccines with neurodevelopmental disorders. Specifi-
cally, an analysis of the Vaccine Adverse Events Reporting
System (VAERS) database showed statistical increases in the
Incidence rate of autism (relative risk [RR] = 6.0), mental retar-
dation (RR =6.1), and speech disorders (RR = 2.2) after thimero-
sal-contalning diphtheria, tetanus, and acellular pertussis
(DTaP) vaccines in comparison with thimerosal-free DTaP vac-
cines. The male/female ratio indicated that autism (17) and
speech disorders (2.3) were reported more in males than fe-
males after thimerosal-contalning DTaP vaccines, whereas
mental retardation (1.2) was more evenly reported among male
and female vaccine recipients. Controls were employed to de-
termine Iif biases were present in the data, but none were found.
it was determined that overall adverse reactions were reported
In similar-aged populations after thimerosal-contalning DTaP
(2.4 = 3.2 years old) and thimerosal-free DTaP (2.1 + 2.8 years
old) vaccinations. Acute control adverse reactions such as
deaths (RR = 1.0), vasculltls (RR = 1.2), seizures (RR = 1.6), ED
visits (RR = 1.4), total adverse reactions (RR = 1.4), and gastro-
enteritis (RR = 1.1) were reported similarly after thimerosal-
contalning and thimerosal-free DTaP vaccines. An association
between neurodevelopmental disorders and thimerosal-
containing DTaP vaccines was found, but additional studies
should be conducted to confirm and extend this study. Exp Biol
Med 228.660-664, 2003

Key words: autism; neurodevelopmental disorders; thimerosal;
VAERS

In a study of the VAERS database, incidence of autism reports was

pound that is metabolized to ethylmercury and thiosa-

licylate and has been present since the 1930s as a pre-
servative in some vaccines and pharmaceutical products to
prevent bacterial and fungal contamination, has come under
scrutiny. It was determined by the U.S. Food and Drug
Administration (FDA) in 1999 under the recommended
childhood immunization schedule that infants might be ex-
posed to cumulative doses of ethylmercury that exceed
some federal safety guidelines established for exposure to
methylmercury, another form of organic mercury (1).

The hypothesis that exposure to thimerosal-containing
vaccines could be associated with neurodevelopmental dis-
orders is not established and rests on indirect and incom-
plete information, primarily from analogies with methyl-
mercury and levels of maximum mercury exposure from
vaccines given in children. The hypothesis is biologically
possible, but the possible relationship between thimerosal
from vaccines and neurodevelopmental disorders of autism,
attention deficit/hyperactivity disorder (ADHD), and speech
or language delay remains seriously suspect. As of the pres-
ent, there are no peer-reviewed epidemiological studies in
the scientific literature examining the potential association
between thimerosal-containing vaccines and neurodevelop-
mental disorders. Here, we show the first epidemiologic
evidence, based upon tens of millions of doses of vaccine
administered in the United States, that associates increas-
ing thimerosal from vaccines with neurodevelopmental
disorders.

Materials and Methods
In this study, the incidence of neurodevelopmental dis-
orders in a comparative examination between thimerosal-

In recent years, thimerosal, an organic mercury com-

studied after the administration of thimerosal-containing versus
thimerosal-free DTaP vaccines. The relative risk in this comparison

was 6.0 and was highly statistically significant. Mental retardation
and speech delays were also significantly correlated to thimerosal
exposure via the DTaP vaccine.
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Summary

Background: | The purpose of the study was to evaluate the effects of MMR immunization and mercury from
thimerosal-containing childhood vaccines on the prevalence of autism.

Material/Methods: | Evaluations of the Biological Surveillance Summaries of the Centers for Disease Control and
Prevention (CDC), the U.S. Department of Education datasets, and the CDC’s yearly live birth
estimates were undertaken.

Results: | 1twas determined that there was a close correlation between mercury doses from thimerosal-
-containing childhood vaccines and the prevalence of autism from the late 1980s through the
mid-1990s. In contrast, there was a potential correlation between the number of primary
pediatric measles-containing vaccines administered and the prevalence of autism during the
1980s. In addition, it was found that there were statistically significant odds ratios for the
development of autism following increasing doses of mercury from thimerosal-containing vac-
cines (birth cohorts: 1985 and 1990-1995) in comparison to a baseline measurement (birth
cohort: 1984). The contribution of thimerosal from childhood vaccines (>50% effect) was
greater than MMR vaccine on the prevalence of autism observed in this study.

Conclusions: | The results of this study agree with a number of previously published studies. These studies
have shown that there is biological plausibility and epidemiological evidence showing a direct
relationship between increasing doses of mercury from thimerosal-containing vaccines and
neurodevelopmental disorders, and measles-containing vaccines and serious neurological dis-
orders. It is recommended that thimerosal be removed from all vaccines, and additional
research be undertaken to produce a MMR vaccine with an improved safety profile.

key words: autism < ethylmercury « MMR < neurodevelopmental disorders < thimerosal

The study authors investigated Biological Surveillance Summaries of
the Centers for Diseas@ Control and Prevention (CDC), the U:S.
Department of Education datasets, and the CDC's yearly live birth
estimates to look at the prevalence of autism in the 1980s and 90s.

This study showed that autism rates correlated with increases in
uptake of thimerosal containing vaccines as compared to a baseline
level in 1984.



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 disaorders (NDs), firstobserved 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
(TCVs). 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
abserved 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 to the
expansion and subsequent contraction of the cumulative mercury
dose to which children were exposed from TCVs through the U.S.
immunization schedule.

Background

In 2004, the Department of Health and Human Services and
the American Academy of Pediatrics (AAP) issucd an Autism
A.LARM, stating that 1 in 166 children currently have an
autistic disorder, and | in 6 children have a developmental and/or
behavioral disorder. Autism, once rare, is now more prevalent
than childhood cancer, diabetes, and Down syndrome.' Epidemic
trends  in neurodevelopmental disorders (NDs) were first
observed in the United States during the 1990s,”* and cannot be
explained by immigration, changed diagnostic criteria, or
improved identification.*

Autism is an ND characterized by impairments in social
relatedness and communication, repetitive behaviors, and
stereotypic abnormal movements." While genetic factors are
important in the pathogenesis of autistic disorders, a role for
environmental factors has received considerable attention.

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 (jtg) of mercury during the
first6months oflife." *

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 ofthimerosal from all vaccines." ‘It has beenestimated 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
inthe United States.

Considering all significant environmental exposures to
mercury, such as through breast milk, TCVs representalmost 50%
of the total mercury dose some infants received.' “The 187.5 pg of
mercury through TCVs plus the average of 164 g from breast milk
during the first 6 months exceeded the methylmercury safety
guidelines cstablished by the U.S. Environmental Protection
Agency (EPA), Health Canada, the World Health Organization
(WHO), the Agency for Toxic Substances Disease Registry
(ATSDR), and the U.S. Food and Drug Administration (FDA)." ®
With no additional exposure from any source, these doses also
exceeded the methylmercury guidelines for the first year of life set
by all ofthescagencies exceptthe FDA.**

Despite its removal from many childhood vaccines, thimerosal
is still routinely added to some formulations of influenza vaccine
administered to U.S. infants, as well as to several other vaccines
(e.g. tetanus-diphtheria and monovalent tetanus) administered to
older children and adults. In 2004, the Institute of Medicine (IOM)
ofthe U.S. National Academy of Sciences (NAS) retreated from the
stated 1999 goal oftheAAP andthe PHStoremove thimerosal from
U S. vaccmes as soonaspossuble F unhemmxe many nations st1ll

Using VAERS data, the study authors show a downward trend in
autism and speech delay reports following the phase out of

thimerosal containing vaccines in the U.S. but prior to the
widespread use of thimerosal containing maternal and infant
flu vaccines.

8 Journal of American Physicians and Surgeons  Volume 11

Number 1 Spring "006
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Abstract BACKGROUND: Thimerosal is an ethylmercury-containing compound (49.6%
mercury by weight) used as at the preservative level in vaccines (0.005% to
0.019%).

METHODS: Statistical modeling in a meta-analysis epidemiological assessment of
the Vaccine Adverse Event Reporting System (VAERS) for neurodevelopment dis-
orders (NDs) reported following Diphtheria-Tetanus-whole-cell-Pertussis (DTP)
vaccines in comparison to Diphtheria-Tetanus-whole-cell-Pertussis-FHaemophilus
Influenzae Type b (DTPH) vaccines (administered: 1994-1997) and following
Thimerosal-containing Diphtheria-Tetanus-acellular-Pertussis (DTaP), vaccines
in comparison to Thimerosal-free DTaP vaccines (administered: 1997-2000), was
undertaken.

RESULTS: Significantly increased adjusted (sex, age, vaccine type, vaccine manu-
facturer) risks of autism, speech disorders, mental retardation, personality disor-
ders, thinking abnormalities, ataxia, and NDs in general, with minimal systematic
error or confounding, were associated with TCV exposure.

CONCLUSION: It is clear from the results of the present epidemiological study
and other recently published data associating mercury exposure with childhood
NDs, additional ND research should be undertaken in the context of evaluating
mercury-associated exposures, especially from Thimerosal-containing vaccines.
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Metanalyses completed on the VAERS database show a
statistically significant relationship between autism

reports and the administration of thimerosal containing
DTaP versue thimerosal free DTaP vaccines.

GLAIEBOINE LB S BRI Gl



Journal of the Neurological Sciences 280 (2009) 101-108

Journal of the Neurological Sciences

journal homepage: www.elsevier.com/locate/jns

Contents lists available at ScienceDirect

Biomarkers of environmental toxicity and susceptibility in autism*

David A. Geier *®, Janet K. Kern 9, Carolyn R. Garver €, James B. Adams ¢, Tapan Audhya |,

Robert Nataf®, Mark R. Geier ™*

* Institute of Chronic Hinesses, Inc, Silver Spring, Maryland, USA

Y CoMeD, Inc., Silver Spring, Maryland, USA
€ Autism Treatment Center, Dallas. Texas, USA

9 University of Texas Southwestern Medical Center, Datlas, Texas, USA

¢ Arizona State University, Tempe, Arizona, USA
! Vitamin Diagnostics, Cliffivood Beach, New Jersey, USA
¢ Laboratoire Philippe Auguste, Paris, france

" The Genetic Centers of America, Silver Spring, Maryland, USA

ARTICLE INFO

Article history:

Received 21 May 2008

Received in revised form 11 August 2008
Accepted 15 August 2008

Available orline 25 September 2008

Keywords:

Heavy metal

Metabolic endophenotype
Sulfation

Sulfur

ABSTRACT

Autism spectrum disorders (ASDs) may result from a combination of genetic/biochemical susceptibilities in
the form of a reduced ability to excrete mercury and/or increased environmental exposure at key
developmental times. Urinary porphyrins and transsulfuration metabolites in participants diagnosed with an
ASD were examined. A prospective, blinded study was undertaken to evaluate a cohort of 28 participants
with an ASD diagnosis for Childhood Autism Rating Scale (CARS) scores, urinary porphyrins, and
transsulfuration metabolites. Testing was conducted using Vitamin Diagnostics, Inc. (CLIA-approved) and
Laboratoire Philippe Auguste (I1SO-approved). Participants with severe ASDs had significantly increased
mercury intoxication-associated urinary porphyrins (pentacarboxyporphyrin, precoproporphyrin, and
coproporphyrin) in comparison to participants with mild ASDs, whereas other urinary porphyrins were
similar in both groups. Significantly decreased plasma levels of reduced glutathione (GSH). cysteine, and
sulfate were observed among study participants relative to controls. In contrast, study participants had
significantly increased plasma oxidized glutathione (GSSG) relative to controls. Mercury intoxication-
associated urinary porphyrins were significantly correlated with increasing CARS scores and GSSG levels,
whereas other urinary porphyrins did not show these relationships. The urinary porphyrin and CARS score
correlations observed among study participants suggest that mercury intoXication is significantly associated
with autistic symptoms. The transsulfuration abnormalities observed among study participants indicate that
mercury intoxication was associated with increased oxidative stress and decreased detoxification capacity.

© 2008 Elsevier B.V. All rights reserved.

Mothers receiving thimerosal containing Rho(D) immune
globulin injections while pregnant because they had Rh
negative blood type had a significantly higher rate of children
who developed autism. Overall, twice as much autism was

seen in children exposed to thimerosal prenatally when
compared to a control group of children who had no
prenatal exposure to thimerosal.
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Case-Control Assessment of Medical e
Records in the Vaccine Safety Datalink

David A. Geier'?, Janet K. Kern''??, Kristin G. Homme*, and Mark R. Geier'??

Abstract

Background: Autism spectrum disorder (ASD), tic disorder (TD), and hyperkinetic syndrome of childhood (attention deficit
disorder [ADD]/attention deficit hyperactivity disorder [ADHD]) are disorders recently defined as abnormal connectivity
spectrum disorders (ACSDs) because they show a similar pattern of abnormal brain connectivity. This study examines whether
these disorders are associated with exposure to thimerosal, a mercury (Hg)-based preservative.

Methods: A hypothesis testing case-control study evaluated the Vaccine Safety Datalink for the potential dose-dependent odds
ratios (ORs) for diagnoses of ASD, TD, and ADD/ADHD compared to controls, following exposure to Hg from thimerosal-
containing Haemophilus influenzae type b vaccines administrated within the first |15 months of life. Febrile seizures, cerebral
degeneration, and unspecified disorders of metabolism, which are not biologically plausibly linked to thimerosal, were examined
as control outcomes.

Results: On a per 25 ug Hg basis, cases diagnosed with ASD (OR = 1.493), TD (OR = |.428), or ADD/ADHD (OR = 1.503)
were significantly (P < .001) more likely than controls to have received increased Hg exposure. Similar relationships were
observed when separated by gender. Cases diagnosed with control outcomes were no more likely than controls to have received
increased Hg exposure.

Conclusion: The results suggest that Hg exposure from thimerosal is significantly associated with the ACSDs of ASD, TD, and
ADD/ADHD.

Keywords
Asperger, autism, ethylmercury, PDD-NOS, thimerosal, Tourette, ADD/ADHD, Mercury

Introduction It has also been hypothesized that the etiological basis of

ACSDs is plausibly related t onal insult (eg,
Autism spectrum disorder (ASD), tic disorder (TD), and S 1% playsibly elater. or peisonal Arsult (€3

hyperkinetic syndrome of childhood (also known as atten-

In this study, the CDC’s Vaccine Safety Datalink was employed to
show that ASD patients received higher levels of thimerosal in :
their infant vaccines. The odds ratio was determined as 1.493 and

the result was statistically significant. This trend was also observed
for patients diagnosed with tic disorder and hyperkinetic disorder
in children.
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HEPATITIS B VACCINATION OF MALE NEONATES AND AUTISM DIAGNOSIS,
NHIS 1997-2002
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Universal hepatitis B vaccination was recommended for U.S. newborns in 1991; however,
safety findings are mixed. The assaciation between hepatitis B vaccination of male neonates
and parental report of autism diagnosis was determined. This cross-sectional study used
weighted probability samples obtained from National Health Interview Survey 1997-2002
data sets. Vaccination status was determined from the vaccination record. Logistic regres-
sion was used to estimate the odds for autism diagnosis associated with neonatal hepatitis B
vaccination among boys age 3-17 years, born before 1999, adjusted for race, maternal edu-
cation, and two-parent household. Boys vaccinated as neonates had threefold greater odds
for autism diagnosis compared to boys never vaccinated or vaccinated after the first month
of life. Non-Hispanic white boys were 64% less likely to have autism diagnosis relative to
nonwhite boys. Findings suggest that U.S. male neonates vaccinated with the hepatitis B vac-
cine prior to 1999 (from vaccination record) had a threefold higher risk for parental report of
autism diagnosis compared to boys not vaccinated as neonates during that same time period.
Nonwhite boys bore a greater risk.

Downloaded By: [Hooker, Brian] At: 19%:5e B8 June 2011

Universal newborn immunization with the
hepatitis B vaccination was recommended
in 1991 (CDC, 1991). A recent narrative
review concluded that hepatitis B vaccines
available since 1982 are safe and effective
(Demirjian & Levy, 2009); however, safety
findings from individual studies are mixed.
In Vaccine Safety Datalink studies, Lewis et al.
(2007) reported no evidence of a significant
association between vaccination at birth and
fever or neurological adverse events, Naleway
et al. (2009) found an elevated, although

reporled no association between autism and
vaccination with the hepatitis B vaccination
during the first month of life. Additionally,
Marques et al. (2007) found no association
between time of hepatitis B vaccination, i.e.,
within 24 hrs versus 2-4 days postnatally, and
neurodevelopment delays at 6 months of age.
In contrast, increased risk for central nervous
system inflammatory demyelination in child-
hood were associated with hepatitis B vaccina-
tion (Mikaeloff et al., 2009). Further, hepatitis
B vaccination has been associated with acute

The study authors investigated the Nationai Healtn

Inventory Survey (a very large national database) and
found that boys receiving the full Hepatitis B series were 3
times as likely to receive an autism diagnosis as compared

to those not receiving any HepB vaccine (a statistically
significant finding). Non-white boys were found to have a
significantly worse outcome after Hep B vaccination.c
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Abstract Thimerosal is an organic mercury (Hg)-containing
compound (49.55 % Hg by weight) historically added to many
multi-dose vials of vaccine as a preservative. A hypothesis
testing case-control study evaluated automated medical re-
cords in the Vaccine Safety Datalink (VSD) for organic Hg
exposure from Thimerosal in Haemophilus influenzae type b
(Hib)-containing vaccines administered at specific times with-
in the first 15 months of life among subjects diagnosed with
pervasive developmental disorder (PDD) (#n=534) in compar-
ison to controls. The generally accepted biologically non-
plausible linkage between Thimerosal exposure and subse-
quent diagnosis of febrile seizure (2=5886) was examined as
a control outcome. Cases diagnosed with PDD received sig-
nificantly more organic Hg within the first 6 months of life
(odds ratio (OR)=1.97, p<0.001) and first 15 months of life
(OR=3.94, p<0.0001) than controls, whereas cases diag-
nosed with febrile seizure were no more likely than controls
to have received increased organic Hg. On a per microgram of
organic Hg basis, cases diagnosed with a PDD in comparison
te controls were at significantly greater odds (OR=1.0197,
p<0.0001) of receiving increasing organic Hg exposure with-
in the first 15 months of life, whereas cases diagnosed febrile
seizure were no more likely than controls (OR=0.999,
p>0.20) to have received increasing organic Hg exposure
within the first 15 months of life. Routine childhood
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vaccination is an important public health tool to reduce the
morbidity and mortality associated with infectious diseases,
but the present study provides new epidemiological evidence
of a significant relationship between increasing organic Hg
exposuwre from Thimerosal-containing vaccines and the sub-
sequent risk of PDD diagnosis in males and females.

Keywords Autism - Ethylmercury - Merthiolate -
Thimerosal - Thiomersal - Vaccine

Introduction

Thimerosal is an organic mercury (Hg)-containing compound
(49.55 % Hg by weight) historically added to many multi-
dose vials of vaccine as a preservative since the 1930s [1].
Thimerosal is initially metabolized into ethyl-Hg compounds
and thiosalicylate and rapidly binds onto thiol groups found
on many proteins in human blood [2]. It is then actively
transported across the blood brain barrier, including by the
L-type neutral amino acid carrier transport (LAT) system, into
human neuronal cells [3, 4], where it significantly accumu-
lates and persists for many months following exposure and
alters numbers of neurons in the dentate gyrus of the hippo-
campus and thalamus [5, 6).
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In this case-control study of pervasive development disorder (PDD)
in U.S. children, cases were consistently exposed to higher levels of
thimerosal via infant vaccines at both 6 months of age and 15

months of age, based specifically on Haemophilus influenzae type
b vaccines. Differences between exposures in cases and controls
were statistically significant at both ages evaluated.
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Background: This study evaluated the hypothesis that the 1999 recommendation by the American Academy of Pediatrics
(AAP) and US Public Health Service (PHS) to reduce exposure to mercury (Hg) from Thimerosal in US vaccines
would be associated with a reduction in the long-term risk of being diagnosed with autism.

Material/Methods: A two-phase assessment utilizing a case (n=73) -control (n=11,783) study in the Vaccine Adverse Event Reporting
System (VAERS) database (for hypothesis generating) and a more rigorous, independent matched case (n=40)
-control (n=40) study (hypothesis testing) was undertaken.

Results: Analysis of the VAERS database using logistic regression revealed that the odds ratio (OR) for being an autism
case in the VAERS database significantly decreased with a more recent year of vaccination in comparison to
controls (OR=0.65) from 1998 to 2003. Sex-separated analyses revealed similar significant effects for males
(OR=0.62) and females (OR=0.71). Analyses of the matched case-control data revealed, using the t-test statis-
tic, that the mean date of birth among cases diagnosed with an autism spectrum disorder (ASD) (2000.5+1.2)
was significantly more in the past than in controls (2001.1+ 1.3). Logistic regression also revealed that the OR
for being diagnosed with ASD significantly decreased with a more recent date of birth in comparison to con-
trols (OR=0.67) from 1998-2003.

Conclusions: This study reveals that the risk of autism during from the late1990s to early 2000s in the US significantly de-
creased with reductions in Hg exposure from Thimerosal-containing childhood vaccines, but future studies
should examine this phenomenon in other US populations. Vaccine programs have significantly reduced the
morbidity and mortality associated with infectious disease, but Thimerosal should be removed from all vaccines.

MeSH Keywords: Autistic Disorder « Child Development Disorders, Pervasive ¢ Ethylmercury Compounds ¢ Thimerosal

Full-text PDF: http://www.medscimonit.com/abstract/index/idArt/900257
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In this study, the VAERS database was examined for children born
between 1998 and 2003. This period of time corresponds to a
decrease in overall thimerosal exposure to infants in the U.S. due to

the phase out of its use in the hepatitis B, Hib and DTaP/DTP vaccines.
Over this time period, there was a statistically significant decline in
autism reporting and the average year of birth among cases was

earlier than that for non-autistic controls.
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Abstract: Mercury (Hg) exposure in human infants and fetuses has long been known to be significantly
associated with neurodevelopmental disorders (NDs). Thimerosal (49.55% Hg by weight) is an ethyl-Ig
containing compound added to many childhood vaccines as a preservative. A hypothesis testing case-control
study was undertaken in the Vaccine Adverse Event Reporting System (VAERS) database (updated through
September 2013) by examining 5,591 adverse event reports entered following Thimerosal-preserved
Diphtheria-Tetanus-acellular-Pertussis (DTaP) (Tripedia™, Sanofi) administered from 1997-1999 (exposed)
and following Thimerosal-reduced DTaP (Tripedia™, Sanofi) administered from 2004-2006 (unexposed).
Cases were defined as individuals with adverse event reports with the outcomes of autism, speech disorder,
mental retardation, or ND (at least of one these aforementioned specific outcomes being mentioned in the
adverse event report). Controls were deflined as individuals with adverse event reports without any mention of
the specific case outcomes examined. Cases reported with the outcomes of autism (odds ratio = 7.67, p <
0.0001), speech disorders (odds ratio = 3.49, p < 0.02), mental retardation (odds ratio = 8.73, p < 0.0005), or
ND (odds ratio = 4.82, p < 0.0001) were significantly more likely than controls to have received Thimerosal-
preserved DTaP vaccine (exposed) in comparison to Thimerosal-reduced DTaP vaccine (unexposed). Though
routine childhood vaccination is considered an important public health tool to reduce the morbidity and
mortality associated with certain infectious diseases, this study supports a significant relationship between
increased organic-Hg exposure from Thimerosal-preserved childhood vaccines and the child's subsequent risk
of a ND diagnosis.

This study involves a comparison of autism reports derived from
the Vaccine Adverse Event Reporting System (VAERS), a federally
supported surveillance program which compares data obtained

from thimerosal-containing versus thimerosal free DTaP

formulations. The investigators reported a relative risk of 7.67
(667% increase) for autism when children were exposed to
thimerosal via the DTaP vaccine to those who received the
thimerosal free formulation.
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AN EVALUATION OF THE EFFECTS OF THIMEROSAL

ON NEURODEVELOPMENTAL DISORDERS REPORTED
FOLLOWING DTP AND Hib VACCINES IN COMPARISON
TO DTPH VACCINE IN THE UNITED STATES

David A. Geier'?, Mark R. Geier®

'MedCon, Inc., Silver Spring, Maryland

2Craduate Student, Department of Biochemistry, George Washington
University, Washington, DC
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Thimerosal is an ethylmercury (49.55% mercury by weight) preservative historically added to
some vaccines. Toxicokinetic studies showed children in the United States received doses of
mercury from Thimerosal-containing vacdnes (TCVs) in excess of safety guidelines. In the United
States during the 1990s, diphtheria~tetanus—pertussis (DTP) and Haemophilus influenzae
type b (Hib) vaccines (maximally, 50 ;g mercury per joint administration) and diphtheria—
tetanus—pertussis—Haemophilus influenzac type b (DTPH) vaccines (25 yg mercury per admin-
istration) were given to children in the same childhood vaccination schedule at 2, 4, 6, and
15-18 mo, so that children receiving DTP and Hib vaccines may have maximally received an
additional 100 ;g more mercury exposure from TCVs than children administered DTPH
vaccines. A case-control epidemiological study of neurodevelopmental disorders (NDs) reported
to the Vaccine Adverse Event Reporting System (VAERS) (online public access version; updated
317 August 2004) following administration of DTP vaccines in comparison DTPH vaccines man-
ufactured by Lederle Laboratories (Pear! River, NY) from 1994 through 1998 was undertaken.
Significantly increased odds ratios for autism, speech disorders, mental retardation, infantile
spasms, and thinking abnormalities reported to VAERS were found folfowing DTP vaccines in
comparison to DTPH vaccines with minimal bias or systematic error. Addjtional ND research
should be undertaken in the context of evaluating mercury-assodated exposures, especially since
in 2005 the Institute of Medicine issued a report calling into question handling of vacdine safety
data by the National immunization Program of the Centers for Disease Control and Prevention.

Thimerosal, an ethylmercurial preservative (49.55% mercury by weight)
historically added to many vaccines, may have represented a significant source
of mercury exposure in susceptible children (Ball et al., 2001). Thimerosal is
still routinely added to required vaccines administered to U.S. infants (e.g., for
influenza), and the Institute of Medicine (2004) of the U.S. National Academy

Reccived 4 May 2005; accepted 14 july 2005.
We thank Lisa Sykes for her help in revising and editing our article.

This study shows significantly increased risk ratios for autism,
speech disorders, mental retardation, infantile spasms, and
thinking abnormalities reported to the Vaccine Adverse

Event Reporting System (VAERS) following exposure to
thimerosal-containing DTP vaccines in comparison to
thimerosal-free DTPH vaccines.
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A prospective study of thimerosal-containing Rho(D)-immune globulin
administration as a risk factor for autistic disorders
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Abstract

Background. This study evaluated the relationship between prenatal mercury exposure from thimerosal (49.55% mercury
by weighy-containing Rho(D)-immune globulins (TCRs) and autism spectrum disorders (ASDs).

Methods. ‘The Institutional Review Board of the Institute for Chronic Illnesses approved the present study. A total of 53
consecutive non-Jewish Caucasian patients with ASDs (Diagnostic and statistical manual of mental disorders, fourth ed. - DSM
I[V) born between 1987 and 2001 who presented to the Genetic Centers of America for outpatient genetic/developmental
evaluations were prospectively collected from June 1, 2005 through March 31, 2006. Imaging and laboratory testing were
conducted on each patient to rule out other causal factors for their ASDs. As race-matched controls, the frequency of Rh
negativity was determined from 926 non-Jewish Caucasian pregnant women who had presented for outpatient prenatal
genetics care to the Genetic Centers of America between 1980 and 1989.

Results.  Children with ASDs (28.30%) were significantly more likely (odds ratio 2.35, 95% confidence interval 1.17-4.52,
p < 0.01) to have Rh-negative mothers than controls (14.36%). Each ASD patient’s mother was determined to have been
administered a TCR during her pregnancy.

Conclusion. The results provide insights into the potential role prenatal mercury exposure may play in some children with ASDs.

Keywords: Developmental delay, ethylmercury, rhogam, thumerosal, thiomersal

similar to traits defining or associated with autistic

Introduction ’ Sy

disorders, and that these similaritics cxtend to
Autism spectrum disorders (ASDs) arc neurodeve- ncuroanatomy, ncurotransmitters, and biochemistry
lopmental disorders characterized by impairments in [4-7].

repetitive Rho(D)-immune globulin is an immune globulin

social relatedness and communication

Children with autism were twice as likely as non-autistic
controls to be born to mothers who had Rh negative blood
type and thus were exposed to thimerosal via Rho(D)
immune globulin injections during pregnancy. In 1991 the
American College of Ob-Gyn made the universal

recommendation that all women with Rh negative blood
type (approximately 12% of the population) receive an
injection of Rho(D) immune globulin at 28 weeks gestation
to prevent Rh incompatibility disease in subsequent
pregnancies.
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Abstract

The study evaluated possible associations between neurodevelopmental disorders (NDs) and exposure to mercury (Hg) from Thimerosal-
containing vaccines (TCVs) by examining the automated Vaccine Safety Datalink (VSD). A total of 278,624 subjects were identified in birth
cohorts from 1990 1996 that had received their first oral polio vaccination by 3 months of age in the VSD. The birth cohort prevalence rate
of medically diagnosed International Classification of Disease, 9th revision {ICD-9) specific NDs and control outcomes were calculated.
Exposures to Hg from TCVs were calculated by birth cohort for specific exposure windows from birth-7 months and birth-13 months of age.
Poisson regression analysis was used to model the association between the prevalence of outcomes and Hg doses from TCVs. Consistent
significantly increased rate ratios were observed for autism, autism spectrum disorders, tics, attention deficit disorder, and emotional
disturbances with Hg exposure from TCVs. By contrast, none of the control outcomes had significantly increased rate ratios with Hg
exposure from TCVs. Routine childhood vaccination should be continued to help reduce the morbidity and mortality associated with
infectious diseases, but efforts should be undertaken to remove Hg from vaccines. Additional studies should be conducted to further evaluate
the relationship between Hg exposure and NDs.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction plish striking reductions of infection and diseasc worldwide
[1]. From the 1930s through the early 2000s, many routincly

In the last few decades, vaccines—one of the greatest administered childhood vaccines in the United States
breakthroughs in health sciences—have helped to accom- contained Thimerosal [2]. Thimerosal is an organic mer-
cuxy—comammg compound that 1s 49 55% melcuxy (Hg) by

Abbrevzanans ADD A\llcnnon Deficit Dlsordcr,

The study authors found sngmflcantly increased risk ratlos
for autism and autism spectrum disorders as a result of
exposure to mercury from thimerosal-containing vaccines

ADHD, Attention metabo

using the CDC’s Vaccine Safety Datalink, a robust database
of electronic medical records used for monitoring vaccine
safety.



Autism Prevalence Trends Over Time in Denmark

Changes in Prevalence and Age at Diagnosis

Erilk T. Parner, PhD; Diana E. Schendel, PhD; Poul Thorsen, PhD

Objective: To examine the effect of changing age at
diagnosis on the diagnosed prevalence of autism among
different birth cohorts.

Deslign: Population-based cohort study.

Setting: Children were identified in the Danish Medi-
cal Birth Registry and psychiatric outcomes were ob-
tained via linkage with the Danish National Psychiatric
Register.

Participants: All children born in Denmark from Janu-
ary 1, 1994. through December 31, 1999 (N=407 458).

Main Outcome Measures: The age-specific preva-
lence, hazard ratio, and relative risk by age.

Results: Statistically significant shifts in age at diagno-
sis were observed for autism spectrum disorder; chil-
dren diagnosed before age 9 years in the cohorts born
between January 1, 1994, and December 31, 1995, be-
tween January 1, 1996, and December 31,1997, and be-

tween January 1, 1998, and December 31, 1999, were on
average diagnosed at ages 5.9 (95% confidence interval
[Cl]. 5.8-6.0), 5.8 (95% CI, 5.7-5.9), and 5.3 (95% Cl,
5.2-5.4) years, respectively. The relative risk comparing
the 1996-1997 birth cohort with the 1994-1995 birth co-
hort at age 3 years was 1.20 (95% CI, 0.86-1.67), which
decreased to 1.10 (95% CI, 1.00-1.20) at age 11 years.
Similarly, the relative risk comparing the 1998-1999 birth
cohort with the 1994-1995 birth cohort at age 3 years
was 1.69 (95% CI, 1.24-2.31), which decreased to 1.23
(95% CI,1.11-1.37) atage 11 years. Similar results were
observed lor childhood autism.

Concluslons: Shifts in age at diagnosis inflated the ob-
served prevalence ofautismin young childrenin the more
recent cohorts compared with the oldest cohort. This
study supports the argument that the apparent increase
inautism in recent years is at least in part attributable to
decreases in the age at diagnosis over time.

Arch Pediatr Adolesc Med. 2008;162(12):1150-1156

RECENT REVIEW OF THE EPI-
demiologyofautism docu-
mented the large number
of studies that have shown
an increase in the age-
specitic prevalence of reported autismcases
in the last 2 decades.! Once considered
rare, the current prevalence estimates for
all autism spectrum disorders of about 6
cases per 1000 children indicate that au-
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is increasing and that the increase may be
due to adverse exposures such as child-
hood vaccines.”

The increase in the prevalence of re-
ported cases may be caused by many fac-
tors such as heightened public aware-
ness, changes in referral pattern, changes
in diagnostic criteria. case identification,
or reporting methods. In the few studies

In this study, a drop in autism spectrum disorder
prevalence is reported in Denmark after the removal of
thimerosal from vaccines in 1992. ASD prevalence drops

from 82.0/10000 for children born in 1994-95 to
61.9/10000 for children born in 1998-99. The decreases
seen in 1996-97 and 1998-99 are statistically significant.
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