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Abstract Epidemiological evidence suggests a link between mercury (Hg) exposure
from Thimerosal-containing vaccines and specific delays in development. A
hypothesis-testing longitudinal cohort study (n = 49,835) using medical records in
the Vaccine Safety Datalink (VSD) was undertaken to evaluate the relationship
between exposure to Hg from Thimerosal-containing hepatitis B vaccines (T-HBVs)
administered at specific intervals in the first 6 months of life and specific delays
in development [International Classification of Disease, 9th revision (ICD-9):
315.xx] among children born between 1991 and 1994 and continuously enrolled from
birth for at least 5.81 years. Infants receiving increased Hg doses from T-HBVs
administered within the first month, the first 2 months, and the first 6 months of life
were significantly more likely to be diagnosed with specific delays in development
than infants receiving no Hg doses from T-HBVs. During the decade in which
T-HBVs were routinely recommended and administered to US infants (1991–2001),
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an estimated 0.5–1 million additional US children were diagnosed with specific
delays in development as a consequence of 25 lg or 37.5 lg organic Hg from
T-HBVs administered within the first 6 months of life. The resulting lifetime costs
to the United States may exceed $1 trillion.

ª 2015 The Authors. Published by Elsevier Ltd. on behalf of Ministry of Health, Saudi
Arabia. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Thimerosal is a mercury (Hg)-containing compound
(49.55% Hg weight) used by pharmaceutical compa-
nies, and was developed in 1927. It has been added
to a range of pharmaceutical products as an antimi-
crobial [1]. Following administration of Thimerosal-
containing vaccines, Thimerosal rapidly dissociates
into ethyl-Hg [2] which rapidly binds onto blood
constituents [3] and is transported to many tissues
in the body, including the brain [4]. Of particular
concern, ethyl-Hg is actively transported across
neuronal membranes [5], such as by the L-type neu-
tral amino acid carrier transport system [6].

During the 1990s, US infants were exposed to sig-
nificant amounts of organic Hg from Thimerosal-
containing hepatitis B vaccine (T-HBV), diph
theria–tetanus–pertussis (DTP), and Haemophilus
influenzae type B (Hib) vaccines administered at
periodic intervals within the first 6 months of life.
Typically, nominal concentrations of Thimerosal
present in infant vaccines ranged from 0.005% to
0.01% (12.5 lg Hg/0.5 mL vaccine dose or 25 lg
Hg/0.5 mL vaccine dose) [4]. Infants may have been
exposed to bolus doses of organic Hg nominally
ranging from 12.5 lg Hg to 62.5 lg organic Hg, col-
lectively totaling up to nominally 200 lg organic Hg
from Thimerosal-containing childhood vaccines
during the first 6 months of life, representing >50%
of all Hg exposure when considering environmental
sources of Hg [4]. This dosing pattern continues
unabated in many developing nations to the present
day, and many US children continue to receive sig-
nificant doses of organic Hg from the routinely rec-
ommended administration of Thimerosal-contai
ning influenza vaccines (where >50% of all doses
of influenza vaccine continue to contain 0.01%
Thimerosal) given to pregnant women, infants,
and young children [4].

In 2003, some of the co-authors of this article
proposed that the hypothesis that exposure to
Thimerosal-containing vaccines was associated
with specific delays in development rested on indi-
rect and incomplete information, primarily from
analogies with methyl-Hg and levels of maximum
Hg exposure from vaccines given to children [7].

It was suggested that the hypothesis was biologi-
cally plausible, but that the possible relationship
bet ween Thimerosal-containing vaccines and
specific delays in development was unproven at
that time. As of 2003, no peer-reviewed epidemio-
logical studies in the scientific literature had
evaluated the potential association between
Thimerosal-cont aining vaccines and specific delays
in development. Our study was the first epidemio-
logical study to report a significant association
between the administration of tens of millions of
doses of Thimerosal-containing diphtheria–teta
nus–acellular-pertussis (DTaP) vaccines to US
children and specific delays in development based
upon assessment of the Vaccine Adverse Event
Reporting System (VAERS) database.

Subsequent studies in the United States have
revealed significant associations between specific
delays in development and administration of
Thimerosal-containing vaccines to infants in the
VAERS [7,8], the Vaccine Safety Datalink (VSD)
[9,10], and the National Health and Nutrition
Examination Survey (NHANES) [11] databases.

The purpose of the present study was to extend
previous research by conducting a longitudinal
cohort study of prospectively collected automated
medical records in the VSD database to further
evaluate the relationship between organic Hg
exposure from T-HBVs administered in the first
6 months of life, and the risk of a child being diag-
nosed with specific delays in development (or
learning disability).

2. Methods

The study protocol was approved by the US Centers
for Disease Control and Prevention (CDC), the
Institutional Review Board of Kaiser Permanente
North-West (KPNW; ID: NW-05MGeie-01), and the
Institutional Review Board of Kaiser Permanente
Northern California (KPNC; ID: CN-03MGeie-01-H).
Data were analyzed at the secure Research Data
Center of the National Center for Health Statistics
in Hyattsville, MD, USA. The views expressed in this
study do not necessarily reflect those of the CDC or
those of Kaiser Permanente.
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