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Summary

The US is in the midst of an epidemic of neurodevelopmental disorders (NDs). Thimerosal is an
ethylmercury-containing compound added to some childhood vaccines. Several previous epide-
miological studies conducted in the US have associated Thimerosal-containing vaccine (TCV) ad-
ministration with NDs.

An ecological study was undertaken to evaluate NDs reported to the Vaccine Adverse Event Reporting
System (VAERS) from 1991 through 2004 by date of receipt and by date of vaccine administration.
The NDs examined included autism, mental retardation, and speech disorders. Statistical trend
analysis was employed to evaluate the effects of removal of Thimerosal on the proportion of NDs
reported to VAERS.

There was a peak in the proportion of ND reports received by VAERS in 2001-2002 and in the pro-
portion of ND reports by date of vaccine administration in 1998. There were significant reductions
in the proportion of NDs reported to VAERS as Thimerosal was begun to be removed from child-
hood vaccines in the US from mid-1999 onwards.

The present study provides the first epidemiological evidence showing that as Thimerosal was re-
moved from childhood vaccines, the number of NDs has decreased in the US. The analysis tech-
niques utilized attempted to minimize chance or bias/confounding. Additional research should be
conducted to further evaluate the relationship between TCVs and NDs. This is especially true because
the handling of vaccine safety data from the National Immunization Program of the CDC has been
called into question by the Institute of Medicine of the National Academy of Sciences in 2005.
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BACKGROUND

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
Centers for Disease Control and Prevention (CDC) from
the late 1980s through the 1990s expanded the number
of doses of Thimerosal-containing vaccines to be admin-
istered to US infants. The routine childhood immuniza-
tion was gradually expanded from administration of five
doses of Thimerosal-containing Diptheria-Tetanus-whole-
cell-Pertussis (DTP) vaccine (the first dose being admin-
istered at two months of age) to eventually include three
doses of Thimerosal-containing hepatitis B vaccine (the
first dose administered on the day of birth), and four doses
of Thimerosal-containing Haemophilus Influenzae type b
(Hib) vaccine (the first dose administered at two months of
age). Additionally, the CDC also began to recommend that
three doses of Thimerosal-containing influenza vaccine be
administered to certain infant populations (the first dose
administered at sixth months of age). As a result under the
expanded childhood immunization schedule of the CDC,
if infants received all Thimerosal-containing vaccines, their
total mercury exposure could have been as high as 200 mi-
crograms (pg) of mercury during the first six months of life
[1]. In response to theoretical concerns about the cumula-
tive doses of mercury children received from Thimerosal-
containing vaccines, on July 7, 1999 the American Academy
of Pediatrics and the United States Public Health Service is-
sued a joint statement calling for the removal of Thimerosal
from all childhood vaccines. It has been estimated that the
last Thimerosal-containing hepatitis B, Diphtheria-Tetanus-
acellular-pertussis (DTaP) and Hib vaccines were manufac-
tured in 2000-2001, and expired at the end of 2002 (or early
2003) [1]. Table 1 summarizes the recent significant histor-
ical dates in the use of Thimerosal in pediatric vaccines ad-
ministered in the US.

In evaluating the dose of mercury some children received
from Thimerosal-containing vaccines in the US, when fac-
toring in significant environmental exposure (i.e. mercu-
ry in breast milk), it has been estimated the mercury in
Thimerosal-containing vaccines represented almost 50% of
the total mercury dose infants received [2]. As a result, it
has been determined that some infants receiving 187.5 pg
of mercury from Thimerosal-containing vaccines during
the first sixth months from the routine childhood vaccina-
tion schedule, in combination with environmental exposure
from mercury in breast milk (164 pg of mercury), were ex-
posed to cumulative doses of mercury during the first sixth
months of life in excess of the methylmercury safety guide-
lines established by the US Environmental Protection Agency
(EPA), Health Canada, the World Health Organization
(WHO), the Agency for Toxic Substances Disease Registry
(ATSDR), and the US Food and Drug Administration (FDA)
[2]. Tt was also determined that these same infants (with no
additional exposure to mercury from any source) were in
excess of the methylmercury guidelines established by the
EPA, Health Canada, WHO, and the ATSDR for the entire
first year of life [2].

Despite this fact, Thimerosal is still routinely added to re-
quired vaccines administered to US infants (e.g. influenza),
as well as to several other vaccines (e.g. Tetanus-diphtheria,

meningitis, and monovalent tetanus). In 2004, the Institute
of Medicine (IOM) of the United States National Academy
of Sciences has backed away from the stated goal issued by
the American Academy of Pediatrics and US Public Health
Service in 1999 that Thimerosal be removed from US vac-
cines as soon as possible [3]. Furthermore, many nations
still add Thimerosal to many of their pediatric vaccines. The
WHO and several vaccine manufacturers still advocate the
continued use of Thimerosal in pediatric vaccines.

In a series of previous epidemiological studies various da-
tabases, including the Vaccine Adverse Event Reporting
System (VAERS), US Department of Education, and the
Vaccine Safety Datalink (VSD) database, have been exam-
ined, and 2- to 8-fold significantly increased risks, depend-
ing upon the symptoms or outcomes examined, for neu-
rodevelopmental disorders have been observed following
administration of Thimerosal-containing childhood vaccines
[4-10]. In these studies it was hypothesized that the remov-
al of Thimerosal from childhood vaccines in the United
States would reduce the number of neurodevelopmental
disorders in the United States.

Outside of our own studies, there has only been one epide-
miological study conducted in the United States that exam-
ined the relationship between Thimerosal-containing vac-
cines and neurodevelopmental disorders [11]. This study,
by Verstaeten et al. from the CDC, initially found a signifi-
cant relationship between Thimerosal-containing childhood
vaccines and some types of neurodevelopmental disorders,
but upon further examination of a different dataset, it did
not find a consistent effect. The lead author concluded that
this study was neutral (i.e. could neither accept nor reject
a causal relationship) regarding the relationship between
Thimerosal and neurodevelopmental disorders [12].

In light of the fact that now for the first time, there are a
number of children that have received reduced doses of
mercury from Thimerosal-containing childhood vaccines
for a number of years, the present retrospective study was
undertaken to see if there was a statistical correlation be-
tween decreasing doses of mercury from Thimerosal-con-
taiing vaccines with decreasing trends in new neurodevel-
opmental disorders in the United States.

MATERIAL AND METHODS

The Vaccine Adverse Events Reporting System (VAERS)
database

In order to conduct the present epidemiological study, an
evaluation of the VAERS database was undertaken. The
VAERS database is an epidemiological database that has
been maintained by the CDC since 1990 as a surveillance
tool to evaluate vaccine safety. Specific adverse events fol-
lowing vaccination are required to be reported to this data-
base as mandated by law. The VAERS Working Group of the
CDC has previously reported that less than 5% of the total
adverse events reported to VAERS are reported by parents.
The VAERS Working Group of the CDC and the Food and
Drug Administration (FDA) analyze and publish epidemio-
logic studies based upon analyses of VAERS. They note that
VAERS is simple to use, flexible by design, and the data are
available in a timely fashion, but warn that the potential lim-
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Table 1. A recent historical timeline of significant dates regarding the use of Thimerosal in US pediatric vaccines.

Date

Significant historical event regarding the use of thimerosal in pediatric vaccines

Middle 1980s

Thimerosal is present virtually all whole-cell Diphtheria-Tetanus-whole-cell-Pertussis (DTP) vaccines administered
to children 4-times (starting at 2 months of age) during the first 18 months of life (maximum of 25 pg of mercury

per immunization), so that children were exposed to a maximum of 100 g of mercury exposure from Thimerosal-
containing vaccines during the first 18 months of life.

Late 1980s

Thimerosal-containing Haemophilus Influenzae Type b (Hib) vaccine is administered to children at 18 months of age
(maximum of 25 ug of mercury per immunization), so children were exposed to a maximum of 125 g of mercury
exposure during the first 18 months of life.

Early 1990s

Thimerosal-containing Haemophilus Influenzae Type b (Hib) vaccine is recommended for administration to
children 4-times (starting at 2 months of age) during the first 18 months of life (maximum of 25 ug of mercury
per immunization), so that children were exposed to a maximum of 200 pg of mercury exposure during the first 18
months of life.

Early 1990s

Thimerosal-containing hepatitis B vaccine is recommended for administration to children 3-times (starting on the
day of birth) during the first 6 months of life (maximum of 12.5 ug of mercury per immunization), so that children

were exposed to a maximum of 237.5 micrograms of mercury during the first 18 months of life.

Some DTP and Hib vaccines are combined to produce DTPH vaccine which has only 25 pg of mercury per

Middle 1990s

separated from Hib vaccine).

immunization, reducing mercury levels of exposure for some children, but is rapidly replaced by Diphtehria-
Tetanus-acellular-Pertussis (DTaP) vaccines beginning in 1996 (DTaP vaccine is almost exclusively produced

Glaxo Smithkline introduces a new DTaP vaccine (Infarix) that does not use Thimerosal as a preservative, but instead

1996-1997
preservative.

uses 2-phenoxethanol as a preservative. Aventis Pasteur introduces a new Hib vaccine (ActHIB) that contains no

Thimerosal-containing influenza vaccine is increasing recommended for administration to children 3-times

Late 1990s

(starting at 6 months of age) during the first 18 months of life (12.5 pg of mercury per immunization), so that
children were exposed to a maximum of 200 micrograms of mercury during the first 6 months of life, and a

maximum of 275 micrograms of mercury during the first 18 months of life.

American Academy of Pediatrics and the US Public Health Service announce a request to remove Thimerosal from all

July7,1999

pediatric vaccines as rapidly as possible (and American Academy of Pediatrics suggests delaying hepatitis B vaccine

until outside of the first six months of life for children born to hepatitis B negative mothers).

August 27, 1999*

Thimerosal-free Recombivax HB (Merck) is licensed by the US FDA.

March 28, 2000

Thimerosal-free Engerix-B (Glaxo Smithkline) is licensed by the US FDA.

March 7, 2001

Thimerosal-free Tripedia (Aventis Pasteur) is licensed by the US FDA.

Early 2003 US children.

US CDC claims last remaining doses of Thimerosal-containing DTaP, Hepatitis B, or Hib vaccines are administered to

* Thimerosal-containing formulations continued to be distributed/administered following FDA licensing of Thimerosal-free formulations.

itations may include systematic error due to underreporting,
erroneous reporting, frequent multiple exposures, multiple
outcomes and lack of precise denominators [13].

Analysis methods

In this study, the online public access VAERS database (up-
dated through December 31, 2004) was examined using
Microsoft Access™. The entire database was surveyed for
duplicate reports (i.e. having the same VAERS ID number),
and these were eliminated.

In analyzing the VAERS database, an ecological epidemi-
ological methodology was employed to evaluate neurode-
velopmental disorder adverse events reported following
immunizations whilst employing a Bradford Hill criteria
framework to assess observed statistical correlations [14].

The neurodevelopmental disorders examined in the present
study include autism (Costart Term = Autism), mental retar-
dation (Costart Term = Mental Retard), and speech disor-
ders (Costart Term = Speech Dis; among children <5 years-
old). Descriptions of these adverse events were based upon
those reporting them, and coded by VAERS technical staff
into defined symptom fields contained in each report. In
evaluating the neurodevelopmental disorder adverse events
analyzed in the present study, the total number of neurode-
velopmental disorder adverse event reports received by the
VAERS database on a yearly basis (1991 through 2004) and
the total number of neurodevelopmental disorder adverse
event reports by year of vaccine administration in the VAERS
database (1991 through 2004) were determined.

In order to adjust for potential yearly differences in report-
ing rates to the VAERS database, the total number of specif-
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Table 2. A summary of the raw data analyzed in the VAERS database.

1991 1992 1993 1994 1995 1996

1997 1998 1999 2000 2001 2002 2003 2004

Date report received

Autism 1 2 1 18 3 10

23 10 37 4 M 21 138 99

Speech disorders

(< 5 years) 7 8 5 12 22 18

28 20 43 54 105 100 59 77

Mental retardation 19 1 13 35 34 38

39 4 48 38 65 174 58 28

Accidental injury

(< 5 years) 10 4 5 1T n

13 4 10 15 27 22 19 37

Total reports

(< 5 years) 4658 4365 4.015 4395 4508 4457 4288 3.532 4586 5378 6916 7.011 7311 7211
Date vaccine administered
Autism 6 19 26 33 37 50 70 110 80 60 50 22 5 1

Speech disorders

(<5 years) N 17 33 23 47 47

48 69 53 52 37 36 n 12

Mental retardation 16 19 36 45 57 54

60 73 44 39 22 23 8 2

Accidental injury

(< 5 years) 7 5 8 4 1

8 6 14 19 22 17 16 29

Total reports

< Syeary 4306 4292

4020 4.197 5453

5076 4173 3.665 4333 5063 5932 589 6.767 5.302

ic types of neurodevelopmental disorders adverse event re-
ports received by VAERS on a yearly basis was divided by the
yearly total number of adverse event reports received by the
VAERS database on a yearly basis from 1991 through 2004
among children <5 years-old. Similarly, the total number of
specific types of neurodevelopmental disorders by year of
vaccine administration analyzed in the VAERS were divid-
ed by the yearly total number of adverse event reports re-
ported to the VAERS database by year of vaccine adminis-
tration reported to the VAERS database from 1991 through
2004 among children <5 years-old. The resulting propor-
tion was then compared against other years in order to eval-
uate potential trends for neurodevelopmental disorders in
the VAERS database.

Controls

In order to examine if there were biases/confounding
present in the data examined in VAERS, a control adverse
event of accidental injury (Costart Term = Injury Accid;
among children <5 years-old) was selected on an a priori
basis as not being biologically plausibly linked to mercu-
ry exposure, and was analyzed using the same analytical
methods employed to evaluate neurodevelopmental disor-
der adverse events.

Statistical analysis

Table 2 summarizes the raw data analyzed from the VAERS
database in the present study. The yearly proportions of
neurodevelopmental disorders were statistically evaluated
to determine if the removal of Thimerosal from childhood
vaccines produced a discernable trend in the VAERS data-

base. The null hypothesis employed in the present study
was that the yearly proportion of neurodevelopmental dis-
orders should not be affected by the removal of Thimerosal
from childhood vaccines. The statistical package contained
in StatsDirect (Version 2.4.2) was employed, and 2x2 contin-
gency tables and the nominal Yates x? statistical test was uti-
lized to determine odds ratios (OR), 95% Cls, and p-values
when comparing the yearly proportion of neurodevelopmen-
tal disorders reported to the VAERS database. A two-sided
p-value <0.05 was considered statistically significant.

RESULTS

Figure 1 summarizes the yearly proportion of neurodevel-
opmental disorders reported to the VAERS database by
date received. It was found that the maximum proportion
of neurodevelopmental disorder adverse events occurred
among reports entered into the VAERS database around
2001-2002. It was observed that following 2002, there was a
sharp decrease in proportion of neurodevelopmental disor-
ders entered into the VAERS database. It was observed that
2003 and 2004 had significantly reduced proportions of au-
tism adverse events in comparison to 2002. Specifically, it
was determined that there were significantly reduced pro-
portions of autism adverse events received by the VAERS
database for 2003 (OR=0.63, p<0.0001 95% CI=0.50-0.78,
x*=17.6) and 2004 (OR=0.46, p<0.0001, 95% CI=0.36-0.58,
X*=42) in comparison to the maximum year of 2002, and
that there was a significantly reduced proportion of autism
adverse events received by the VAERS database for 2004 in
comparison to 2003 (OR=0.73, p<0.02, 95% CI=0.56-0.94,
x?=5.5). Similar results were observed for speech disorders
and mental retardation.
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Figure 1. A yearly summary (from 1991 through 2004) of the
proportion of neurodevelopmental disorders reported to the
VAERS database by date received.
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Figure 2. A yearly summary (from 1991 through 2004) of the
proportion of neurodevelopmental disorders reported to the
VAERS database by date of vaccine administration.

Figure 2 summarizes the yearly proportion of neurodevelop-
mental disorders reported to the VAERS database by date of
vaccine administration. It was observed that the maximum
proportion of neurodevelopmental disorder adverse events
occurred among reports indicating vaccines that were ad-
ministered in 1998. It was observed that vaccines adminis-
tered post-1998 had progressively decreasing proportions
of neurodevelopmental disorders reported to the VAERS
database. It was observed that, for vaccines administered
from 1999 through 2001, there were significant decreases
in the proportion of autism adverse events reported to the
VAERS database. Specifically, it was observed that vaccines
administered in 1999 (OR=0.61, p<0.002, 95% CI=0.46-0.82,
x*=10.4), 2000 (OR=0.39, p<0.0001, 95% CI=0.29-0.54,
x*=34.3), and 2001 (OR=0.28, p<0.0001, 95% CI=0.20-0.39,
%*=60.7) had significant decreases in the proportion of au-
tism adverse events reported to the VAERS database in com-
parison to vaccines administered in the maximum year of
1998. It was also observed that vaccines administered in 2000
(OR=0.64 p<0.02, 95% CI=0.46-0.90, x*<6.31) and 2001
(OR=0.46, p<0.0001, 95% CI=0.32-0.65, x*<18.8) had signif-
icant decreases in the proportion of autism adverse events
reported to the VAERS database in comparison to vaccines
administered in 1999, and that vaccines administered in

Figure 3. A yearly summary (from 1991 through 2004) of the
proportion of the control adverse event of accidental
injury' reported to the VAERS database by date received.
! Accidental injury was selected on an a priori basis as not
biologically plausibly linked to mercury exposure from
Thimerosal-containing vaccines.
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Figure 4. A yearly summary (from 1991 through 2004) of the
proportion of the control adverse event of accidental
injury' reported to the VAERS database by date of vaccine
administration. ' Accidental injury was selected onan a
priori basis as not biologically plausibly linked to mercury
exposure from Thimerosal-containing vaccines.

2001 (OR=0.50, p<0.0003, 95% CI=0.35-0.72, x*=13.5) had
significant decreases in the proportion of autism adverse
events reported to the VAERS database in comparison to
vaccines administered in 1997. Similar results were observed
for speech disorders and mental retardation.

Figures 3,4 summarize the yearly proportion of the control
adverse event of accidental injury reported to the VAERS da-
tabase by date received and by date of vaccine administration,
respectively. It was observed that there was no trend over-
time for the control adverse event examined in the VAERS
database during the period over which Thimerosal was be-
gun to be removed from childhood vaccines.

DiscussIoN

The results of the present study indicate that the remov-
al of Thimerosal from childhood vaccines has been corre-
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lated with a substantial reduction in neurodevelopmental
disorders reported to the VAERS database following child-
hood immunizations. Specifically, it is observed that there
was an overall reduction in total reports of neurodevelop-
mental disorders reported to the VAERS database following
vaccination, and a significant reduction in the proportion of
neurodevelopmental disorders reported to the VAERS fol-
lowing vaccination, in both cases, in the time period when
Thimerosal was being removed from childhood vaccines
in the United States.

The ecological methodology employed in the present study
represents a novel way in which to monitor adverse event
reports to the VAERS database. In this study, both the date
the report was received for an adverse event and the date
when a vaccine was administered in adverse event reports
were examined.

Analyzing the date on which the report was received for
an adverse event represents a method which accounts for
the potential time-lag necessary for a particular individu-
al to be diagnosed with a condition and to submit an ad-
verse event report to the VAERS database. It would be ex-
pected that whatever the time-lag necessary, it should apply
equally to all years under study. In the present study, it ap-
pears that there is a 3- to 4-year lag between a when a vac-
cine is administered and when a neurodevelopmental dis-
order adverse event reported is submitted to the VAERS.
It was observed reports entered into the VAERS database
during the early- to mid-1990s had comparatively few re-
ports of neurodevelopmental disorders. It was only during
the late 1990s and early 2000s that a substantial increase
in the proportion of neurodevelopmental disorders re-
ported to the VAERS database was noted. The maximum
years for neurodevelopmental disorders reported to the
VAERS database were in 2001-2002. Then, following this
maximum, in 2003 and 2004, the total number of neu-
rodevelopmental disorders decreased. Assuming that the
aforementioned pattern of neurodevelopmental disorders
yearly entered into the VAERS database is related to the
amount of Thimerosal in childhood vaccines, and based
upon the assumption that there is a 3- to 4-year lag in the
reporting of neurodevelopmental disorders, this would
mean that reports of neurodevelopmental disorders en-
tered into the VAERS database in the early- to mid-1990s
reflect doses of mercury from Thimerosal-containing vac-
cines administered to children in the late-1980s. During
the late 1980s, there was a maximum of approximately 75
micrograms of mercury from Thimerosal-containing vac-
cines administered to children during the first 6 months
of life (i.e. with 3 DTP immunizations, and dosing begin-
ning at 2 months of age). Then, during the mid- to late-
1990s, as was stated previously, this amount rose because
of the implementation of a new policy to administer Hib
and hepatitis B as part of the routine childhood immuni-
zation schedule. This resulted in children being exposed
to approximately 187.5 micrograms of mercury during the
first six months of life, if all Thimerosal-containing vac-
cines were administered (i.e. with the addition of Hib and
hepatitis B vaccines, and dosing beginning at birth), and
some children even receiving 200 micrograms of mercury
during the first 6 months of life (i.e. if influenza vaccines
were administered, as was recommended for certain popu-
lations). In mid-1999, it was recommended that Thimerosal

begin to be removed from childhood vaccines, and certain
Thimerosal-containing childhood vaccines (i.e. hepatitis B
vaccines) be delayed for at least several months [1]. Based
upon the observations made in this study, this was corre-
lated with a substantial significant decrease in neurodevel-
opmental disorders reported to VAERS.

The aforementioned assumptions seem to have been borne-
out regarding the necessary lag-time between immunization
and when a neurodevelopmental disorder is entered into the
VAERS database, based upon the analysis in this study that
was conducted for neurodevelopmental disorders reported
to the VAERS database by the date of vaccine administration.
It was observed that the number of neurodevelopmental
disorders increased following vaccines administered in the
early 1990s through 1998, when a maximum was reached
for neurodevelopmental disorders in VAERS. In the years
for vaccine administration since 1998 in the VAERS, it was
observed that significant decreases occurred in the number
of neurodevelopmental disorders. It is apparent that the de-
creases observed in neurodevelopmental disorders follow-
ing vaccines administered post-1998 in VAERS, appear to
be reflected in the data for neurodevelopmental disorders
reports received by VAERS in 2003 and 2004.

As a result of the 3- to 4-year lag-time necessary for a neu-
rodevelopmental disorder to be entered into VAERS, one
should be cautious in interpreting the post-2001 date of
vaccine administration data. The documented further de-
creases in neurodevelopmental disorders observed in the
post-2001 vaccine administration data may in part reflect
that not enough time has elapsed between vaccine admin-
istration and the date a neurodevelopmental disorder re-
port will be received by VAERS, assuming there is a caus-
al relationship.

The 3- to 4-year lag-time between the date of vaccine ad-
ministration and the date the neurodevelopmental disor-
der report is received by the VAERS database is consistent
with previous epidemiological studies that have examined
the age at which neurodevelopmental disorders are diag-
nosed (i.e. because most primary childhood vaccines are
administered during the first 1.5 years of life and neurode-
velopmental disorders are usually diagnosed by age 3 to 4
years-old). For example, the CDC has previously published
that the approximate median age of diagnosis for autism
(3.9 years), speech or language delay (2.9 years), and coor-
dination disorder (3.8 years) are all consistent with the 3-
to 4-year lag-time between the date of vaccine administra-
tion and the date a neurodevelopmental disorder report is
received by the VAERS database [11].

In further considering the methodology employed in the
present study, the proportion of neurodevelopmental dis-
orders was evaluated for each year examined in the VAERS
database, in addition to simply analyzing the overall crude
number of reports in VAERS. As a result of analyzing the
yearly proportion of neurodevelopmental disorders, it was
possible to take into account potential yearly variations in
the number of reports submitted to the VAERS database.
It was observed that similar trends were seen regardless of
whether the yearly total number of neurodevelopmental
disorders or the proportion of neurodevelopmental disor-
ders was examined in VAERS.
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Also, in considering the results from the present study, it ap-
pears that they do not reflect mere chance or biased/con-
founded results. It could be hypothesized that knowledge,
on the part of either parents or physicians, of an association
between Thimerosal and autism, could have resulted in an
increased/decreased willingness to report such conditions
following immunization as Thimerosal was introduced,/re-
moved from childhood vaccines. The results of the present
study argue against biases or confounding being potentially
responsible for the initial increase and subsequent decrease
in neurodevelopmental disorders reported to the VAERS da-
tabase. First, by examining neurodevelopmental disorders
such as speech disorders and mental retardation, in addition
to just autism in the VAERS database, it was possible to detect
whether similar increases/decreases have occurred for other
types of neurodevelopmental disorder conditions that have
never been associated, in the public’s mind, with Thimerosal
exposure. The results of our study indicate that there were
not only substantial initial increases and subsequent decreas-
es in autism adverse events reported to the VAERS database,
but also substantial initial increases and subsequent decreas-
es for the other types of neurodevelopmental disorders ex-
amined in VAERS, and in some cases, the initial increases
and subsequent decreases in these disorders was even more
significant than for autism. Second, the specific temporal
time periods during which the increases and decreases in
neurodevelopmental disorders were observed in the VAERS
database, appear to correlate the amounts of mercury chil-
dren presumably received from Thimerosal-containing vac-
cines. Third, additional observations in the VAERS database
for data that has began to be reported for 2005 indicate that
similar decreasing trends, in neurodevelopmental disorders
reports received, have occurred. For example, in extrapolat-
ing data from the online public VAERS database (updated
through March 31, 2005, and extrapolated through the end
of the year 2005 by multiplying the total number of reports
observed for each type of neurodevelopmental disorder by
four) results indicate that only 80 autism, 32 speech disorder,
and 32 mental retardation adverse events will be received by
the VAERS database for the year 2005. Fourth, the observed
odds ratios, when comparing the proportions of neurode-
velopmental disorders reported following the years in which
Thimerosal was reduced in comparison to the years prior to
its reduction, are similar to those that have been reported in
previous epidemiological studies examining the correlation
between Thimerosal-containing vaccines and neurodevelop-
mental disorders [4-10]. Fifth, it was observed when examin-
ing the control adverse event of accidental injury that was se-
lected on an a priori basis for not biologically plausibly being
linked to mercury exposure from Thimerosal-containing vac-
cines, that it was reported to the VAERS database in a different
pattern than for the neurodevelopmental disorders evaluat-
ed in the VAERS database. The combination of these factors
argue strongly against fluctuations in neurodevelopmental
disorders evaluated in the VAERS database simply reflecting
mere chance or biased/confounded observations.

In considering the utility of the VAERS database to evalu-
ate vaccine safety by examining trends in reported adverse
events, studies by FDA/CDC researchers have previously em-
ployed such methods to review and draw epidemiological
conclusions about the safety of vaccines based upon anal-
ysis of the VAERS [15-20]. In addition, we have authored
a recent review examining the utility the VAERS database

to detect vaccine safety concerns and have concluded that
studies examining the VAERS database offer good positive
predictive value for determining vaccine-associated adverse
events. These predictive values were consistent with obser-
vations made in vaccine clinical trials and other databases,
including the CDC’s VSD database [21].

Some large-population based epidemiological studies con-
ducted outside the United States have not shown an appar-
ent relationship between Thimerosal-containing childhood
vaccines and neurodevelopmental disorders [22-26], but
these have been criticized for their applicability to the US
experience with Thimerosal-containing vaccines and for
their methodology [5,9,10,27-30].

The observed trends in neurodevelopmental disorders de-
termined from the results of the present study appear to
be compatible with population observations in trends in
neurodevelopmental disorders. At the same time that the
CDC expanded the childhood immunization schedule in
the 1990s, epidemic trends in neurodevelopmental disor-
ders were observed in the United States [31-38]. In 2004,
the Department of Health and Human Services and the
American Academy of Pediatrics issued an Autism A.L.A.R.M.
stating that presently 1 in 166 children have an autistic dis-
order, and 1 in 6 children have a developmental and/or be-
havior disorder. Autism, once a rare disorder, has now been
found to be more prevalent than childhood cancer, diabetes
and Down Syndrome [35]. It was suggested that immigra-
tion, or shifts in diagnostic criteria cannot explain the ob-
served increase, and phenomena are driven by factors be-
yond improved identification and diagnosis [35-38].

In considering neurodevelopmental disorders, autism is a
neurodevelopmental syndrome characterized by impair-
ments in social relatedness and communication, repetitive
behaviors, and stereotypic abnormal movements [39]. While
genetic factors are recognized as being important in the
pathogenesis of autistic disorders, a role for environmen-
tal factors has received considerable attention. Researchers
have previously reported that exposure to mercury can cause
immune, sensory, neurological, motor, and behavioral dys-
functions similar to traits defining or associated with autis-
tic disorders, and the similarities extend to neuroanatomy,
neurotransmitters, and biochemistry [39-42]. Furthermore,
in recent research observing children’s communicative, so-
cial, affective, repetitive behaviors, and toy play coded from
videotapes of the toddlers’ first and second birthday parties
that there are significant numbers of children with regres-
sive autistic disorders that manifest between the ages of 12
and 24 months of age [43], a temporal period directly co-
inciding with administration of mercury from Thimerosal-
containing childhood vaccines.

The biological plausibility of the present results are further
supported by recently emerging extensive toxicokinetic,
molecular, and animal model studies showing that admin-
istration of Thimerosal-containing childhood vaccines cor-
related with a significant number of neurodevelopmental
disorders in children [44-55].

Burbacher et al. have evaluated infant monkeys following in-
jection of doses of mercury comparable to the dosing sched-
ule (weight- and age-adjusted) [44]. These researchers con-
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firmed that Thimerosal crosses the blood-brain barrier and
results in appreciable mercury content in tissues including
the brain. They reported on the half-life of mercury from
Thimerosal in the brain of infant monkeys following injec-
tion of doses of mercury comparable to the dosing sched-
ule (weight- and age-adjusted) US children received dur-
ing the 1990s. They determined that the overall half-life
of mercury in the brain of the infant monkeys examined
was approximately 24 days. In addition, it was determined
that the percentage of inorganic mercury in the brains of
the Thimerosal-treated infant monkeys averaged 16 parts-
per-billion following the dosing schedule, and the half-life
of this inorganic mercury was found to be very long in the
monkey brains (>120 days).

In a series of molecular studies with neurons it has now been
shown that nanomolar (nM) to micromolar (pM) concentra-
tions of Thimerosal are capable of inducing neuronal death,
neurodegeneration, membrane damage, and DNA damage
within hours of exposure [45-50]. Additionally, it has also
been shown that nM to pM concentrations of Thimerosal
are capable of disrupting critical signaling pathways/bio-
chemical events necessary for neurons to undergo normal
neuronal development [51-53].

Hornig et al. administered Thimerosal to mice, mimicking
the United States’ routine childhood immunization sched-
ule of the 1990s (weight- and age-adjusted), and observed
autistic symptoms in a susceptible mouse strain that included
growth delay, reduced locomotion, exaggerated response to
novelty, increased brain size, decreased numbers of Purkinje
cells, significant abnormalities in brain architecture, affecting
areas sub-serving emotion and cognition, and densely packed
hyperchromic hippocampal neurons with altered glutama-
te receptors and transporters [54]. In addition, Digar et al.
showed exposure to Thimerosal from injection of a single 50
pg of mercury dose at specific prenatal developmental stag-
es in an animal model resulted in significant fetal lethality
and teratogenecity compared to controls [55].

CONCLUSIONS

Despite conclusions by the IOM in 2004, largely based
upon examination of vaccine safety data from the National
Immunization Program (NIP) of the CDC, that there is no
relationship between Thimerosal and autism, and that no
further studies should be conducted to evaluate the rela-
tionship between Thimerosal and autism [3], it is clear from
these data and other emerging data that have been recent-
ly published, that additional neurodevelopmental disorder
research should be undertaken in the context of evaluating
mercury-associated exposures, especially from Thimerosal-
containing vaccines. Furthermore, studies should also be
undertaken to evaluate additional databases/registries to
evaluate the compatibility of the present results with trends
in neurodevelopmental disorders in other US populations.
This is especially true in light of the fact that the handling
of vaccine safety data by the NIP of the CDC has recently
been called into question by the IOM in 2005 [56].

Acknowledgements

We wish to thank Dr. Robert Hirsch, Professor of Epide-
miology and Biostatistics, George Washington University

for reviewing the epidemiological methods employed in
the present study.

REFERENCES:

—

. Ball LK, Ball R, Pratt RD: An assessment of Thimerosal use in child-
hood vaccines. Pediatrics, 2001; 107: 1147-54

. Bigham M, Copes R: Thiomersal in vaccines: balancing the risk of ad-
verse effects with the risk of vaccine-preventable disease. Drug Saf, 2005;
28: 89-101

. Institute of Medicine (US): Immunization Safety Review: Vaccines and
Autism. Washington, DC: National Academy Press, 2004

4. Geier DA, Geier MR: A comparative evaluation of the effects of MMR

immunization and mercury doses from Thimerosal-containing child-

hood vaccines on the population prevalence of autism. Med Sci Monit,

2004; 10(3): P133-39

. Geier DA, Geier MR: A two-phased population epidemiological study
of the safety of Thimerosal-containing vaccines: a follow-up analysis.
Med Sci Monit, 2005; 11(4): CR160-170

. Geier MR, Geier DA: Neurodevelopmental disorders after Thimerosal-
containing vaccines: a brief communication. Exp Biol Med, 2003; 228:
660-64

Geier MR, Geier DA: Thimerosal in childhood vaccines, neurodevelop-
ment disorders, and heart disease in the United States. ] Am Phys Surg,
2003; 8: 6-11

Geier DA, Geier MR: An assessment of the impact of Thimerosal on
neurodevelopmental disorders. Pediatr Rehabil, 2003; 6: 97-102

9. Geier DA, Geier MR: Neurodevelopmental disorders following
Thimerosal-containing childhood immunizations: a follow-up analy-
sis. Int J Toxicol, 2004; 23: 369-76

10. Geier DA, Geier MR: An evaluation of the effects of Thimerosal on neu-
rodevelopmental disorders reported following DTP and Hib vaccines
in comparison to DTPH vaccine in the United States. ] Toxicol Environ
Health A, (in press)

. Verstraeten T, Davis RL, DeStefano F et al: Safety of Thimerosal-con-
taining vaccines: a two-phased study of computerized health mainte-
nance organization databases. Pediatrics, 2003; 112: 1039-48

no

o

ot

f=z1

~

®

1

—_

12. Verstraeten T: Thimerosal, the Centers for Disease Control and
Prevention, and GlaxoSmithKline. Pediatrics, 2004; 113: 932

. Singleton JA, Lloyd JC, Mootrey GT et al: An overview of the vaccine ad-
verse event reporting system (VAERS) as a surveillance system. VAERS
Working Group. Vaccine, 1999; 17: 2908-17

14. Hill AB: The environment and disease: association or causation? Proc
R Soc Med, 1965; 58: 295-300

15. Haber P, Chen RT, Zanardi LR et al: VAERS Working Group: An analysis
of rotavirus vaccine reports to the vaccine adverse event reporting sys-
tem: more than intussusception alone? Pediatrics, 2004; 113: e353-59

16. McMahon AW, Iskander J, Haber P et al: Adverse events after inactivat-
ed influenza vaccination among children less than 2 years of age: anal-
ysis of reports from the vaccine adverse event reporting system, 1990—
2003. Pediatrics, 2005; 115: 453-60

17. Pool V, Braun MM, Kelso JM et al: US Vaccine Adverse Event Reporting
System. US Vaccine Adverse Event Reporting System. Prevalence of anti-
gelatin IgE antibodies in people with anaphylaxis after measles-mumps
rubella vaccine in the United States. Pediatrics, 2002; 110: €71

18. Wattigney WA, Mootrey GT, Braun MM, Chen RT: Surveillance for po-
liovirus vaccine adverse events, 1991 to 1998: impact of a sequential vac-
cination schedule of inactivated poliovirus vaccine followed by oral po-
liovirus vaccine. Pediatrics, 2001; 107: €83

1

©o

19. Braun MM, Mootrey GT, Salive ME et al: Infant immunization with acel-
lular pertussis vaccines in the United States: assessment of the first two
years’ data from the Vaccine Adverse Event Reporting System (VAERS).
Pediatrics, 2000; 106: e51
20. DuVernoy TS, Braun MM: Hypotonic-hyporesponsive episodes reported
to the Vaccine Adverse Event Reporting System (VAERS), 1996-1998.
Pediatrics, 2000; 106: e52

. Geier DA, Geier MR: A review of the Vaccine Adverse Event Reporting
System database. Expert Opin Pharmacother, 2004; 5: 691-98

22. Stehr-Green P, Tull P, Stellfeld M et al: Autism and Thimerosal-contain-
ing vaccines: lack of consistent evidence for an association. Am J Prev
Med, 2003; 25: 101-6

23. Hviid A, Stellfeld M, Wohlfahrt J, Melbye M: Association between
Thimerosal-containing vaccine and autism. JAMA, 2003; 290: 1763-66

2

—_

CR238



Med Sci Monit, 2006; 12(6): CR231-239

Geier DA et al - Neurodevelopmental disorders

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

36.

37.

39.

40.

Madsen KM, Lauritsen MB, Pedersen CB et al: Thimerosal and the oc-
currence of autism: negative ecological evidence from Danish popula-
tion-based data. Pediatrics, 2003; 112: 604-6

Andrews N, Miller E, Grant A et al: Thimerosal exposure in infants and
developmental disorders: a retrospective cohort study in the United
kingdom does not support a causal association. Pediatrics, 2004; 114:
584-91

Heron ], Golding ], ALSPAC Study Team: Thimerosal exposure in in-
fants and developmental disorders: a prospective cohort study in the
United Kingdom does not support a causal association. Pediatrics, 2004;
114: 577-83

Bernard S: Association between thimerosal-containing vaccine and au-
tism. JAMA, 2004; 291: 180

Blaxill MF: Concerns continue over mercury and autism. Am | Prev
Med, 2004; 26: 91

Rimland B: Association between thimerosal-containing vaccine and au-
tism. JAMA, 2004; 291: 180

Trelka JA, Hooker BS: More on Madsen’s analysis. ] Am Phys Surg, 2004;
9:101

Gerlai R, Gerlai J: Autism: a target for pharmacotherapies? Drug Discov
Today, 2004; 9: 366-74

Gerlai R, Gerlai J: Autism: a large unmet medical need and a complex
research problem. Physiol Behav, 2003; 79: 461-70

Bertrand J, Mars A, Boyle C et al: Prevalence of autism in a United States
population: the Brick Township, New Jersey, investigation. Pediatrics,
2001; 108: 1155-61

Yeargin-Allsopp M, Rice C, Karapurkar T et al: Prevalence of autism in
a US metropolitan area. JAMA, 2003; 289: 49-55

. California Department of Developmental Services: Autistic Spectrum

Disorders — Changes in the California Caseload — An Update: 1999
through 2002. Sacramento, CA, State of California, 2003

Blaxill MF, Baskin DS, Spitzer WO: Commentary: Blaxill, Baskin, and
Spitzer on Croen et al. (2002), the changing prevalence of autism in
California. ] Autism Dev Disord, 2003; 33: 223-26

Blaxill MF: What’s going on? The question of time trends in autism.
Public Health Rep, 2004; 119: 536-51

. Newschaffer CJ, Falb MD, Gurney JG: National autism prevalence

trends from United States special education data. Pediatrics, 2005; 115:
e277-82

Redwood L, Bernard S, Brown D: Predicted mercury concentrations in
hair from infant immunizations: cause for concern. Neurotoxicology,
2001; 22: 691-97

Bernard S, Enayati A, Redwood L et al: Autism: a novel form of mercu-
ry poisoning. Med Hypotheses, 2001; 56: 46271

41.

42.

43.

44.

45.

46.

47.

48.

49.

Bernard S, Enayati A, Roger H et al: The role of mercury in the patho-
genesis of autism. Mol Psychiatry, 2002; 7(Suppl.2): $42-43

Blaxill MF, Redwood L, Bernard S: Thimerosal and autism? A plausi-
ble hypothesis that should not be dismissed. Med Hypotheses, 2004; 62:
788-94

Werner E, Dawson G: Validation of the phenomenon of autistic regres-
sion using home videotapes. Arch Gen Psychiatry, 2005; 62: 889-95

Burbacher TM, Shen DD, Liberato N et al: Comparison of blood and
brain mercury levels in infant monkeys exposed to methylmercury or
vaccines containing Thimerosal. Environ Health Perspect, 2005; 113:
1015-21

Baskin DS, Ngo H, Didenko VV: Thimerosal induces DNA breaks, cas-
pase-3 activation, membrane damage, and cell death in cultured hu-
man neurons and fibroblasts. Toxicol Sci, 2003; 74: 361-68

Parry JM: An evaluation of the use of in vitro tubulin polymerisation,
fungal and wheat assays to detect the activity of potential chemical aneu-
gens. Mutation Res, 1993; 287: 23-28

Wallin M, Hartely-Asp B: Effects of potential aneuploidy inducing agents
on microtubule assembly in vitro. Mutation Res, 1993; 287: 17-22
Brunner M, Albertini S, Wurgler FE: Effects of 10 known or suspect-
ed spindle poisons in the in vitro porcine brain tubulin assembly assay.
Mutagenesis, 1991; 6: 65-70

James S], Slikker W III, Melnyk S et al: Thimerosal neurotoxicity is as-

sociated with glutathione depletion: protection with glutathione pre-
cursors. Neurotoxicology, 2005; 26: 1-8

. Humphrey ML, Cole MP, Pendergrass JC, Kiningham KK: Mitochondrial

mediated Thimerosal-induced apoptosis in a human neuroblastoma cell
line (SK-N-SH). Neurotoxicology, 2005; 26: 407-16

. Parran DK, Barker A, Ehrich M: Effects of Thimerosal on NGF signal

transduction and cell death in neuroblastoma cells. Toxicol Sci, 2005;
86: 132

. Waly M, Olteanu H, Banerjee R et al: Activation of methionine synthase

by insulin-like growth factor-1 and dopamine: a target for neurodevel-
opmental toxins and Thimerosal. Mol Psychiatry, 2004; 9: 358-70

. Mutkus L, Aschner JL, Syversen T et al: In vitro uptake of glutamate in

GLAST- and GLT-1-transfected mutant CHO-K1 Cells is inhibited by the
ethylmercury-containing preservative Thimerosal. Biol Trace Elem Res,
2005; 105: 71-86

. Hornig M, Chian D, Lipkin WI: Neurotoxic effects of postnatal Thimerosal

are mouse strain dependent. Mol Psychiatry, 2004; 9: 833-45

. Digar A, Sensharma GC, Samal SN: Lethality and teratogenecity of or-

ganic mercury (Thimerosal) on the chick embryo. ] Anat Soc India,
1987; 36: 153-59

. Institute of Medicine (US): Vaccine Safety Research, Data Access, and

Public Trust. Washington, DC, National Academy Press, 2005

CR239




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Belinea 101901_111914 cool)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
    /POL ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /DocumentRGB
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




