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Summary
Background:

Material/Methods:

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 epidemiological studies conducted in the US have associated Thimerosal-containing vaccine (TCV) administration 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.

Results:

There was a peak in the proportion of ND reports received by VAERS in 2001–2002 and in the proportion 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 childhood vaccines in the US from mid-1999 onwards.

Conclusions:

The present study provides the ﬁrst epidemiological evidence showing that as Thimerosal was removed from childhood vaccines, the number of NDs has decreased in the US. The analysis techniques 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 administered to US infants. The routine childhood immunization was gradually expanded from administration of ﬁve
doses of Thimerosal-containing Diptheria-Tetanus-wholecell-Pertussis (DTP) vaccine (the ﬁrst dose being administered 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 micrograms (μg) of mercury during the ﬁrst six months of life
[1]. In response to theoretical concerns about the cumulative doses of mercury children received from Thimerosalcontaining vaccines, on July 7, 1999 the American Academy
of Pediatrics and the United States Public Health Service issued 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-Tetanusacellular-pertussis (DTaP) and Hib vaccines were manufactured in 2000-2001, and expired at the end of 2002 (or early
2003) [1]. Table 1 summarizes the recent signiﬁcant historical dates in the use of Thimerosal in pediatric vaccines administered in the US.
In evaluating the dose of mercury some children received
from Thimerosal-containing vaccines in the US, when factoring in signiﬁcant environmental exposure (i.e. mercury 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 μg
of mercury from Thimerosal-containing vaccines during
the ﬁrst sixth months from the routine childhood vaccination schedule, in combination with environmental exposure
from mercury in breast milk (164 μg of mercury), were exposed to cumulative doses of mercury during the ﬁrst sixth
months of life in excess of the methylmercury safety guidelines 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]. It 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 required vaccines administered to US infants (e.g. inﬂuenza),
as well as to several other vaccines (e.g. Tetanus-diphtheria,
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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 vaccines 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 databases, including the Vaccine Adverse Event Reporting
System (VAERS), US Department of Education, and the
Vaccine Safety Datalink (VSD) database, have been examined, and 2- to 8-fold signiﬁcantly increased risks, depending upon the symptoms or outcomes examined, for neurodevelopmental disorders have been observed following
administration of Thimerosal-containing childhood vaccines
[4–10]. In these studies it was hypothesized that the removal 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 epidemiological study conducted in the United States that examined the relationship between Thimerosal-containing vaccines and neurodevelopmental disorders [11]. This study,
by Verstaeten et al. from the CDC, initially found a signiﬁcant 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 between decreasing doses of mercury from Thimerosal-contaiing vaccines with decreasing trends in new neurodevelopmental 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 following vaccination are required to be reported to this database 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 epidemiologic 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 μg of mercury
per immunization), so that children were exposed to a maximum of 100 μg of mercury exposure from Thimerosalcontaining 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 μg of mercury per immunization), so children were exposed to a maximum of 125 μg 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 μg of mercury
per immunization), so that children were exposed to a maximum of 200 μg 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 μg 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.

Middle 1990s

Some DTP and Hib vaccines are combined to produce DTPH vaccine which has only 25 μg of mercury per
immunization, reducing mercury levels of exposure for some children, but is rapidly replaced by DiphtehriaTetanus-acellular-Pertussis (DTaP) vaccines beginning in 1996 (DTaP vaccine is almost exclusively produced
separated from Hib vaccine).

1996-1997

Glaxo Smithkline introduces a new DTaP vaccine (Infarix) that does not use Thimerosal as a preservative, but instead
uses 2-phenoxethanol as a preservative. Aventis Pasteur introduces a new Hib vaccine (ActHIB) that contains no
preservative.

Late 1990s

Thimerosal-containing inﬂuenza vaccine is increasing recommended for administration to children 3-times
(starting at 6 months of age) during the ﬁrst 18 months of life (12.5 μg 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.

July 7, 1999

American Academy of Pediatrics and the US Public Health Service announce a request to remove Thimerosal from all
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 CDC claims last remaining doses of Thimerosal-containing DTaP, Hepatitis B, or Hib vaccines are administered to
US children.

* 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 (updated through December 31, 2004) was examined using
Microsoft AccessTM. 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 epidemiological methodology was employed to evaluate neurodevelopmental 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 retardation (Costart Term = Mental Retard), and speech disorders (Costart Term = Speech Dis; among children ≤5 yearsold). 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 neurodevelopmental 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 reporting 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

84

111

211

138

99

Speech disorders
(≤ 5 years)

7

8

5

12

22

18

28

20

43

54

105

100

59

77

Mental retardation 19

11

13

35

34

38

39

41

48

38

65

174

58

28

Accidental injury
(≤ 5 years)

3

10

4

5

1

12

13

4

10

15

27

22

19

37

Total reports
(≤ 5 years)

4.658

4.365

4.015

4.395

4.508

4.457

4.288

3.532

4.586

5.378

6.916

7.011

7.311

7.211

Date vaccine administered
Autism

6

19

26

33

37

50

70

110

80

60

50

22

5

1

Speech disorders
(≤ 5 years)

11

17

33

23

47

47

48

69

53

52

37

36

11

12

Mental retardation 16

19

36

45

57

54

60

73

44

39

22

23

8

2

Accidental injury
(≤ 5 years)

5

7

5

8

4

14

8

6

14

19

22

17

16

29

Total reports
(≤ 5 years)

4.306

4.292

4.020

4.197

5.453

5.076

4.173

3.665

4.333

5.063

5.932

5.896

6.767

5.302

ic types of neurodevelopmental disorders adverse event reports 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 divided by the yearly total number of adverse event reports reported to the VAERS database by year of vaccine administration reported to the VAERS database from 1991 through
2004 among children ≤5 years-old. The resulting proportion was then compared against other years in order to evaluate 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 mercury exposure, and was analyzed using the same analytical
methods employed to evaluate neurodevelopmental disorder 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-
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base. The null hypothesis employed in the present study
was that the yearly proportion of neurodevelopmental disorders 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 2×2 contingency tables and the nominal Yates c2 statistical test was utilized to determine odds ratios (OR), 95% CIs, and p-values
when comparing the yearly proportion of neurodevelopmental 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 neurodevelopmental 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 disorders entered into the VAERS database. It was observed that
2003 and 2004 had signiﬁcantly reduced proportions of autism adverse events in comparison to 2002. Speciﬁcally, it
was determined that there were signiﬁcantly reduced proportions of autism adverse events received by the VAERS
database for 2003 (OR=0.63, p<0.0001 95% CI=0.50–0.78,
c2=17.6) and 2004 (OR=0.46, p<0.0001, 95% CI=0.36–0.58,
c2=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,
c2=5.5). Similar results were observed for speech disorders
and mental retardation.
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Date Report Received
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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.

0.035

Figure 3. A yearly summary (from 1991 through 2004) of the
proportion of the control adverse event of accidental
injury1 reported to the VAERS database by date received.
1
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 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 neurodevelopmental 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 administered in 1998. It was observed that vaccines administered 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,
c2=10.4), 2000 (OR=0.39, p<0.0001, 95% CI=0.29–0.54,
c2=34.3), and 2001 (OR=0.28, p<0.0001, 95% CI=0.20–0.39,
c2=60.7) had signiﬁcant decreases in the proportion of autism adverse events reported to the VAERS database in comparison 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, c2=6.31) and 2001
(OR=0.46, p<0.0001, 95% CI=0.32–0.65, c2=18.8) had significant 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

Date Vaccine Administered

Accidental injury

Figure 4. A yearly summary (from 1991 through 2004) of the
proportion of the control adverse event of accidental
injury1 reported to the VAERS database by date of vaccine
administration. 1 Accidental injury was selected on an 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, c2=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 database by date received and by date of vaccine administration,
respectively. It was observed that there was no trend overtime for the control adverse event examined in the VAERS
database during the period over which Thimerosal was begun to be removed from childhood vaccines.

DISCUSSION
The results of the present study indicate that the removal 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 childhood immunizations. Speciﬁcally, it is observed that there
was an overall reduction in total reports of neurodevelopmental disorders reported to the VAERS database following
vaccination, and a signiﬁcant reduction in the proportion of
neurodevelopmental disorders reported to the VAERS following 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 individual to be diagnosed with a condition and to submit an adverse event report to the VAERS database. It would be expected that whatever the time-lag necessary, it should apply
equally to all years under study. In the present study, it appears that there is a 3- to 4-year lag between a when a vaccine is administered and when a neurodevelopmental disorder 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 reports of neurodevelopmental disorders. It was only during
the late 1990s and early 2000s that a substantial increase
in the proportion of neurodevelopmental disorders reported 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 neurodevelopmental 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 entered into the VAERS database in the early- to mid-1990s
reﬂect doses of mercury from Thimerosal-containing vaccines administered to children in the late-1980s. During
the late 1980s, there was a maximum of approximately 75
micrograms of mercury from Thimerosal-containing vaccines administered to children during the ﬁrst 6 months
of life (i.e. with 3 DTP immunizations, and dosing beginning at 2 months of age). Then, during the mid- to late1990s, 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 immunization 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 vaccines 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 populations). In mid-1999, it was recommended that Thimerosal
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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 correlated with a substantial signiﬁcant decrease in neurodevelopmental disorders reported to VAERS.
The aforementioned assumptions seem to have been borneout 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 decreases observed in neurodevelopmental disorders following 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 neurodevelopmental disorder to be entered into VAERS, one
should be cautious in interpreting the post-2001 date of
vaccine administration data. The documented further decreases in neurodevelopmental disorders observed in the
post-2001 vaccine administration data may in part reﬂect
that not enough time has elapsed between vaccine administration and the date a neurodevelopmental disorder report will be received by VAERS, assuming there is a causal relationship.
The 3- to 4-year lag-time between the date of vaccine administration and the date the neurodevelopmental disorder report is received by the VAERS database is consistent
with previous epidemiological studies that have examined
the age at which neurodevelopmental disorders are diagnosed (i.e. because most primary childhood vaccines are
administered during the ﬁrst 1.5 years of life and neurodevelopmental 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 coordination disorder (3.8 years) are all consistent with the 3to 4-year lag-time between the date of vaccine administration 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 disorders 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 disorders was examined in VAERS.
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Also, in considering the results from the present study, it appears that they do not reﬂect mere chance or biased/confounded 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/removed 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 database. 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 decreases in autism adverse events reported to the VAERS database,
but also substantial initial increases and subsequent decreases for the other types of neurodevelopmental disorders examined 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 children presumably received from Thimerosal-containing vaccines. 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 extrapolating 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 neurodevelopmental 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 neurodevelopmental disorders [4-10]. Fifth, it was observed when examining the control adverse event of accidental injury that was selected on an a priori basis for not biologically plausibly being
linked to mercury exposure from Thimerosal-containing vaccines, that it was reported to the VAERS database in a different
pattern than for the neurodevelopmental disorders evaluated 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 evaluate vaccine safety by examining trends in reported adverse
events, studies by FDA/CDC researchers have previously employed such methods to review and draw epidemiological
conclusions about the safety of vaccines based upon analysis of the VAERS [15–20]. In addition, we have authored
a recent review examining the utility the VAERS database
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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 observations made in vaccine clinical trials and other databases,
including the CDC’s VSD database [21].
Some large-population based epidemiological studies conducted outside the United States have not shown an apparent 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 determined 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 disorders 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 disorder, and 1 in 6 children have a developmental and/or behavior 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 immigration, or shifts in diagnostic criteria cannot explain the observed increase, and phenomena are driven by factors beyond improved identiﬁcation and diagnosis [35–38].
In considering neurodevelopmental disorders, autism is a
neurodevelopmental syndrome characterized by impairments 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 environmental factors has received considerable attention. Researchers
have previously reported that exposure to mercury can cause
immune, sensory, neurological, motor, and behavioral dysfunctions similar to traits deﬁning or associated with autistic disorders, and the similarities extend to neuroanatomy,
neurotransmitters, and biochemistry [39–42]. Furthermore,
in recent research observing children’s communicative, social, 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 regressive autistic disorders that manifest between the ages of 12
and 24 months of age [43], a temporal period directly coinciding with administration of mercury from Thimerosalcontaining childhood vaccines.
The biological plausibility of the present results are further
supported by recently emerging extensive toxicokinetic,
molecular, and animal model studies showing that administration of Thimerosal-containing childhood vaccines correlated with a signiﬁcant number of neurodevelopmental
disorders in children [44–55].
Burbacher et al. have evaluated infant monkeys following injection of doses of mercury comparable to the dosing schedule (weight- and age-adjusted) [44]. These researchers con-

CR237

CR

Clinical Research

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 injection of doses of mercury comparable to the dosing schedule (weight- and age-adjusted) US children received during 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 partsper-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 (μM) concentrations 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 μM concentrations of Thimerosal
are capable of disrupting critical signaling pathways/biochemical 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 schedule 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 glutamate receptors and transporters [54]. In addition, Digar et al.
showed exposure to Thimerosal from injection of a single 50
μg of mercury dose at speciﬁc prenatal developmental stages 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 relationship between Thimerosal and autism [3], it is clear from
these data and other emerging data that have been recently published, that additional neurodevelopmental disorder
research should be undertaken in the context of evaluating
mercury-associated exposures, especially from Thimerosalcontaining 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].
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