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19Introduction: Thimerosal (or Thiomersal) is a trade name for an organomercurial compound (sodium ethyl-
20mercury (Hg) thiosalicylate) that is 49.55% Hg by weight, which rapidly decomposes in aqueous saline solutions
21into ethyl-Hg hydroxide and ethyl-Hg chloride. Developed in 1927, it has been and is still being used as a preser-
22vative in some cosmetics, topical pharmaceuticals, and biological drug products, including vaccines. Concerns
23have been voiced about its use because it is toxic to human cells. Although it is banned in several countries, it
24continues to be added to some vaccines in the United States and many vaccines in the developing world.
25Discussion: This critical review focuses on the clinical, epidemiological, and biochemical studies of adverse effects
26from Thimerosal in developing humans. This review will include research that examines fetal, infant, and
27childhood death; birth defects; neurodevelopmental testing deficits in children; and neurodevelopmental
28disorders (attention deficit/hyperactivity disorder, autism spectrum disorder, tic disorder, and specific develop-
29mental delays). The review will also look at the research that examined the outcomes of acute accidental ethyl-
30Hgpoisoning in humans. The studies that examine the underlying biochemical insights into the neuronal cellular
31damage will also be explored.
32Conclusion: The culmination of the research that examines the effects of Thimerosal in humans indicates that it is
33a poison at minute levels with a plethora of deleterious consequences, even at the levels currently administered
34in vaccines.
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59 1. Introduction

60 Thimerosal (or Thiomersal) is a trade name for an organomercurial
61 compound (sodium ethyl-mercury (Hg) thiosalicylate, C9H9HgNaO2S)
62 that is 49.55% Hg by weight. Thimerosal quickly decomposes in aqueous
63 saline solutions into ethyl-Hg hydroxide and ethyl-Hg chloride [1].
64 Developed in 1927, it has been used as a preservative in cosmetics, phar-
65 maceutical preparations, and biological products such as eye shadows,
66 make-up removers, mascaras, and soap-free cleansers (cosmetic prod-
67 ucts); ear, eye and nose drops and ointments, antiseptic sprays, topical
68 medications and tincture of Merthiolate (pharmaceutical preparations);
69 and antitoxins, immune globulin preparations, skin-prick test antigens,
70 and vaccines (biological products) [2].
71 Hg compounds have been used as disinfectants since bacteriology
72 began [3]. For a long period of time, Hg compounds, such as mercury
73 chloride (HgCl2), were thought to be useful in the killing of bacteria
74 and other microorganisms [3]. Despite this fact, as early as 1943, it was
75 reported that plasma preserved with 1:10,000 Thimerosal was contami-
76 nated with viable micro-organisms, and it was concluded that Thimero-
77 sal cannot be considered the ideal preservative [4]. Subsequently,
78 Morton et al. [3] reported that the label for Thimerosal (solution of
79 1:1000) stated that Thimerosal is a stainless and stable organic mercury
80 compound of high germicidal value, especially in serum and other pro-
81 tein media. However, Morton et al. [3], based upon their experiments,
82 found that Thimerosal is not highly germicidal and does not possess
83 high germicidal value in the presence of serum and other protein
84 mediums particularly. They further stated that the loss of antibacterial
85 activity ofmercurials in the presence of serumproves their incompatibil-
86 ity with serum. Furthermore, these investigators described that Thimer-
87 osal was 35-times more toxic to embryonic tissue cells than it was to
88 bacteria, as well as more toxic to leukocytes than bacteria [3].
89 Inmore recent research, the effectiveness of Thimerosal as a preserva-
90 tive in Diphtheria–Tetanus–PertussisQ5 (DTP) vaccine was evaluated by the
91 United States (US) Centers for Disease Control and Prevention (CDC) [5].
92 The CDC reported that the choice and level of the preservative for
93 inclusion in DTP vaccine wereQ6 limited because of possible harmful
94 effects on the vaccine's antigenicity, plus the need to ensure safety of
95 the preservative. These investigators reported that Thimerosal, the
96 preservative used in the productionofDTP as anorganic-Hg bacteriostatic
97 agent, was onlyweakly bactericidal. The laboratory experiments revealed
98 up to 2 weekQ7 survival of bacterial cells in multi-dose DTP vaccine vials
99 using Thimerosal as a preservative. These investigators concluded that
100 at currently used concentrations, Thimerosal is not an ideal preservative.
101 Higher concentrations were not recommended because it might reduce
102 vaccine potency or pose a danger to individuals receiving the vaccine.
103 As a result, the investigators suggested that those administering Thimer-
104 osal preserved vaccines should not rely on its effectiveness, but instead
105 should apply particular attention to sterile technique when using multi-
106 dose vials. Other investigators observed that Thimerosal failed to meet
107 European Pharmacopoeia (EP) antimicrobial effectiveness acceptance
108 criteria as a preservative due to lack of growth inhibition of Thimerosal
109 on Staphylococcus aureusQ8 in both single and multi-challenge evaluations
110 [6]. Finally, other investigators described the toxicity levels of commonly
111 used preservatives in vaccines and biologics [7]. When comparing the
112 relative cytotoxicity levels of the preservatives in US licensed vaccines,
113 the observed relative toxicity of the compounds tested was phenol b 2-
114 phenoxyethanol b benzethonium chloride b Thimerosal, and the relative
115 toxicity indices (human neuroblastoma cells/bacterial cells) were 2-
116 phenoxyethanol (4.6-fold)Q9 b phenol (12.2-fold) b Thimerosal (N330-
117 fold). For the products tested, except for 2-phenoxethanol, the amounts
118 needed to cause significant killing of bacteria were much higher than
119 those routinely used in US licensed vaccine/biological preparations.
120 Despite all of the aforementioned concerns and the fact that there
121 are other approved and effective preservatives available [6,7], Thimero-
122 sal continues to be used as a preservative in several vaccines to date and
123 is a considerable source of Hg exposure for children [8,9]. About 50% of

124the Hg exposure in infants comes from the recurring bolus doses of
125Thimerosal from Thimerosal-containing vaccines administered in the
126first 2 years of life (cumulative doses of Hg exposure from Thimerosal-
127containing vaccines can be as high as 187.5 μg Hg in the first six months
128of life) [9]. Although this degree of exposure in thefirst sixmonths of life
129has been reduced in the US in recent years, it remains unchanged in
130developing countries. There is considerable body of scientific and
131medical evidence supporting a role from Hg exposure causing harmful
132consequences [10]. To date, there are at least 180 studies that show
133harm from Thimerosal [11]. The purpose of this review is to specifically
134examine human clinical, epidemiological, and biochemical studies
135demonstrating the developmental adverse affects from human expo-
136sure to Thimerosal and its ethyl-Hg breakdown products.

1372. Thimerosal exposure from vaccines

138Until the beginning of this century, every tetanus-containing vaccine
139in the US (e.g., the DTP, tetanus toxoid (TT), diphtheria–tetanus (DT),
140and diphtheria–tetanus–acellular-pertussis Q10(DTaP)), Haemophilus influ-
141enza type b (Hib), hepatitis B (HepB), and a polysaccharidemeningococ-
142cal meningitis A, C, Y, andW-135 vaccine contained Thimerosal, many at
143a concentration of 0.01% Thimerosal. However, on July 7, 1999, the US
144Public Health Service (USPHS) and American Academy of Pediatrics
145(AAP) called for the elimination of Thimerosal from all vaccines in the
146US as soon as possible [12]. Then, as the vaccines were approved by the
147US Food and Drug Administration (FDA), reduced-Thimerosal vaccines
148began to displace the previous Thimerosal-preserved vaccines in the
149early 2000s. Finally, beginning in the late 2000s, no-Thimerosal vaccines
150began to replace the reduced-Thimerosal vaccines in the US. However, to
151date, the US FDA has not canceled the licenses for the Thimerosal-
152preserved vaccines or kept them from being produced and marketed
153[13].
154As more of the reduced-Thimerosal and no-Thimerosal vaccines be-
155came available in the early 2000s in theUS, the assumptionwas that the
156exposure to Thimerosal would sharply decrease. However, this expecta-
157tion proved to not be accurate because of recommendation changes in
158the vaccination schedule. Starting in April of 2002, the US CDC began
159to recommend that influenza vaccines be given to infants and children,
160who were 6-to-23 months of age, when the only approved influenza
161vaccine for that age group was preserved with Thimerosal (Sanofi
162Pasteur's Fluzone®). In addition, the US CDC recommended influenza
163vaccines be given to women who were pregnant in their second and
164third trimesters, when the available influenza vaccines were also
165Thimerosal preserved [14]. In addition, through 2010, the US CDC pro-
166gressively widened the age range for annual influenza vaccine such
167that very young children were supposed to get two doses of influenza
168vaccine initially (at 6 and 7months of age) and then receive an addition-
169al dose every year. By this time, the US CDC had also discontinued the
170“second-and-third-trimester” constraint on giving influenza vaccines
171to pregnant women [15–17].
172Thus, even though the US FDA eventually approved the reduced-
173Thimerosal and no-Thimerosal formulations of the tetanus-containing
174vaccines and some other vaccines, exposure to Thimerosal through
175vaccination has remained common in the US. As recently as 2013,
176more than half of all the influenza vaccines were still preserved with
177Thimerosal. Therefore, the approximate maximum lifetime exposure
178to Hg from Thimerosal-preserved vaccines has increased compared to
179the lifetime exposure under the US CDC's pre-2000 recommended
180vaccination schedule. It is estimated that it is now more than double
181what it would have been had the pre-2000 vaccination schedule been
182maintained. To date, in the US, Thimerosal is still a preservative in
183some of the other US FDA-approved vaccines including a multi-dose
184tetanus toxoid (TT) vaccine, and onemulti-dosemeningococcal menin-
185gitis vaccine [18]. Estimations suggest that there has not been a major
186decrease in Hg exposure from Thimerosal-preserved vaccines in
187vaccine-schedule-compliant children in the US.
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