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Animal studies are mandatory to investigate the poorly
understood fate and effects of aluminum adjuvants
administered to billions of humans and animals worldwide

of important doses may not be so unrealistic. It is also inevitable that the
administration schedules differ in mouse and humans, since mice live
no more than 2 years. To avoid endless debate on these points, it
could be useful to follow recommendations made by the experts of
the national drug agencies as we did in a recent study [20].
2- Inappropriate adjuvant used

In a recent paper Ameratunga; Languth, and Hawkes [1] raised “scientiﬁc and ethical concerns” pertaining to animal models of autoimmunity/autoinﬂammatory syndrome induced by adjuvants (ASIA) [1]. The
authors have previously questioned the existence of ASIA using arguments that were dismissed [2]. Now, they try to convince the scientiﬁc
community to forbid animal studies evaluating safety of aluminum
adjuvants.
This is a shocking recommendation (i) because there has been only
one reference experimental study on aluminum adjuvants toxicokinetics [3] and it suffers major conceptual and methodological limitations [4]; (ii) because aluminum adjuvants safety has never been
epidemiologically evaluated on the long term, the Centers for Disease
Control and Prevention stating “there have been no population-based
studies speciﬁcally designed to evaluate associations between clinically
meaningful outcomes and non-antigen vaccine ingredients, other than
thimerosal” [5]; and (iii) because these poorly understood compounds
used in 60% of current vaccines are intended to be administered to
billions of individuals over the next years in the setting of a massive
expansion of vaccine prevention strategies announced worldwide [6].
Ameratunga et al. [1] reviewed a list of animal studies said to have
been conducted to demonstrate ASIA [7–17]. This selection is inadequate at least for the ﬁrst study [7] which included no clinical evaluation
because it was designed to explore and understand systemic translocation of aluminum and other biopersitent particles injected in muscle. In
contrast, Ameratunga et al. omitted a number of mouse studies
documenting neurologic effects of aluminum adjuvant administration
[18–20].
Ameratunga et al. [1] listed several areas of concern in the evaluated
studies.
1- Inappropriate dose and/or delivery of adjuvant used
Three studies, including the irrelevant one mentioned above, were
criticized because they used doses considered “far in excess” of those
used in humans [7,9,10]. Another one, that appropriately used a conversion factor to adjust the dose, was pointed out because it administered
Gardasil® on 3 consecutive days instead of an over 6 months period
used in humans [14]. Extrapolating mouse to human dosage is a challenging issue since a ﬁrm scientiﬁc basis for allometric conversion is
still lacking. To approximate human to mouse dosage for aluminum
studies, a conversion factor of ×30 is used by the Agency for Toxic
Substances and Disease Registry [21] and by the US Food and Drug
Administration [22]. Since ASIA usually occurs after multiple
aluminum-containing vaccine administrations (up to 12 injectionsnot restricted to a single vaccine- in our experience [23]) administration

Freund's Complete adjuvant (FCA) is one of the ﬁrst adjuvants developed and has been widely used in research. However FCA causes local
inﬂammatory lesions which can be quite severe and its use can be
only accepted by ethic committees if their use is scientiﬁcally justiﬁed
for the induction of autoimmune disease models for which currently
no comparable alternatives are known to exist. Less problematic alternatives to FCA exist, mainly including Aluminum hydroxide which is
recommended as a “non-inﬂammatory adsorptive adjuvant “by Institutional Animal Care and Use Committees [24]. It is therefore dishonest to
consider a few papers that conventionally used FCA to elicit given autoimmune reactions (8,9,11,12), including one comparative study that
unambiguously recommended the use aluminum adjuvant instead of
FCA (12), and take pretext of these papers to dismiss aluminum
adjuvants-based studies on ASIA.
We would like to stress that there are 3 commonly used aluminum
adjuvants. If Aluminum hydroxide (Alhydrogel®) and aluminum phosphate (Adjuphos®) are commercially available, the new generation adjuvant amorphous aluminum hydroxyphosphate sulfate (AAHS) used in
Gardasil® is a Merck proprietary adjuvant [25]. To our knowledge, this
adjuvant is not available for independent experimental safety studies,
which may raise ethical problems since it has been placed in both vaccine and placebo in Gardasil premarket trials [26].
3- Use of genetically susceptible mice

Ameratunga et al. [1] pointed out two studies that used SLE prone
mice (9,13). Their criticism is difﬁcult to understand. These studies evidently aimed at evaluating if adjuvanted vaccines could represent an
environmental factor that may trigger and perpetuate an autoimmune
disorder in an individual genetically susceptible to this autoimmune
disease. The mouse model used was speciﬁcally susceptible to SLE,
and not to other autoimmune diseases. Whether or not the experimental results could be translated to the human situation is another question. Of note, the vast majority of aluminum adjuvants-based
experimental studies did not use genetically susceptible animals.
4- Small numbers of animals
Ameratunga et al. [1] criticized the same two studies for the limited
number of animals used. This was not the case for the vast majority of
aluminum adjuvants-based experimental studies. The exploratory
study in sheep is a particular case since this study was conducted to
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conﬁrm clinical observations made in the same species [15]. Conﬁrmatory studies on larger number of animals are in progress.

encephalomyelitis with behavioral alterations followed by progressive spinal neurodegenerative changes, offering an invaluable
model to understand human ASIA [15,34].

5- Poorly deﬁned experimental protocols and irreproducible data
According to Ameratunga et al. [1] the experimental protocols were
not sufﬁciently detailed in two studies [8,10]. They also made vague
statements about omission of the adjuvant type and route of administration, but they didn't quote precise references supporting their contention, which is unacceptable. They also raised a point about the
method used to assess proteinuria in one paper (12), which could not
be viewed as precluding reproducibility of the experiments.
Finally, the efforts of Ameratunga et al. [1] to pick up punctual limitations in a small number of papers to dismiss the whole appear obvious. On these weak grounds, instrumentalizing the Bradford Hill
criteria for causality is vain.
6- Severe pain induced in animal
In this section, Ameratunga et al. [1] reiterated the same strategy.
They pointed out a very limited number of studies using CFA, approved
by local ethic committees, to which they added two clearly irrelevant
studies not initially incorporated into their list [27,28]. This was done
to raise the spectre of animal torture and call “for an immediate moratorium on animal experiments of ASIA”. As stated above, aluminum adjuvants is recommended as an alternative to CFA by ethic committees and
has been used in billions of humans and animals with an excellent local
tolerance proﬁle. Taking advantage of the rise of anti-animal experimentation movements to claim for a global rejection of animal studies
on adjuvant safety is, in our opinion, an unethical way of raising a proper
scientiﬁc discussion.
Confronting the attempt to block further experimental investigations on aluminum adjuvants made by Ameratunga et al. [1] to some advances made by our two groups using experimental approaches may
indicate why further investigations in the ﬁeld are strongly needed:
- In contrast to previous belief [3], Aluminum hydroxide injected in
muscle is not solubilized in the interstitial ﬂuid and vaccinederived aluminum is not quickly eliminated in urine: instead, this
nearly insoluble particulate compound is quickly captured by monocyte/macrophage lineage cells and may persist within these cells
from many months after injection in animals [29] to many years in
some human beings [30].
- In contrast to the classical depot formation hypothesis in which local
deposition of the adjuvants was thought to play a crucial role [31], it
is now clear that a substantial part of the injected adjuvant is
transported within cells to distant organs [7,32] where they may
persist as long as in the injected muscle [33]. These organs include
the regional lymph nodes, spleen and liver, and particles can eventually enter in the brain using a CCL2-dependent Trojan horse mechanism [7,32,33]
- In contrast to previous belief that innocuity of aluminum adjuvants
can be inferred from the low quantitities of Al3+ injected with vaccines (“the dose makes the poison”), neurotoxic effects of
Alhydrogel® were shown to respond to a non-linear dose response
curve with selective toxicity of the lowest dose [20]. It seems that
toxicity of this nearly insoluble particulate adjuvant that selectively
concentrates in immune cells may obey the speciﬁc rules of small
particle toxicology rather than any simplistic dose-response relationship.
- If small animal studies showing toxic effects of aluminum adjuvants
are often suspected to be irrelevant to the human situation, this is
not the case of large animal models. In sheep, multiple aluminumcontaining vaccine administrations were shown to be associated
with a biphasic neurologic disease including initial meningo-

If aluminum-containing vaccines seem globally safe and will probably continue to prove most useful in future years, we believe that the
optimization of both vaccine products and practices is desirable to
limit the occurrence of rare adverse events. Our two groups have long
clinical experience of neurologic manifestations temporally associated
with multiple injections of aluminum hydroxide adjuvant-containing
vaccines, in humans [23,30,35,36] and sheep [15]. These observations
are in line with a huge number of convergent medical observations described as ASIA cases in all parts of the world [37]. On the one hand, temporal association does not equal causation, of course. On the other hand,
the existence of a camodel to understand human ASIusal link between
multiple vaccine administrations and neuro/immunologic adverse effects is difﬁcult to establish by epidemiology [38]. In 2012, the Institute
of Medicine (IOM) indicated “the evidence was inadequate to accept or
reject a causal relationship” for the vast majority of vaccine adverse effects they examined, and considered “the inadequate understanding of
biologic mechanisms underlying vaccine adverse effects” as one major
cause of uncertainty. The IOM committee declared that “the value of dialogue between both epidemiologic and mechanisms approaches cannot be overstated. These conversations between different types of
research can be difﬁcult, but the results are worth it”[38]. This is why
animal studies are mandatory in the ﬁeld of ASIA.
References
[1] Ameratunga R, Langguth D, Hawkes D. Perspective: Scientiﬁc and ethical concerns
pertaining to animal models of autoimmune/autoinﬂammatory syndrome induced
by adjuvants (ASIA). Autoimmun Rev Mar 8 2018;18:30045-4 pii: S1568–9972
https://doi.org/10.1016/jautrev201711.033.
[2] Crépeaux G, Gherardi RK, Authier FJ. ASIA, chronic fatigue syndrome, and selective
low dose neurotoxicity of aluminum adjuvants. J Allergy Clin Immunol Pract 2018;
6(2):707.
[3] Flarend RE, Hem SL, White JL, Elmore D, Suckow M, Rudy AC, et al. In vivo absorption
of aluminium containing vaccine adjuvants using 26 Al. Vaccine 1997;15(12113):
1314–8.
[4] Masson JD, Crepeaux G, Authier FJ, Exley C, Gherardi RK. Critical analysis of reference
studies on the toxicokinetics of aluminum-based adjuvants. J Inorg Biochem 2018;
181:87–95.
[5] Glanz JM, Newcomer SR, Daley MF, McClure DL, Baxter RP, Jackson ML, et al. Cumulative and episodic vaccine aluminum exposure in a population-based cohort of
young children. Vaccine 2015;33(48):6736–44.
[6] Kaddar M. Global vaccine market features and trends. http://www.who.int/
immunization/programmes_systems/procurement/market/world_vaccine_market_
trends.pdf; 2012, Accessed date: 16 December 2010.
[7] Khan Z, Combadiere C, Authier FJ, Itier V, Lux F, Exley C, et al. Slow CCL2-dependent
translocation of biopersistent particles from muscle to brain. BMC Med 2013;11:99.
[8] Katzav A, Kivity S, Blank M, Shoenfeld Y, Chapman J. Adjuvant immunization induces
high levels of pathogenic antiphospholipid antibodies in genetically prone mice: another facet of the ASIA syndrome. Lupus 2012;21(2):210–6.
[9] Favoino E, Favia EI, Digiglio L, Racanelli V, Shoenfeld Y, Perosa F. Effects of adjuvants
for human use in systemic lupus erythematosus (SLE)-prone (New Zealand black/
New Zealand white) F1 mice. Clin Exp Immunol 2014;175(1):32–40.
[10] Dimitrijevic L, Zivkovic I, Stojanovic M, Petrusic V, Zivancevic-Simonovic S. Vaccine
model of antiphospholipid syndrome induced by tetanus vaccine. Lupus 2012;21
(2):195–202.
[11] Bassi N, Luisetto R, Del Prete D, Ghirardello A, Ceol M, Rizzo S, et al. Induction of the
‘ASIA’ syndrome in NZB/NZWF1 mice after injection of complete Freund's adjuvant
(CFA). Lupus 2012;21(2):203–9.
[12] Bassi N, Luisetto R, Ghirardello A, Gatto M, Bottazzi B, Shoenfeld Y, et al. Vaccination
of mice for research purpose: alum is as effective as and safer than complete Freund
adjuvant. Reumatismo 2012;64(6):380–7.
[13] Agmon-Levin N, Arango MT, Kivity S, Katzav A, Gilburd B, Blank M, et al. Immunization with hepatitis B vaccine accelerates SLE-like disease in a murine model. J
Autoimmun 2014;54:21–32.
[14] Inbar R, Weiss R, Tomljenovic L, Arango MT, Deri Y, Shaw CA, et al. Behavioral abnormalities in female mice following administration of aluminum adjuvants and the
huma papillomavirus (HPV) vaccine Gardasil. Immunol Res 2017;65(1):136–49.
[15] Lujan L, Perez M, Salazar E, Alvarez N, Gimeno M, Pinczowski P, et al. Autoimmune/
autoinﬂammatory syndrome induced by adjuvants (ASIA syndrome) in commercial
sheep. Immunol Res 2013;56(2–3):317–24.
[16] Kivity S, Arango MT, Molano-Gonzalez N, Blank M, Shoenfeld Y. Phospholipid supplementation can attenuate vaccine-induced depressive-like behavior in mice.
Immunol Res 2017;65(1):99–105.

Please cite this article as: Gherardi RK, et al, , Autoimmun Rev (2018), https://doi.org/10.1016/j.autrev.2018.02.005

Animal studies are mandatory to investigate the poorly understood fate and effects of aluminum adjuvants administered to billions of humans and animals worldwide
[17] Sheth SKS, Li Y, Shaw CA. Is exposure to aluminium adjuvants associated with social
impairments in mice? A pilot study. J Inorg Biochem 2018;181:96–103.
[18] Petrik MS, Wong MC, Tabata RC, Garry RF, Shaw CA. Aluminum adjuvant linked to
gulf war illness induces motor neuron death in mice. Neuromolecular Med 2007;
9:83–100.
[19] Shaw CA, Petrik MS. Aluminum hydroxide injections lead to motor deﬁcits and
motor neuron degeneration. J Inorg Biochem 2009;103:1555–62.
[20] Crépeaux G, Eidi H, David MO, Baba-Amer Y, Tzavara E, Giros B, et al. Non-linear
dose-response of aluminium hydroxide adjuvant particles: selective low dose neurotoxicity. Toxicology 2017;375:48–57.
[21] Keith LS, Jones DE, Chou CHSJ. Aluminum toxicokinetics regarding infant diet and
vaccinations. Vaccine 2002;20(Suppl. 3):S13–7.
[22] Mitkus RJ, King DB, Hess MA, Forshee RA, Walderhaug MO. Updated aluminum
pharmacokinetics following infant exposures through diet and vaccination. Vaccine
2011;29:9538–43.
[23] Rigolet M, Aouizerate J, Couette M, Ragunathan-Thangarajah N, Aoun-Sebaiti M,
Gherardi RK, et al. Clinical features in patients with long-lasting macrophagic
myofasciitis. Front Neurol 2014;5:230.
[24] University of California San Diego (UCSD) (n.d.). Institutional animal care and use
committee policy manual. Policy on use of adjuvants. Policy #3.03.2014 https://
blink.ucsd.edu/_ﬁles/sponsor-tab/iacuc/Policy%203%20Adjuvants%20.pdf
[25] Caulﬁeld MJ, Shi L, Wang S, Wang B, Tobery TW, Mach H, et al. Effect of alternative
aluminum adjuvants on the absorption and immunogenicity of HPV16 L1 VLPs in
mice. Hum Vaccin 2007;3(4):139–45.
[26] Exley C. Aluminium-based adjuvants should not be used as placebos in clinical trials.
Vaccine 2011;29(50):9289.
[27] Bonin RP, Bories C, De Koninck Y. A simpliﬁed up-down method (SUDO) for measuring mechanical nociception in rodents using von Frey ﬁlaments. Mol Pain 2014;10:26.
[28] Li XY, Wang N, Wang YJ, Zuo ZX, Koga K, Luo F, et al. Long-term temporal imprecision of information coding in the anterior cingulate cortex of mice with peripheral
inﬂammation or nerve injury. J Neurosci 2014;34(32):10675–8.
[29] Authier FJ, Sauvat S, Christov C, Chariot P, Raisbeck G, Poron MF, et al. AlOH3adjuvanted vaccine-induced macrophagic myofasciitis in rats is inﬂuenced by the
genetic background. Neuromuscul Disord 2006;16(5):347–52.
[30] Gherardi RK, Coquet M, Cherin P, Belec L, Moretto P, Dreyfus PA, et al. Macrophagic
myofasciitis lesions assess long-term persistence of vaccine-derived aluminium hydroxide in muscle. Brain 2001;124(Pt 9):1821–31.
[31] Marrack P, McKee AS, Munks MW. Towards an understanding of the adjuvant action
of aluminium. Nat Rev Immunol 2009;9:287–93.
[32] Eidi H, David MO, Crépeaux G, Henry L, Joshi V, Berger MH, et al. Fluorescent
nanodiamonds as a relevant tag for the assessment of alum adjuvant particle
biodisposition. BMC Med 2015;13(144).
[33] Crépeaux G, Eidi H, David MO, Tzavara E, Giros B, Exley C, et al. Highly delayed systemic translocation of aluminum-based adjuvant in CD1 mice following intramuscular injections. J Inorg Biochem 2015;152:199–205.

3

[34] Gonzalez JM, Figueras L, Ortega ME, Lozano M, Ruiz de Arcaute M, Royo R, et al. Possible adverse reactions in sheep after vaccination with inactivated BTV vaccines. Vet
Rec 2010;166:757–8.
[35] Van Der Gucht A, Aoun Sebaiti M, Guedj E, Aouizerate J, Yara S, Gherardi RK, et al.
Brain (18)F-FDG PET metabolic abnormalities in patients with long-lasting macrophagic myofascitis. J Nucl Med 2017;58(3):492–8.
[36] Aoun Sebaiti M, Kauv P, Charles-Nelson A, Van Der Gucht A, Blanc-Durand P, Itti E,
et al. Cognitive dysfunction associated with aluminum hydroxide-induced macrophagic myofasciitis: a reappraisal of neuropsychological proﬁle. J Inorg Biochem
2018;181(4):132–8.
[37] Watad A, Quaresma M, Bragazzi NL, Cervera R, Tervaert JWC, Amital H, et al. The autoimmune/inﬂammatory syndrome induced by adjuvants (ASIA)/Shoenfeld's syndrome: descriptive analysis of 300 patients from the international ASIA syndrome
registry. Clin Rheumatol 2018;37(2):483–93.
[38] IOM (Institute of Medicine). Adverse effects of vaccines: evidence and causality.
Washington, DC: The National Academies Press; 2012.

Romain K. Gherardi
Inserm U955 E10, Université Paris Est Créteil (UPEC), Créteil, France
Corresponding author.
E-mail address: romain.gherardi@aphp.fr.
Guillemette Crépeaux
Inserm U955 E10, Université Paris Est Créteil (UPEC), Créteil, France
Ecole Nationale Vétérinaire d'Alfort, Maisons-Alfort, France
François-Jerome Authier
Inserm U955 E10, Université Paris Est Créteil (UPEC), Créteil, France
Lluis Lujan
Department of Animal Pathology, Veterinary Faculty, University of
Zaragoza, Zaragoza, Spain

Please cite this article as: Gherardi RK, et al, , Autoimmun Rev (2018), https://doi.org/10.1016/j.autrev.2018.02.005

9 February 2018
Available online xxxx

