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a b s t r a c t

For almost a century, aluminum (Al) in the form of Al oxyhydroxide (a crystalline compound), Al hydrox-
yphosphate (an amorphous Al phosphate hydroxide), Al phosphate, and Al potassium sulfate has been
used to improve the immunogenicity of vaccines. Al is currently included in vaccines against tetanus,
hepatitis A, hepatitis B, human papillomavirus, Haemophilus influenzae type b, and infections due to
Streptococcus pneumoniae and Neisseria meningitidis. Official health authorities consider the inclusion of
Al in most of the presently recommended vaccines to be extremely effective and sufficiently safe.
However, the inclusion of Al salts in vaccines has been debated for several years because of studies that
seem to indicate that chronic Al exposure through vaccine administration can interfere with cellular and
metabolic processes leading to severe neurologic diseases. Children, who in their first years of life receive
several vaccine doses over a reduced period of time, would be most susceptible to any risk that might be
associated with vaccines or vaccine components. The main aim of this paper was to discuss the data pre-
sently available regarding Al neurotoxicity and the risk for children receiving vaccines or other pharma-
ceutical preparations containing Al. Analysis of the literature showed that no apparent reason exists to
support the elimination of Al from vaccines for fear of neurotoxicity. The only problem that deserves
attention is the suggested relationship between Al oxyhydroxide-containing vaccines and macrophagic
myofaciitis or myalgic encephalomyelitis/chronic fatigue syndrome. Currently, definitive conclusions
cannot be drawn on these risks and further studies must be conducted. Until then, Al remains the best
solution to improve vaccine efficacy.

� 2018 Elsevier Ltd. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
2. Aluminum (AL) disposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
3. The neurotoxicity of aluminum (AL) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

3.1. Unquestionable demonstrations of aluminum (Al) neurotoxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
3.2. Potential association between aluminum (AI) and Alzheimer’s disease and autism spectrum disorder (ASD): pros and cons . . . . . . . . . . 00
3.3. The problem of aluminum (Al) adjuvants and the development of macrophagic myofaciitis (MMF) and the autoimmune/autoinflammatory

syndrome (ASIA) induced by adjuvants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
4. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
Conflicts of interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 00

https://doi.org/10.1016/j.vaccine.2018.08.036
0264-410X/� 2018 Elsevier Ltd. All rights reserved.

⇑ Corresponding author at: Pediatric Clinic, Department of Surgical and Biomed-
ical Sciences, Università degli Studi di Perugia, Piazza Menghini 1, 06129 Perugia,
Italy.

E-mail address: susanna.esposito@unimi.it (S. Esposito).

Vaccine xxx (2018) xxx–xxx

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vacc ine

Please cite this article in press as: Principi N, Esposito S. Aluminum in vaccines: Does it create a safety problem?. Vaccine (2018), https://doi.org/10.1016/j.
vaccine.2018.08.036

https://doi.org/10.1016/j.vaccine.2018.08.036
mailto:susanna.esposito@unimi.it
https://doi.org/10.1016/j.vaccine.2018.08.036
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
https://doi.org/10.1016/j.vaccine.2018.08.036
https://doi.org/10.1016/j.vaccine.2018.08.036


1. Introduction

For almost a century, aluminum (Al) in the form of Al oxyhy-
droxide (a crystalline compound), Al hydroxyphosphate (an amor-
phous Al phosphate hydroxide), Al phosphate, and Al potassium
sulfate has been used to improve the immunogenicity of vaccines
[1]. Al is currently included in vaccines against tetanus, hepatitis
A, hepatitis B, human papillomavirus, Haemophilus influenzae type
b, and infections due to Streptococcus pneumoniae and Neisseria
meningitidis. Official health authorities consider the inclusion of
Al in most of the presently recommended vaccines to be extremely
effective and sufficiently safe. In a workshop sponsored by the US
National Vaccine Program Office, which was specifically planned to
discuss the role of Al in vaccines, invited international experts con-
cluded that Al salts were capable of directly stimulating the
immune system through the activation of antigen-presenting cells,
complement cascades, and the induction of chemokine secretion
[1]. Consequently, when added to vaccine antigens, AI can lead to
a significant increase in the immune response with higher and
more persistent production of specific antibodies against antigens
included in the vaccines, although its largest flaw is that Al usually
only induces a Th2 immune response. Moreover, the same work-
shop demonstrated that Al adjuvants have an apparent wide mar-
gin of safety because adverse events following their administration
were uncommon and showed poor clinical relevance. Although
these and similar statements are shared by scientific authorities
worldwide [2,3], the inclusion of Al salts in vaccines has been
debated for several years, and it is one of the problems that might
partially explain the vaccine refusals of some parents and physi-
cians [4]. Studies that seem to indicate that chronic Al exposure
through vaccine administration can interfere with several cellular
and metabolic processes leading to severe diseases, including neu-
rodevelopmental delay, autism spectrum disorder (ASD) and Alz-
heimer’s disease (AD), are the basis for this debate [5–10].

Children, who in their first years of life receive several vaccine
doses over a reduced period of time, are considered to be at the
highest risk for Al-dependent, vaccine-related complications.
Despite reassurances from health authorities, the question contin-
ues to be raised, and the elimination of Al from vaccines continues
to be discussed, even through the mass media [11]. Recently, a
study showing that subcutaneous injections of AI at vaccine-
adjuvant levels activated homologous genes with biomarkers of
autism in mouse brains has provided even more support for the
opponents of vaccines. Practically, some supposed that this study
might represent the final demonstration that Al induces the devel-
opment of autism in predisposed individuals. The article was
retracted a few weeks after its publication at the request of the
editor-in-chief and the authors because the data and the results
presented in the paper were clearly not reliable [12]. However,
as has previously occurred for the supposed relationship between
the measles, mumps and rubella vaccine and autism [13], negative
data can have a greater resonance than their retraction, and the
risk that fake news persistently supports vaccine opponents
remains significant. The main aim of this paper was to discuss
the data presently available regarding Al neurotoxicity and the risk
for children receiving vaccines or other pharmaceutical prepara-
tions containing Al.

2. Aluminum (AL) disposition

Al is an environmental metal that is the third most abundant
element in the earth’s crust and represents approximately 8% of
the crust’s total mineral components. Moreover, it is largely used
in many human activities, including food and drug preparation.
Finally, the release of Al to the air from industrial processes and

acidic precipitation, which mobilizes the metal from natural
sources, is common [14]. This airborne Al can pass to the water
or be inhaled. Thus, humans are continuously exposed to Al, and
it can be found (although in different concentrations) in all of the
body tissues and fluids beginning at birth. Starting with the evi-
dence that the mean AI blood level of term neonates is 0.19 ± 01
1 µmol/L [15] and that the Al in the blood accounts for approxi-
mately 4% of the total Al in the body [16], the total body content
of this metal at birth has been calculated to be approximately
400 µg [17].

Total body Al concentrations increase with exposure and are
generally significantly higher in adults than in children. The high-
est levels are found in the skeletal system and the lungs, which
contain approximately 50% and 25% of the body burden, respec-
tively. Significantly lower concentrations, 10%, 3% and 1%, are usu-
ally detected in the muscle, liver and brain, respectively [18].

Food and vaccines are the most important sources of Al for
infants and young children. However, vaccines play a major role
in this regard because Al absorption from the gastrointestinal tract
is poor. Approximately 0.2–0.4% of the ingested Al is absorbed and
reaches the bloodstream, with variations based on the type of Al
salt [19,20]. During infancy, general fluid consumption varies from
approximately 600–900 mL per day, and Al intake depends on the
dietary source. Breast milk contains a mean of 40 µg/L, whereas Al
levels in formula are significantly higher, ranging from 225 µg/L to
1150 µg/L because food industries use Al components in processing
facilities and add Al to food preparation to improve mixing and
reduce caking [21–25]. After weaning, Al intake increases and
reaches a mean of approximately 700 µg per day [26]. Thus, no
more than 2–3 µg per day of Al derived from food enter the sys-
temic circulation during the first year of life. In contrast, almost
the full amount of Al included in vaccines given intramuscularly
is bioavailable, albeit at a rate over time and with differences
among Al salts [27]. It has been calculated that only 51% of Al phos-
phate and 17% of Al hydroxide reach the bloodstream after a single
intramuscular (i.m.) injection in the first 28 days after injection,
and the remaining amount is absorbed in 28 and 137 days, respec-
tively [17]. In vaccines, the maximum amount of Al per dose varies
from vaccine to vaccine, with a maximum in combined prepara-
tions that can range from slightly more than 800 µg per dose, a
value that matches the US regulations that limit the amount of
Al in the recommended individual dose of biological products
(including vaccines), to not more than 850–1250 µg. An FDA study
found that the maximum amount of Al an infant should be exposed
to over the first year of life is 4225 µg when the recommended ACIP
vaccine schedule is used for calculation. This finding was con-
firmed by Glanz et al., who examined the cumulative and episodic
vaccine Al exposure in a sample of 408,608 children ranging in age
from birth to 24 months [28]. The mean cumulative Al exposure
from the vaccines varied from 1110 ± 320 µg to 4000 ± 800 µg
between 92 and 730 days of age. In 2002, an attempt was made
to evaluate whether intakes due to food and vaccines could be
excessive and lead to clinical problems. Keith et al. compared the
calculated body burdens with those expected for exposure at a
level considered safe for intermediate-duration exposure accord-
ing to the minimum risk level (MRL) established at that time
(2000 µg/kg/day) by the Agency for Toxic Substances and Disease
Registry [29]. These authors found that during the first year of life,
the calculated body burden from Al exposure from food was
always below the MRL curve, suggesting that diet could not cause
clinical problems. The same findings were reported for vaccines for
all but a few brief periods following injection. Recently, the analy-
sis of Keith et al. was updated, and new parameters were included
[29]. Contemporaneous MRLs (1000 µg/kg/day) and some variables
capable of better evaluating the retention and excretion of Al in
younger children were introduced [27]. In this study, previous data
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