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Unraveling the enigma: elucidating the relationship between the
physicochemical properties of aluminium-based adjuvants and their
immunological mechanisms of action.
Shardlow E1, Mold M1, Exley C1.
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Abstract Aluminium salts are by far the most commonly used adjuvants in vaccines. There are only two
aluminium salts which are used in clinically-approved vaccines, Alhydrogel® and AdjuPhos®, while the
novel aluminium adjuvant used in Gardasil® is a sulphated version of the latter. We have investigated the
physicochemical properties of these two aluminium adjuvants and specifically in milieus approximating to
both vaccine vehicles and the composition of injection sites. Additionally we have used a monocytic cell
line to establish the relationship between their physicochemical properties and their internalisation and
cytotoxicity. We emphasise that aluminium adjuvants used in clinically approved vaccines are chemically
and biologically dissimilar with concomitantly potentially distinct roles in vaccine-related adverse events.

Fig. 1 Biological processing of vaccines containing ABAs following intramuscular injection. 1. Vaccine

preparation includes antigen adsorbed on the surface of the ABA, occluded within aggregates of ABA and,
potentially, free antigen. 2. Biological fate of vaccine constituents includes; independent translocation of
antigen (< ca 200 nm) to lymph nodes (2a); inflammatory monocyte/macrophage uptake of larger antigens
through micropinocytosis (2c); intracellular antigens are either processed by the lysosomal system (L) or
evade lysosomal capture through rupture of the endosome (2e); antigen associated with ABA (adsorbed or
occluded) is internalised by phagocytosis (2b) and processed via autophagy, endosomes maturing into
autophagosomes and ultimately, autolysosomes (AL) (2d). The biological mechanisms involved in the
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processing of these various entities contribute to the downstream activation of complexes such as the
NALP-3 inflammasome and the subsequent release of pro-inflammatory cytokines including IL-1β
Unraveling the enigma: elucidating the relationship between the physicochemical properties of aluminiumbased adjuvants and their immunological mechanisms of action Allergy Asthma Clin Immunol. 2018;14:80.
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Aluminium in brain tissue in autism.
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Abstract Autism spectrum disorder is a neurodevelopmental disorder of unknown aetiology. It is
suggested to involve both genetic susceptibility and environmental factors including in the latter
environmental toxins. Human exposure to the environmental toxin aluminium has been linked, if tentatively,
to autism spectrum disorder.
Herein we have used transversely heated graphite furnace atomic absorption spectrometry to measure, for
the first time, the aluminium content of brain tissue from donors with a diagnosis of autism. We have also
used an aluminium-selective fluor to identify aluminium in brain tissue using fluorescence microscopy.
The aluminium content of brain tissue in autism was consistently high. The mean (standard deviation)
aluminium content across all 5 individuals for each lobe were 3.82(5.42), 2.30(2.00), 2.79(4.05) and
3.82(5.17) μg/g dry wt. for the occipital, frontal, temporal and parietal lobes respectively. These are some
of the highest values for aluminium in human brain tissue yet recorded and one has to question why,
for example, the aluminium content of the occipital lobe of a 15year old boy would be 8.74 (11.59) μg/g dry
wt.?
Aluminium-selective fluorescence microscopy was used to identify aluminium in brain tissue in 10 donors.
While aluminium was imaged associated with neurones it appeared to be present intracellularly in
microglia-like cells and other inflammatory non-neuronal cells in the meninges, vasculature, grey and white
matter. The pre-eminence of intracellular aluminium associated with non-neuronal cells was a standout
observation in autism brain tissue and may offer clues as to both the origin of the brain aluminium as well
as a putative role in autism spectrum disorder.
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Non-linear dose-response of aluminium hydroxide adjuvant particles:
Selective low dose neurotoxicity.
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Abstract Aluminium (Al) oxyhydroxide (Alhydrogel®), the main adjuvant licensed for human and animal
vaccines, consists of primary nanoparticles that spontaneously agglomerate. Concerns about its safety
emerged following recognition of its unexpectedly long-lasting biopersistence within immune cells in some
individuals, and reports of chronic fatigue syndrome, cognitive dysfunction, myalgia, dysautonomia and
autoimmune/inflammatory features temporally linked to multiple Al-containing vaccine administrations.
Mouse experiments have documented its capture and slow transportation by monocyte-lineage cells from
the injected muscle to lymphoid organs and eventually the brain. The present study aimed at evaluating
mouse brain function and Al concentration 180days after injection of various doses of Alhydrogel® (200,
400 and 800μg Al/kg of body weight) in the tibialis anterior muscle in adult female CD1 mice. Cognitive and
motor performances were assessed by 8 validated tests, microglial activation by Iba-1
immunohistochemistry, and Al level by graphite furnace atomic absorption spectroscopy. An unusual
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neuro-toxicological pattern limited to a low dose of Alhydrogel® was observed. Neurobehavioural
changes, including decreased activity levels and altered anxiety-like behaviour, were observed compared
to controls in animals exposed to 200μg Al/kg but not at 400 and 800μg Al/kg. Consistently, microglial
number appeared increased in the ventral forebrain of the 200μg Al/kg group. Cerebral Al levels were
selectively increased in animals exposed to the lowest dose, while muscle granulomas had almost
completely disappeared at 6 months in these animals. We conclude that Alhydrogel® injected at low dose
in mouse muscle may selectively induce long-term Al cerebral accumulation and neurotoxic effects. To
explain this unexpected result, an avenue that could be explored in the future relates to the adjuvant size
since the injected suspensions corresponding to the lowest dose, but not to the highest doses, exclusively
contained small agglomerates in the bacteria-size range known to favour capture and, presumably,
transportation by monocyte-lineage cells. In any event, the view that Alhydrogel® neurotoxicity obeys "the
dose makes the poison" rule of classical chemical toxicity appears overly simplistic.

Sci Rep. 2016 Aug 12;6:31578. PMID: 27515230 Free PMC Article

Insight into the cellular fate and toxicity of aluminium adjuvants used in
clinically approved human vaccinations.
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Abstract Aluminium adjuvants remain the most widely used and effective adjuvants in vaccination and
immunotherapy. Herein, the particle size distribution (PSD) of aluminium oxyhydroxide and aluminium
hydroxyphosphate adjuvants was elucidated in attempt to correlate these properties with the biological
responses observed post vaccination. Heightened solubility and potentially the generation of Al(3+) in the
lysosomal environment were positively correlated with an increase in cell mortality in vitro, potentially generating
a greater inflammatory response at the site of simulated injection. The cellular uptake of aluminium based
adjuvants (ABAs) used in clinically approved vaccinations are compared to a commonly used experimental
ABA, in an in vitro THP-1 cell model. Using lumogallion as a direct-fluorescent molecular probe for aluminium,
complemented with transmission electron microscopy provides further insight into the morphology of internalised
particulates, driven by the physicochemical variations of the ABAs investigated. We demonstrate that not all
aluminium adjuvants are equal neither in terms of their physical properties nor their biological reactivity and
potential toxicities both at the injection site and beyond. High loading of aluminium oxyhydroxide in the
cytoplasm of THP-1 cells without immediate cytotoxicity might predispose this form of aluminium adjuvant to its
subsequent transport throughout the body including access to the brain.

Figure 4. The % mortality of THP-1 cells upon exposure to various concentrations of aluminium
adjuvants.. From: Insight into the cellular fate and toxicity of aluminium adjuvants used in clinically
approved human vaccinations.
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Purple and green bars represent Alhydrogel® and Adju-Phos® respectively. The abbreviations ST, T, MT & NT represent
the phrases severe toxicity, toxicity, moderate toxicity and null toxicity respectively. Error bars are representative of ±SD of 3
individual replicates and statistical significance is shown between treatments and respective control groups. Toxicity
boundaries were adapted from Eidi et al..
[THP-1 cells = T-Helper Monocytes]

Matthew Mold, et al. Sci Rep. 2016;6:31578.
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Aluminum in Childhood Vaccines Is Unsafe
Neil Z. Miller
NOT OBTAINABLE FROM PUBMED but FullText Article obtained

Summary: “Infants and young children throughout the world receive high quantities of aluminum
from multiple inoculations. Incremental changes to the vaccination schedule during the past
several years significantly increased the quantity of aluminum in childhood shots. Numerous
studies provide compelling evidence that injected aluminum can be detrimental to health.
Aluminum is capable of remaining in cells long after vaccination and may cause neurologic and
autoimmune disorders. During early development, the child’s brain is more susceptible to toxins
and the kidneys are less able to eliminate them. Thus, children have a greater risk than adults of
adverse reactions to aluminum in vaccines. Millions of children every year are injected with
vaccines containing mercury and aluminum despite well-established experimental evidence of the
potential for additive or synergistic toxicity when an organism is exposed to two or more toxic
metals.”
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Abstract Concerns regarding vaccine safety have emerged following reports of potential adverse events
in both humans and animals. In the present study, alum, alum-containing vaccine and alum adjuvant
tagged with fluorescent nanodiamonds were used to evaluate i) the persistence time at the injection site, ii)
the translocation of alum from the injection site to lymphoid organs, and iii) the behavior of adult CD1 mice
following intramuscular injection of alum (400 μg Al/kg). Results showed for the first time a strikingly
delayed systemic translocation of adjuvant particles. Alum-induced granuloma remained for a very long
time in the injected muscle despite progressive shrinkage from day 45 to day 270. Concomitantly, a
markedly delayed translocation of alum to the draining lymph nodes, major at day 270 endpoint, was
observed. Translocation to the spleen was similarly delayed (highest number of particles at day 270). In
contrast to C57BL/6J mice, no brain translocation of alum was observed by day 270 in CD1 mice.
Consistently neither increase of Al cerebral content, nor behavioral changes were observed. On the basis
of previous reports showing alum neurotoxic effects in CD1 mice, an additional experiment was done, and
showed early brain translocation at day 45 of alum injected subcutaneously at 200 μg Al/kg. This study
confirms the striking biopersistence of alum. It points out an unexpectedly delayed diffusion of the adjuvant
in lymph nodes and spleen of CD1 mice, and suggests the importance of mouse strain, route of
administration, and doses, for future studies focusing on the potential toxic effects of aluminum-based
adjuvants.
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Abstract Aluminum oxyhydroxide (alum) is a crystalline compound widely used as an immunological
adjuvant of vaccines. Concerns linked to the use of alum particles emerged following recognition of their
causative role in the so-called macrophagic myofasciitis (MMF) lesion detected in patients with myalgic
encephalomyelitis/chronic fatigue/syndrome. MMF revealed an unexpectedly long-lasting biopersistence of
alum within immune cells in presumably susceptible individuals, stressing the previous fundamental
misconception of its biodisposition. We previously showed that poorly biodegradable aluminum-coated
particles injected into muscle are promptly phagocytosed in muscle and the draining lymph nodes, and can
disseminate within phagocytic cells throughout the body and slowly accumulate in brain. This strongly
suggests that long-term adjuvant biopersistence within phagocytic cells is a prerequisite for slow brain
translocation and delayed neurotoxicity. The understanding of basic mechanisms of particle biopersistence
and brain translocation represents a major health challenge, since it could help to define susceptibility
factors to develop chronic neurotoxic damage. Biopersistence of alum may be linked to its lysosomedestabilizing effect, which is likely due to direct crystal-induced rupture of phagolysosomal membranes.
Macrophages that continuously perceive foreign particles in their cytosol will likely reiterate, with variable
interindividual efficiency, a dedicated form of autophagy (xenophagy) until they dispose of alien materials.
Successful compartmentalization of particles within double membrane autophagosomes and subsequent
fusion with repaired and re-acidified lysosomes will expose alum to lysosomal acidic pH, the sole factor
that can solubilize alum particles. Brain translocation of alum particles is linked to a Trojan horse
mechanism previously described for infectious particles (HIV, HCV), that obeys to CCL2, signaling the
major inflammatory monocyte chemoattractant.
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Are there negative CNS impacts of aluminum adjuvants used in vaccines
and immunotherapy?
Shaw CA1, Li D, Tomljenovic L.
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Abstract In spite of a common view that aluminum (Al) salts are inert and therefore harmless as
vaccine adjuvants or in immunotherapy, the reality is quite different. In the following article we briefly
review the literature on Al neurotoxicity and the use of Al salts as vaccine adjuvants and consider not
only direct toxic actions on the nervous system, but also the potential impact for triggering
autoimmunity. Autoimmune and inflammatory responses affecting the CNS appear to underlie some
forms of neurological disease, including developmental disorders. Al has been demonstrated to
impact the CNS at every level, including by changing gene expression. These outcomes should raise
concerns about the increasing use of Al salts as vaccine adjuvants and for the application as more
general immune stimulants.
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Abstract
BACKGROUND: The prevalence of diagnosed autism has increased rapidly over the last several decades
among U.S. children. Environmental factors are thought to be driving this increase and a list of the top ten
suspected environmental toxins was published recently.
METHODS: Temporal trends in autism for birth years 1970-2005 were derived from a combination of data
from the California Department of Developmental Services (CDDS) and the United States Individuals with
Disabilities Education Act (IDEA). Temporal trends in suspected toxins were derived from data compiled
during an extensive literature survey. Toxin and autism trends were compared by visual inspection and
computed correlation coefficients. Using IDEA data, autism prevalence vs. birth year trends were
calculated independently from snapshots of data from the most recent annual report, and by tracking
prevalence at a constant age over many years of reports. The ratio of the snapshot:tracking trend slopes
was used to estimate the "real" fraction of the increase in autism.
RESULTS: The CDDS and IDEA data sets are qualitatively consistent in suggesting a strong increase in
autism prevalence over recent decades. The quantitative comparison of IDEA snapshot and constant-age
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tracking trend slopes suggests that ~75-80% of the tracked increase in autism since 1988 is due to an
actual increase in the disorder rather than to changing diagnostic criteria. Most of the suspected
environmental toxins examined have flat or decreasing temporal trends that correlate poorly to the rise in
autism. Some, including lead, organochlorine pesticides and vehicular emissions, have strongly decreasing
trends. Among the suspected toxins surveyed, polybrominated diphenyl ethers, aluminum adjuvants, and
the herbicide glyphosate have increasing trends that correlate positively to the rise in autism.
CONCLUSIONS: Diagnosed autism prevalence has risen dramatically in the U.S over the last several
decades and continued to trend upward as of birth year 2005. The increase is mainly real and has
occurred mostly since the late 1980s. In contrast, children's exposure to most of the top ten toxic
compounds has remained flat or decreased over this same time frame. Environmental factors with
increasing temporal trends can help suggest hypotheses for drivers of autism that merit further
investigation.

Figure 6. From: A comparison of temporal trends in United States autism prevalence to trends in
suspected environmental factors.
Temporal trend in autism compared to temporal trend in U.S. application of glyphosate to
genetically-modified corn and soy crops, as estimated from US Department of Agriculture data
Cynthia D Nevison. Environ Health. 2014;13:73.
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Figure 5. From: A comparison of temporal trends in United States autism prevalence to trends in
suspected environmental factors.
Temporal trend in autism compared to temporal trend in cumulative amount of postnatal aluminum
adjuvant administered to U.S. children by 18 months of age. Red circles are years with published
immunization schedules. Red triangles reflect educated guesses in gap years without published schedules.
The red curve is lagged 1 year because 18 month-olds born, e.g., in 1994 will likely follow the 1995
schedule.

Cynthia D Nevison. Environ Health. 2014;13:73.
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Abstract We have examined the neurotoxicity of aluminum in humans and animals under various
conditions, following different routes of administration, and provide an overview of the various
associated disease states. The literature demonstrates clearly negative impacts of aluminum on the
nervous system across the age span. In adults, aluminum exposure can lead to apparently agerelated neurological deficits resembling Alzheimer's and has been linked to this disease and to the
Guamanian variant, ALS-PDC. Similar outcomes have been found in animal models. In addition,
injection of aluminum adjuvants in an attempt to model Gulf War syndrome and associated
neurological deficits leads to an ALS phenotype in young male mice. In young children, a highly
significant correlation exists between the number of pediatric aluminum-adjuvanted vaccines
administered and the rate of autism spectrum disorders. Many of the features of aluminum-induced
neurotoxicity may arise, in part, from autoimmune reactions, as part of the ASIA syndrome.
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Slow CCL2-dependent translocation of biopersistent particles from muscle to brain.
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Abstract

BACKGROUND: Long-term biodistribution of nanomaterials used in medicine is largely unknown. This is
the case for alum, the most widely used vaccine adjuvant, which is a nanocrystalline compound
spontaneously forming micron/submicron-sized agglomerates. Although generally well tolerated, alum is
occasionally detected within monocyte-lineage cells long after immunization in presumably susceptible
individuals with systemic/neurologic manifestations or autoimmune (inflammatory) syndrome induced by
adjuvants (ASIA).
METHODS: On the grounds of preliminary investigations in 252 patients with alum-associated ASIA
showing both a selective increase of circulating CCL2, the major monocyte chemoattractant, and a
variation in the CCL2 gene, we designed mouse experiments to assess biodistribution of vaccine-derived
aluminum and of alum-particle fluorescent surrogates injected in muscle. Aluminum was detected in
tissues by Morin stain and particle induced X-ray emission) (PIXE) Both 500 nm fluorescent latex beads
and vaccine alum agglomerates-sized nanohybrids (Al-Rho) were used.
RESULTS: Intramuscular injection of alum-containing vaccine was associated with the appearance of
aluminum deposits in distant organs, such as spleen and brain where they were still detected one year
after injection. Both fluorescent materials injected into muscle translocated to draining lymph nodes
(DLNs) and thereafter were detected associated with phagocytes in blood and spleen. Particles linearly
accumulated in the brain up to the six-month endpoint; they were first found in perivascular CD11b+ cells
and then in microglia and other neural cells. DLN ablation dramatically reduced the biodistribution.
Cerebral translocation was not observed after direct intravenous injection, but significantly increased in
mice with chronically altered blood-brain-barrier. Loss/gain-of-function experiments consistently implicated
CCL2 in systemic diffusion of Al-Rho particles captured by monocyte-lineage cells and in their subsequent
neurodelivery. Stereotactic particle injection pointed out brain retention as a factor of progressive particle
accumulation.
CONCLUSION: Nanomaterials can be transported by monocyte-lineage cells to DLNs, blood and spleen,
and, similarly to HIV, may use CCL2-dependent mechanisms to penetrate the brain. This occurs at a very
low rate in normal conditions explaining good overall tolerance of alum despite its strong neurotoxic
potential. However, continuously escalating doses of this poorly biodegradable adjuvant in the population
may become insidiously unsafe, especially in the case of overimmunization or immature/altered blood
brain barrier or high constitutive CCL-2 production.

Entropy 2012, 14(11), 2227-2253 [ full-text down-loaded]
Empirical Data Confirm Autism Symptoms Related to Aluminum and Acetaminophen
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Abstract

Autism is a condition characterized by impaired cognitive and social skills, associated with
compromised immune function. The incidence is alarmingly on the rise, and environmental factors are
increasingly suspected to play a role. This paper investigates word frequency patterns in the U.S. CDC Vaccine
Adverse Events Reporting System (VAERS) database. Our results provide strong evidence supporting a link
between autism and the aluminum in vaccines. A literature review showing toxicity of aluminum in human
physiology offers further support. Mentions of autism in VAERS increased steadily at the end of the last century,
during a period when mercury was being phased out, while aluminum adjuvant burden was being increased.
Using standard log-likelihood ratio techniques, we identify several signs and symptoms that are significantly
more prevalent in vaccine reports after 2000, including cellulitis, seizure, depression, fatigue, pain and death,
which are also significantly associated with aluminum-containing vaccines. We propose that children with the
autism diagnosis are especially vulnerable to toxic metals such as aluminum and mercury due to insufficient
serum sulfate and glutathione. A strong correlation between autism and the MMR (Measles, Mumps, Rubella)
vaccine is also observed, which may be partially explained via an increased sensitivity to acetaminophen
administered to control fever.
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Abstract Immune challenges during early development, including those vaccine-induced, can lead to
permanent detrimental alterations of the brain and immune function. Experimental evidence also shows that
simultaneous administration of as little as two to three immune adjuvants can overcome genetic resistance to
autoimmunity. In some developed countries, by the time children are 4 to 6 years old, they will have received a
total of 126 antigenic compounds along with high amounts of aluminum (Al) adjuvants through routine
vaccinations. According to the US Food and Drug Administration, safety assessments for vaccines have often
not included appropriate toxicity studies because vaccines have not been viewed as inherently toxic. Taken
together, these observations raise plausible concerns about the overall safety of current childhood vaccination
programs. When assessing adjuvant toxicity in children, several key points ought to be considered: (i) infants
and children should not be viewed as "small adults" with regard to toxicological risk as their unique physiology
makes them much more vulnerable to toxic insults; (ii) in adult humans Al vaccine adjuvants have been linked
to a variety of serious autoimmune and inflammatory conditions (i.e., "ASIA"), yet children are regularly
exposed to much higher amounts of Al from vaccines than adults; (iii) it is often assumed that peripheral
immune responses do not affect brain function. However, it is now clearly established that there is a
bidirectional neuro-immune cross-talk that plays crucial roles in immunoregulation as well as brain function. In
turn, perturbations of the neuro-immune axis have been demonstrated in many autoimmune diseases
encompassed in "ASIA" and are thought to be driven by a hyperactive immune response; and (iv) the same
components of the neuro-immune axis that play key roles in brain development and immune function are
heavily targeted by Al adjuvants. In summary, research evidence shows that increasing concerns about current
vaccination practices may indeed be warranted. Because children may be most at risk of vaccine-induced
complications, a rigorous evaluation of the vaccine-related adverse health impacts in the pediatric population is
urgently needed.

J Inorg Biochem. 2011 Nov;105(11):1489-99. PMID:22099159
Do aluminum vaccine adjuvants contribute to the rising prevalence of autism?
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Abstract Autism spectrum disorders (ASD) are serious multisystem developmental disorders and an urgent
global public health concern. Dysfunctional immunity and impaired brain function are core deficits in ASD.
Aluminum (Al), the most commonly used vaccine adjuvant, is a demonstrated neurotoxin and a strong immune
stimulator. Hence, adjuvant Al has the potential to induce neuroimmune disorders. When assessing adjuvant
toxicity in children, two key points ought to be considered: (i) children should not be viewed as "small adults" as
their unique physiology makes them much more vulnerable to toxic insults; and (ii) if exposure to Al from only
few vaccines can lead to cognitive impairment and autoimmunity in adults, is it unreasonable to question
whether the current pediatric schedules, often containing 18 Al adjuvanted vaccines, are safe for children? By
applying Hill's criteria for establishing causality between exposure and outcome we investigated whether
exposure to Al from vaccines could be contributing to the rise in ASD prevalence in the Western world. Our
results show that: (i) children from countries with the highest ASD prevalence appear to have the highest
exposure to Al from vaccines; (ii) the increase in exposure to Al adjuvants significantly correlates with the
increase in ASD prevalence in the United States observed over the last two decades (Pearson r=0.92, p<0.0001);
and (iii) a significant correlation exists between the amounts of Al administered to preschool children and the
current prevalence of ASD in seven Western countries, particularly at 3-4 months of age (Pearson r=0.89-0.94,
p=0.0018-0.0248). The application of the Hill's criteria to these data indicates that the correlation between Al in
vaccines and ASD may be causal. Because children represent a fraction of the population most at risk for
complications following exposure to Al, a more rigorous evaluation of Al adjuvant safety seems warranted.
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Aluminum vaccine adjuvants: are they safe?
Tomljenovic L, Shaw CA.
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Abstract Aluminum is an experimentally demonstrated neurotoxin and the most commonly used vaccine

adjuvant. Despite almost 90 years of widespread use of aluminum adjuvants, medical science's understanding
about their mechanisms of action is still remarkably poor. There is also a concerning scarcity of data on
toxicology and pharmacokinetics of these compounds. In spite of this, the notion that aluminum in vaccines is
safe appears to be widely accepted. Experimental research, however, clearly shows that aluminum adjuvants
have a potential to induce serious immunological disorders in humans. In particular, aluminum in adjuvant form
carries a risk for autoimmunity, long-term brain inflammation and associated neurological complications and
may thus have profound and widespread adverse health consequences. In our opinion, the possibility that
vaccine benefits may have been overrated and the risk of potential adverse effects underestimated, has not been
rigorously evaluated in the medical and scientific community. We hope that the present paper will provide a
framework for a much needed and long overdue assessment of this highly contentious medical issue.

Vaccine. 2011 Nov 21;29(50):9289. PMID:21871940 DOI: 10.1016/j.vaccine.2011.08.062

Aluminium-based adjuvants should not be used as placebos in clinical
trials.
Exley C.
[No abstract in Pubmed]
J Expo Sci Environ Epidemiol. 2010 Nov;20(7):598-601. PMID: 20010978
Infants' exposure to aluminum from vaccines and breast milk during the first 6
months.
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Abstract The success of vaccination programs in reducing and eliminating infectious diseases has

contributed to an ever-increasing number of vaccines given at earlier ages (newborns and infants).
Exposure to low levels of environmental toxic substances (including metals) at an early age raises
plausible concerns over increasingly lower neuro-cognitive rates. Current immunization schedules with
vaccines containing aluminum (as adjuvant) are given to infants, but thimerosal (as preservative) is found
mostly in vaccines used in non-industrialized countries. Exclusively, breastfed infants (in Brazil) receiving a
full recommended schedule of immunizations showed an exceedingly high exposure of Al (225 to 1750 μg
per dose) when compared with estimated levels absorbed from breast milk (2.0 μg). This study does not
dispute the safety of vaccines but reinforces the need to study long-term effects of early exposure to
neuro-toxic substances on the developing brain. Pragmatic vaccine safety needs to embrace conventional
toxicology, addressing especial characteristics of unborn fetuses, neonates and infants exposed to low
levels of aluminum, and ethylmercury traditionally considered innocuous to the central nervous system.

Trends Immunol. 2010 Mar;31(3):103-9. PMID: 20153253

The immunobiology of aluminium adjuvants: how do they really work?
Exley C1, Siesjö P, Eriksson H.

1The Birchall Centre, Lennard-Jones Laboratories, Keele University, Staffordshire, ST5 5BG,
UK. c.exley@chem.keele.ac.uk

Abstract
Aluminium adjuvants potentiate the immune response, thereby ensuring the potency and efficacy of
typically sparingly available antigen. Their concomitant critical importance in mass vaccination
programmes may have prompted recent intense interest in understanding how they work and their safety.
Progress in these areas is stymied, however, by a lack of accessible knowledge pertaining to the
bioinorganic chemistry of aluminium adjuvants, and, consequently, the inappropriate application and
interpretation of experimental models of their mode of action. The objective herein is, therefore, to identify
the many ways that aluminium chemistry contributes to the wide and versatile armoury of its adjuvants,
such that future research might be guided towards a fuller understanding of their role in human
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vaccinations.

J Inorg Biochem. 2009 Nov;103(11):1571-8. PMID: 19748679

Long-term persistence of vaccine-derived aluminum hydroxide is
associated with chronic cognitive dysfunction.

Couette M1, Boisse MF, Maison P, Brugieres P, Cesaro P, Chevalier X, Gherardi RK,
Bachoud-Levi AC, Authier FJ.
1INSERM,

Unite U955, Team 1, Creteil F-94010, France.

Abstract Macrophagic myofasciitis (MMF) is an emerging condition, characterized by specific muscle

lesions assessing long-term persistence of aluminum hydroxide within macrophages at the site of previous
immunization. Affected patients mainly complain of arthromyalgias, chronic fatigue, and cognitive
difficulties. We designed a comprehensive battery of neuropsychological tests to prospectively delineate
MMF-associated cognitive dysfunction (MACD). Compared to control patients with arthritis and chronic
pain, MMF patients had pronounced and specific cognitive impairment. MACD mainly affected (i) both
visual and verbal memory; (ii) executive functions, including attention, working memory, and planning; and
(iii) left ear extinction at dichotic listening test. Cognitive deficits did not correlate with pain, fatigue,
depression, or disease duration. Pathophysiological mechanisms underlying MACD remain to be
determined. In conclusion, long-term persistence of vaccine-derived aluminum hydroxide within the body
assessed by MMF is associated with cognitive dysfunction, not solely due to chronic pain, fatigue and
depression.
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Towards an understanding of the adjuvant action of aluminium.
Marrack P1, McKee AS, Munks MW.

1 HHMI, Integrated Department of Immunology, National Jewish Health, University of Colorado Health Science Center,
Denver, Colorado 80262, USA. marrackp@njhealth.org

Abstract The efficacy of vaccines depends on the presence of an adjuvant in conjunction with the
antigen. Of these adjuvants, the ones that contain aluminium, which were first discovered empirically in
1926, are currently the most widely used. However, a detailed understanding of their mechanism of action
has only started to be revealed. In this Timeline article, we briefly describe the initial discovery
of aluminium adjuvants and discuss historically important advances. We also summarize recent progress
in the field and discuss their implications and the remaining questions on how these adjuvants work.

Figure 1 Activation of the NLRP3 inflammasome by aluminium salts
(1) Aluminum salt cytotoxicity leads to release of DAMPs such as uric acid by the necrotic cell. At high
concentrations, uric acid forms monosodium urate (MSU) crystals. (2a) MSU crystals are phagocytosed by
resident cells. (2b) In addition or alternatively, aluminum adjuvants are directly phagocytosed by resident
cells. (3) MSU or aluminium salts disrupt lysosomes, releasing cathepsin B. (4) Cathepsin B may directly or
indirectly induce K+ efflux which (5) co-activates the NLRP3 inflammasome. (6) An unknown signal
induces the production of pro-IL-1β, pro-IL-18 and pro-IL-33. (7) caspase-1, following activation by the
NLRP3 inflammasome, cleaves pro-IL-1β, pro-IL-18 and pro-IL-33 to their active forms thereby promoting
their secretion. Towards an understanding of the adjuvant action of aluminium
Nat Rev Immunol. ;9(4):287-293.

13

Box 2 The NALP3 inflammasome Towards an understanding of the adjuvant action of
aluminium Nat Rev Immunol. ;9(4):287-293.
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NLR family, pyrin domain containing 3 (NLRP3; also known as NALP3) is a member of the nucleotidebinding domain and leucine-rich repeat containing gene (NLR) family and is an intracellular protein that can
sense various pathogens, such as Listeria monocytogenes and Staphylococcus aureus, pathogen
products, such as lipopolysaccharide (LPS) and muramyl dipeptide (MDP), and crystals, such as
monosodium urate (MSU) and calcium pyrophosphate dihydrate (CPPD). When activated, NLRP3
associates with the adapter protein apoptosis-associated speck-like protein containing a CARD (ASC),
which interacts with inactive pro-caspase-1. This facilitates the autocatalysis of pro-caspase-1 and results
in the generation of active caspase-1. In vitro, expression of pro-interleukin-1β (pro-IL-1β) and activation of
caspase-1 depend on Toll-like receptor (TLR) signalling, usually delivered by lipopolysaccharide (LPS).
Caspase-1 cleaves pro-IL-1β, pro-IL-18 and pro-IL-33 to generate the active cytokines, which are then
secreted through a non-canonical secretion pathway that is poorly understood. For a simplified version of
what is known about the action of the NLRP3 inflammasome, see .
Towards an understanding of the adjuvant action of aluminium
Nat Rev Immunol. ;9(4):287-293.

Aluminum-containing vaccines.

Vaccine package inserts provide the information as listed below:
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