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Aluminum salts in vaccines—US perspective
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Abstract

Aluminum in the form of aluminum hydroxide, aluminum phosphate or alum has been commonly used as an adjuvant in many vaccines
licensed by the US Food and Drug Administration. Chapter 21 of the US Code of Federal Regulations [610.15(a)] limits the amount of
aluminum in biological products, including vaccines, to 0.85 mg/dose. The amount of aluminum in vaccines currently licensed in the US
ranges from 0.85-0.125 mg/dose. Clinical studies have demonstrated that aluminum enhances the antigenicity of some vaccines such
diphtheria and tetanus toxoids. Moreover, aluminum-adsorbed diphtheria and tetanus toxoids are distinctly more effective than plain fluic
toxoids for primary immunization of children. There is little difference between plain and adsorbed toxoids for booster immunization.
Aluminum adjuvants have a demonstrated safety profile of over six decades; however, these adjuvants have been associated with seve
local reactions such as erythema, subcutaneous nodules and contact hypersensitivity. Published by Elsevier Science Ltd.
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1. Introduction 0.3-0.6. Two methods have commonly been used to prepare
aluminum adjuvanted vaccines [3]. One method involves
One of the earliest uses of aluminum as an adjuvant wasadding a solution of alum to an antigen to create a precip-
reported by Glenny et al. in 1926 [1]. These investigators itate of protein aluminate; these products are designated
demonstrated that the addition of potassium alum to diph- alum-precipitated vaccines. The second method involves
theria toxin resulted in a precipitate, and depending on the adding an antigen to pre-formed aluminum hydroxide or
added amount of potassium alum, the remaining filtrate no aluminum phosphate; this results in an aluminum-adsorbed
longer contained toxin. The precipitated diphtheria toxin vaccine.
when injected into guinea pigs resulted in a higher antigenic ~ Aluminum compounds are the only adjuvants used in the
response as compared to fluid toxoid. manufacture of currently licensed vaccines in the United
Aluminum in the form of aluminum hydroxide (Al(OH), States. Chapter 21 of the US Code of Federal Regulations
aluminum phosphate (AIPQor alum (KAI(SQy),-12H,0) [610.15(a)] governs the amount of aluminum permitted in
continues to be commonly used as an adjuvant in vac-the recommended single human dose of a product. The
cines [2]. Aluminum hydroxide is a crystalline aluminu- amount of aluminum is limited to no >0.85 mg/dose if the
moxyhydroxide that is positively charged at physiological level is assayed, or 1.14 mg if determined by calculation on
pH [isoelectric point(pl) = 11]. Aluminum phosphate the basis of the amount of aluminum compound added. The
is an amorphous aluminum hydroxyphosphate which is regulations were amended in 1981 to increase the permissi-
negatively charged at physiological pH (gt 5-7). In ble level of aluminum to 1.25mg in biological products to
alum-precipitated vaccines, alum is an aluminum hydrox- make the regulations consistent with the World Health Or-
ide that contains some sulfate anions as well as anions thaganization standards per single human dose of a product.
are used in the buffer, often phosphate. The pl dependslf aluminum compounds other than alum are used, the to-
on the precipitation process and is usually in the range of tal amount of alum should not be more than the equivalent
permitted as potassium alum, i.e. 15mg [4]. The amount of
* The views in this article are those of the authors and are not intended 15 mg of alum or 0.85 mg aluminum per dose was selected
to represent those of the Food and Drug Administration or the Public empirically from data that demonstrated that this amount of
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important is the degree of adsorption of antigen on the adju- 1930s, 1940s and 1950s, and the results varied depend-
vant and the dose of adjuvant. Gupta et al. [2] demonstrateding on the antigens involved. One such study (Table 1)
thisin mice. The formulation of DT that did not show any ad- compared the antigenic responses of fluid diphtheria tox-
sorption of DT to aluminum phosphate because of a 10-fold oid with alum-precipitated toxoid in children of various
excess of phosphate did not elicit antibodies after the first ages [6]. The results of this study showed that one dose
injection, and showed a poor response after the second in-of alum-precipitated toxoid were inferior to three doses of
jection. As far as dose, a small amount of adjuvant may be fluid toxoid; however, two doses of alum-precipitated toxoid
required for complete adsorption. Even though small doseswere far superior to three doses of plain toxoid. Moreover,
may completely adsorb the antigens, they may not show anthese investigators found that two doses of alum-precipitated
optimal adjuvant effect [5]. Excessive amounts of aluminum toxoid stimulated a longer lasting immune response as
compounds may suppress immunity by covering the antigennoted by a high proportion (86%) of children possessing
completely with mineral compounds or the aluminum com- detectable antitoxin 3 years after immunization. Another
pounds may be cytotoxic to macrophages [2]. Aluminum study (Table 2) compared the immune responses to plain
hydroxide has been demonstrated to have a more potent adversus alum-precipitated diphtheria toxoid in infants 6-10
juvant effect than aluminum phosphate which may be due days of age [7]. The infants were given either two doses
to its higher adsorption capacity and better adsorption of intramuscularly of alum-precipitated diphtheria toxoid 8
certain antigens at neutral pH [2]. weeks apart or three doses of plain toxoid (25 Lf) at monthly
intervals. Detectable levels of antitoxin were found in all
of the infants who received two doses of alum-precipitated

2. Clinical evaluation toxoid; however, 6 out of 15 infants receiving plain toxoid
did not respond.
Most of the clinical studies examining the effective- Three independent clinical trials of a multivalent vac-

ness of aluminum adjuvanted vaccines were done in thecine containing diphtheria, tetanus and pertussis toxoids

Table 1
Diphtheria toxoid, fluid vs. alum precipitatéd
Immunization procedure (20 Lf toxoid per dose) Percentage of children showing detectable antitoxin (0.01 U/ml)
4 months after first injection 3 years after first injection
Fluid, one dose 8 4
Fluid, two doses 29 19
Fluid, three doses 67 56
Alum ppt., one dose 56 26
Alum ppt., two doses 96 86

2From [6]. Copyright 1942 by the American Public Health Association.

Table 2
Diphtheria toxoid: fluid vs. alum precipitatéd
Age of children at time of first injection Injections given No. of infants with detectable
antitoxin/no. injected
6-10 days Plain toxoid, X 25Lf 9/15
6-10 days Alum ppt. toxoid, X 25Lf 23/23
>7 months Plain toxoid, 3« 25Lf 6/6
>6 weeks Alum ppt. toxoid, 2 25Lf 43/43
aFrom [7].
Table 3
DTP trial, antitoxin respons@s
Group Geometric mean antitoxin U/ml
Diphtheria Tetanus
6 months 12 months 3 months 6 months 12 months 3 months
post-booster post-booster
Al(OH)3 vaccine (61 infants) injected at 1, 6, and 14 weeks 0.4 0.07 15 3.2 1.0 8.2
Plain vaccine (77 infants) injected at 6, 12 and 18 weeks 0.2 0.1 1.2 4.2 1.9 10.1

a8From [8] (Br Med J 1955;2:635-9, reproduced with permission from the BMJ Publishing Group. Copyright 1955 BMJ Publishing Group).
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Table 4
DTP trial, antitoxin levels one month after the last of three primary 0.5 ml inje&ions
DTP preparation (concentration 3 10° pertussis/ml) No. of children Median antitoxin titer

Diphtheria Tetanus
Plain: D 50Lf T 20Lf 19 0.128 0.256
2.5mg D 10Lf AIPQ: T 5Lfperml 20 0.128-0.256 0.256
5.0mg D 20Lf AIPQ: T 20 Lfperml 16 1.024 1.024

a8From [9] (J Am Med Assoc 1956;160:108-13. Copyright 1956, American Medical Association).

combined (DTP) with and without aluminum adjuvant gave decades. Aluminum-containing vaccines have been associ-
somewhat mixed results. The earliest study of the three com-ated with severe local reaction such as erythema, subcuta-
pared DTP adsorbed on aluminum hydroxide to plain vac- neous nodules, contact hypersensitivity and granulomatous
cine [8]. No significant difference in diphtheria and tetanus inflammation [2]. Some studies with aluminum-adsorbed
geometric mean titers was observed between the groups reDTP vaccine have reported fewer reactions than unadsorbed
ceiving either the plain or the adjuvanted vaccine (Table 3). vaccine [14,15]. Aluminum hydroxide has been reported to
However, an increase in seroconversion rates was observedttract eosinophils to the injection site [16], and may in-
with the adjuvanted vaccine (all 61 children receiving the ad- crease the levels of antigen-specific and total IgE antibod-
juvanted vaccine had diphtheria titers >0.05 whereas 14/77ies that may promote IgE-mediated allergic reactions [17].
children in the plain vaccine group were below this value). On the other hand, aluminum adjuvants have been used for
Four children had no detectable titers. years for hyposensitization of allergic patients without ad-

The second trial involved children receiving DTP ad- verse results [2]. There have also been reports, especially in
sorbed on aluminum phosphate adjuvant [9]. This study usedpatients with impaired renal function, of systemic accumu-
decreasing amounts of toxoid with different amounts of ad- lation of aluminum, which has been associated with nervous
juvant. A significant increase in diphtheria and tetanus anti- disorders and bone disease [18]. Nonetheless, aluminum in-
toxin titers was achieved, especially with increased amountstake from vaccines is far less than that received from the
of aluminum phosphate adjuvant (Table 4). The third trial, diet or medications such as antacids.
in infants, comparing plain DTP with DTP adsorbed on
aluminum phosphate showed no significant difference [10].
None of the aluminum adjuvants enhanced the protective
effectiveness of pertussis toxoid in either trial because per-
tussis toxoid can behave as an adjuvant [11,12].

Variations in the results observed in different studies
may be due to differences in antigenic dose, stability of
the aluminum—antigen complexes, intrinsic adjuvant effect
of the pertussis component on the antitoxin response, and
in infants, levels of circulating maternal antitoxin [7,13].

4. Aluminum content in currently licensed vaccines

As previously stated, the US FDA (21 CFR 610.15(a))
allows no >0.85mg/dose of aluminum in vaccines. The
amount of aluminum in currently licensed vaccines is
listed in Table 5, and ranges from 0.85mg of aluminum
per dose for Lederle’s DTP-Haemophilus influenza type b
conjugate combined vaccine to 0.125mg of aluminum per

However, the consensus of the early studies suggests tha uosaefuef(\)/;clz:?r?grl'?se riﬁ?rgt;)tll I'ﬁigiig dp\?:cucrir:](;?soﬁgil aﬁgnm'
aluminum-adsorbed toxoid vaccines are distinctly more ef- Jalgm'n m h d.ro ide al m'r? m phosphate. or a combi '
fective than plain toxoids for the primary immunization of uminu ydroxide, aluminum phosp ; I

children, whereas, for booster immunization little difference hation c_)f aluminum hydromde_ and .alumlnum phosphate.
is observed between plain and adsorbed toxoids, Those licensed vaccines not listed in Table 5 such as the

live viral vaccines, inactivated polio vaccines; influenza;
rabies (Aventis Pasteur, and Chiron Behring), yellow fever,
Japanese encephalitis, adenovirus, pneumococcal polysac-
3. Safety charide, typhoid, plague, cholera, BCG, meningococcal,
and all Haemophilus influenza type b conjugate vaccines
There have been differences in opinion on using alu- (except Merck’s) do not contain aluminum adjuvants.
minum adjuvants in vaccines for human use. For example, Table 6 contains the calculated amounts of aluminum
the British Ministry of Health recommended aluminum-free a child or adult may receive from vaccinations. The total
vaccines in 1957, whereas, in 1964 the Committee on Con-amount of aluminum received from vaccines will vary de-
trol of Infectious Diseases of the American Academy of Pe- pending on which brand of vaccine is given. A 1-year-old
diatrics advised the use of alum-precipitated DTP or vaccine who receives a complete series of recommended vac-
adsorbed on aluminum hydroxide or aluminum phosphate cines may receive a minimum of 1.6 mg of aluminum or
[11]. Nevertheless, in general, vaccines using aluminum ad-a maximum of 4.1 mg of aluminum from these vaccines.
juvants have a demonstrated safety profile of more than sixA 5-year-old would be exposed to a similar amount of
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Table 5
Aluminum content of licensed vaccirfes
Vaccine Trade name Manufacturer Al per  Chemical No. of Total Al Comments
dose form doses in for series
(rQ) of Al series (mg)
Childhood vaccines
DTaP Infanrix SKB <625 Hydroxide 5 3.1
Certiva NAVA 500 Hydroxide 5 2.5
Acelimune Lederle 230 Hydroxide/ 5 1.2
Phosphate
Tripedia Avent. Past Inc. <170 Alum 5 0.85
DTP - BioPort <600 Phosphate 5 3.0
- Av. Past Inc. <170 Alum 5 0.85
Hib conjugate Liq. Pedvax Hib Merck 225 Hydroxide 3 0.68
Pneumo conjugate Prevenar Lederle 125 Phosphate 3 0.38
DTP-Hib Tetramune Lederle <850 Hydroxide 4 3.4
Hep B-Hib Comvax Merck 225 Hydroxide 3 0.68
Hep B Recombivax B Merck 225 Hydroxide 3 0.68
Engerix B SKB 250 Hydroxide 3 0.75 Additional boosters
may be given
DT, adsorbed - Avent. Past Inc.<170 Alum 5 0.85
- MPHBL 450 Phosphate 5 2.3
- Bioport <600 Phosphate 5 3.0
- Lederle <800 Phosphate 5 4.0
- Wyeth <850 Phosphate 5 4.3
Adult vaccines (some may also be indicated for younger age groups)
T, adsorbed - Lederle <850 Phosphate 6 5.1 For booster every 10
years from age 10-60
- MPHBL 450 Phosphate 6 2.7
- Wyeth <850 Phosphate 6 5.1
- SSvI <850 Phosphate 6 5.1
- Avent. Past Inc. <250 Alum 6 15
Td, adsorbed - Lederle <800 Phosphate 6 4.8 For booster every 10
years from age 10-60
- Wyeth <850 Phosphate 6 5.1
- MPHBL 450 Phosphate 6 2.7
- Avent. Past Inc. <280 Alum 6 1.7
Hep A Havrix SKB 250 Hydroxide 2 0.5 Adults; ped/teens
get
half dose
VAQTA Merck 450 Hydroxide 2 0.9 Adults
VAQTA Merck 225 Hydroxide 2 0.45 2-17 years
Lyme Lymerix SKB 500 Hydroxide 3 15 Booster schedule not established;
not currently indicated
for children
Anthrax Lymerix BioPort <830 Hydroxide 6 5.0 Yearly booster can be given
Rabies RabAvert BioPort 442 Phosphate 5 2.2 Post-exposure
RabAvert BioPort 442 Phosphate 3 13 Pre-exposure; booster 2

per year can be given

aFor values designated as or <, the actual aluminum content may be significantly less.

aluminum, 1.9-4.9mg, if the recommended vaccines for 5. Summary
this age were received. The amount of aluminum an adult

would receive from vaccines varies greatly depending on

Although there are only a few clinical trials in which

the number of vaccines given. The Advisory Committee on a given batch of vaccine, with and without adjuvant, has
Immunization Practices recommends a Td booster every 10been tested in comparable populations, aluminum adju-
years and recommends influenza vaccine for those over 60vants have been used in vaccines for many decades, and
years of age; most of the other vaccines listed would not be have been proven to be safe. A review of the literature on
routinely given to all adults. aluminum-adsorbed or alum-precipitated vaccines suggests
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Table 6

Estimated Al loading from vaccination

Age Vaccine Doses in series Al/series (mg) Total Al (mg)

Min Max Min Max
1 DTaP 3 0.51 1.88 1.6 35
Hib conjugaté 2 0 0.45 1.6 3.5
Pneumo conjugate 3 0.38 0.38 1.6 35
Hep B 3 0.68 0.75 1.6 35
Tetramune 3 2.55 2.55 3.6 3.7
Pneumo conjugate 3 0.38 0.38 3.6 3.7
Hep B 3 0.68 0.75 3.6 3.7
DT adsorbed 3 0.51 2.55 3.6 3.7
Hib conjugate 2 0 0.45 1.6 4.1
Pneumo conjugate 3 0.38 0.38 1.6 4.1
Hep B 3 0.68 0.75 1.6 4.1
5 Cumulative - - - 1.9 49

DTaP 5 0.85 3.13 1.9 41
Hib conjugate 3 0 0.68 1.9 4.9
Pneumo conjugate 3 0.38 0.38 1.9 4.9
Hep B 3 0.68 0.75 1.9 4.9

60 Above childhood - 1.91 4.94 10.6 4.9
Td (boost every 10 years) 6 1.68 5.10 10.6 4.9
Hep A (1 series) 2 0.50 0.90 10.6 19.6
Lyme (1 series) 3 1.50 1.50 10.6 19.6
Anthrax (1 series) 6 5.00 5.00 10.6 19.6
Rabies (post-exposufe) 5 0 2.2 10.6 19.6

60 (high risk, e.g. lab worket) Above vaccines - 10.6 19.6 31.4 19.6
Anthrax (once yearly boost) 25 20.8 20.8 314 62.5
Rabies (twice yearly boost) 50 0 221 314 62.5

20nly one of four licensed Hib conjugates contains aluminum.

bOnly one of four licensed rabies vaccines contains aluminum.

¢The schedule with acellular pertussis used.

d Assuming 25 years of booster vaccinations with rabies and/or anthrax.
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