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There are no clinically-approved
(aluminium) adjuvants!

There are only clinically-approved vaccines.

The safety of adjuvants is established 
alongside the safety of vaccines.

So, why are aluminium adjuvants used as 
placebos in vaccine safety trials?!
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So, what do we know about aluminium 
adjuvants that are used in clinically-
approved vaccines?

https://www.frontiersin.org/articles/10.3389/fchem.2016.00048/full
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https://www.frontiersin.org/articles/10.3389/fchem.2016.00048/full


Alhydrogel

Aluminium oxyhydroxide (boehmite)

Poorly crystalline ïhydrated structure 

(14.1% H2O at the surface interface) 

Most frequently used adjuvant in 

commercial vaccines

Composed of nanoneedles- 4.5 nm Ĭ

2.2 nm Ĭ10 nm in size 
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Adju -Phos

Aluminium hydroxyphosphate

Amorphous ïhydrated structure 

(24.2% H2O at the surface interface) 

Composed of platy particles ï50nm in 

size 
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AAHS

Amorphous aluminium 

hydroxyphosphate-sulphate

?

?

Gardasil! 
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So, how do aluminium adjuvants work?

How might understanding this also begin to 
explain the known adverse events 
associated with their use in vaccines?
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Exley et al.,(2010) The Immunobiology of aluminium adjuvants; how do they really work? Trends in Immunology, 31,103-109
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The Critical Environment of the 
Injection Site

Warsaw, 2019

A. Dilution of thevaccinepreparationinto themuscleinterstitial fluid (MIF) resultsin anarrayof

potential agonistsof the immune cascadeincluding; (1) Al 3+
(aq); (2) free antigen (AG); (3)

particulateadjuvant(ADJ); (4) ADJ with associatedAG; (5) AG-Al complex; (6) MIF ligand-Al

complex; (7) ADJ with associatedMIF ligand; (8) MIF ligand-AG complex; (9) particulateiron

(as contaminantof adjuvant)either free or with adsorbedAl/AG and resultantreactiveoxygen

species(ROS); (10) ADJ with associatedMIF ligand-AG complex; (11) ADJ with associated

MIF ligand-Al complex. MIF ligands might include biomoleculessuch as; ATP, albumin,

transferrin,citrate,fibrinogen.



What Happens to the Aluminium Adjuvant?
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Vaccine preparations (adjuvants in 0.9% NaCl)
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Fig 1: Size distributions of Alhydrogel, Adju-Phos & Imject alum in 0.9% NaCl 

following initial formulation (0hrs). Box plots are representative of the 

interquartile range of the data while blue dashed lines indicate the maxima and 

minima. Orange crosses indicate Z-average cumulant size values (nm) while 

light blue crosses represent the median peak size value (nm). Error bars 

represent the ÑSE of the measurement where n = 5. 

**
**

*

**

**

Warsaw, 2019



Fig 2: Recovery of Al (%) following selective filtration of Alhydrogel, Adju-Phos 

& Imject alum in 0.9% NaCl post initial formulation (0hrs). Error bars 

represent the %RSD of the measurement where n = 5. 
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Fig 3: TEM image of Alhydrogel in 0.9% NaCl (0hrs). Mag. 10,000X, scale bar 2µm. 
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Fig 4: TEM image of Adju-Phos in 0.9% NaCl (0hrs). Mag. 30,000X, scale bar 

1µm. 
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Fig 6: Zeta potential measurements of Alhydrogel, Adju-Phos & Imject alum in 

0.9% NaCl following initial formulation (0hrs). Error bars represent the ÑSD 

where n = 5. 
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Vaccine preparations post i.m

administration
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Fig 7: Size distributions of Alhydrogel in R10 medium following 0, 1 & 24hrs 

incubation (37ÁC). Box plots are representative of the interquartile range of the 

data while blue dashed lines indicate the maxima and minima. Orange crosses 

indicate Z-average cumulant size values (nm) while light blue crosses represent 

the median peak size value (nm). Error bars represent the ÑSE of the 

measurement where n = 5. 
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Fig 8: Recovery of Al (%) following selective filtration of Alhydrogel in R10 

medium following 0, 1 & 24hrs incubation (37ÁC). Error bars represent the 

%RSD of the measurement where n = 5. 
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Fig 9: TEM image of Alhydrogel in R10 medium (0hrs). Mag. 30,000X, scale bar 

1µm. 
Warsaw, 2019
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Fig 10: Zeta potential measurements of Alhydrogel in R10 medium following 0, 

1 & 24hrs incubation (37ÁC). Error bars represent the ÑSD where n = 5. 
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Fig 11: Size distributions of Adju-Phos in R10 medium following 0, 1 & 24hrs 

incubation (37ÁC). Box plots are representative of the interquartile range of the 

data while blue dashed lines indicate the maxima and minima. Orange crosses 

indicate Z-average cumulant size values (nm) while light blue crosses represent 

the median peak size value (nm). Error bars represent the ÑSE of the 

measurement where n = 5. 
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Fig 12: Recovery of Al (%) following selective filtration of Adju-Phos in R10 

medium following 0, 1 & 24hrs incubation (37ÁC). Error bars represent the 

%RSD of the measurement where n = 5. 
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Fig 13: TEM image of Adju-Phos in R10 medium (0hrs). Mag. 30,000X, scale bar 2µm. 

Warsaw, 2019



-16

-14

-12

-10

-8

-6

-4

-2

0

0hr 1hr 24hr

Z
e

ta
 p

o
te

n
ti
a

l 
(m

V
)

Fig 14: Zeta potential measurements of Adju-Phos in R10 medium 

following 0, 1 & 24hrs incubation (37ÁC). Error bars represent the 

ÑSD where n = 5. 
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Conclusions

üIn 0.9% NaCl, negatively charged Adju-Phoshas a larger 

overall particle size than positively charged Alhydrogel

×Alh - ~ 72% Ò 2.7ɛm 

×Adj - ~ 28% Ò 2.7ɛm    

üAt the site of injection both adjuvants become negatively 

charged upon administration

üFollowing administration Alhydrogel has a larger 

abundance of particles available for phagocytosis.

×Alh - ~ 97% Ò 2.7ɛm 

×Adj - ~ 20% Ò 2.7ɛm    

Warsaw, 2019



What About the Cellular Response to Aluminium Adjuvants?

https://www.nature.com/articles/srep06287https://www.nature.com/articles/srep31578 Warsaw, 2019

https:// aacijournal.biomedcentral.com/articles/10.1186/s13223-018-0305-2

https://www.nature.com/articles/srep06287
https://www.nature.com/articles/srep31578
https://aacijournal.biomedcentral.com/articles/10.1186/s13223-018-0305-2


Native THP-1 cells (R10)
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Lumo DAPI

Light
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Native (X 10 K)
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Alhydrogel®

2.5 - 100 µg/mL
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Å Alhydrogel® found 

localised in cell 

cytoplasm.

Å ABA particles were 

found internalised 

in THP-1 cells (ca 

1.0ɛm).

Å Alhydrogel was 

found readily 

internalised at all 

[ABA]s.

Å ABA particulates 

were also found  

associated with 

plasma 

membranes at 

100µg/mL of the 

adjuvant. 
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50ɛg/mL Alh (X 8 K)
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50ɛg/mL Alh (X 30 K)
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Adju-Phos®

2.5 - 100 µg/mL
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Å Adju-Phos® found 

localised in cell 

cytoplasm only.

Å Discreet ABA 

particles were 

found internalised 

in THP-1 cells, 

however their 

identification were 

sometimes difficult.

Å Adju-Phos was 

readily internalised 

at 2.5 and 25µg/mL 

of the ABA.

Å Uptake less 

pronounced at 50 

and 100µg/mL of 

the adjuvant. 
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THP-1 cells & 2.5ɛgmL-1 Adju-Phos® , X400mag 
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50ɛg/mL Adj (X 8 K)
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50ɛg/mL Adj (X 30 K)
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So, What About the Toxicity of Aluminium Adjuvants?
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Adjuvant cytotoxicity
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