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(57) ABSTRACT 

The invention relates to a vaccine formulation for the 
prevention of Haemophilus In?uenZae Type B (Hib) infec 
tions and Where the antigen is adsorbed onto aluminium 
phosphate. The invention also relates to a multivalent vac 
cine, that is a vaccine for the amelioration or treatment of 
more than one disease states. The present invention also 
relates to the production and use of such vaccines in medi 
cme. 
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VACCINE COMPOSITION COMPRISING A 
POLYSACCHARIDE CONJUGATE ANTIGEN 
ADSORBED ONTO ALUMINIUM PHOSPHATE 

[0001] The present invention relates to neW vaccine for 
mulations, comprising a conjugated polysaccharide antigen 
linked to a carrier protein. In particular the invention relates 
to a vaccine formulation for the prevention of Haemophilus 
In?uenZae Type B (Hib) infections and Where the antigen is 
adsorbed on to aluminium phosphate. The invention also 
relates to a multivalent vaccine, that is a vaccine for the 
amelioration or treatment of more than one disease states. 

The present invention also relates to the production and use 
of such vaccines in medicine. 

[0002] Vaccines that utilise polysaccharides are knoWn in 
the art. For example a vaccine for the prevention of Hae 
mophilus in?uenZae b (Hib) infections are based on the 
capsular polysaccharide (PRP) conjugated With a carrier 
protein. The polysaccharide is a polymer of ribose, ribitol 
and phosphate. These vaccines are typically presented as 
plain (ie Without adjuvantation) formulations. Although in 
one case, (Pedvax Hib produce by Merck) a diluent con 
taining aluminium hydroxide is utilised to reconstitute the 
lyophilised conjugate. Typically the carrier protein is a 
diphtheria or tetanus toxoid or an outer membrane protein of 

Nmenigitia'is. Examples of such conjugate vaccine antigens 
are disclosed in US. Pat. No. 4,365,170, US. Pat. No. 
4,673,574, EP 208 375, EP 477508 and EP 161 188. 

[0003] It is desirable to administer such conjugate vac 
cines With other antigens or vaccines at the same time and 
this can involve multiple injections. Problems associated 
With multiple injections include a more complicated admin 
istration procedure and a large total injection volume. This 
is a particularly acute problem When the vaccine is intended 
for infants. 

[0004] It has therefore been proposed to produce combi 
nation vaccines. One Well knoWn combination vaccine pro 
vides protection against Diphtheria, tetanus and B. pertussis 
infections. This vaccine comprises a Whole cell or an accel 

lular pertussis component Which typically consists of tWo or 
three antigens—(detoxi?ed PT, FHA and often, but not 
exclusively 69kDa) although in certain circumstances other 
B. pertussis antigens may also be present and toxoided 
diphtheria and tetanus toxins. Such vaccines are often 
referred to as DTPW or DTPa. Other antigens Would desir 

able be added to such a combination vaccine for the pre 
vention of diseases like hepatitis B. or Polio. 

[0005] It Would be desirable to add polysaccharide con 
jugate vaccines to such a combination. HoWever We have 
found that simple mixing of the components results in a 
reduction of antibody titres to the polysaccharide compo 
nent. 

[0006] The present inventors have discovered that this 
reduction can be inhibited if the conjugate antigen is 
adsorbed on to aluminium phosphate. In contrast, if the 
antigen is adsorbed on to aluminium hydroxide, there is a 
complete reduction of antibody titres to the polysaccharide 
component. 
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[0007] Accordingly the present invention provides a vac 
cine composition comprising a polysaccharide conjugate 
antigen adsorbed on to aluminium phosphate. Preferably the 
antigen is capsular polysaccharide (PRP) from Hib conju 
gated With a carrier protein. 

[0008] Preferably the carrier protein is either diphtheria or 
tetanus toxoid, Diphtheria Crm197 protein or an outer mem 
brane protein from a bacteria such as Nmenigitidis. 

[0009] The polysaccharide conjugate may be prepared by 
any knoWn coupling technique. For example the polysac 
charide can be coupled via a thioether linkage. This conju 
gation method relies on activation of the polysaccharide 
With 1cyano-4-dimethylamino pyridinium tetra?uoroborate 
(CDAP) to form a cyanate ester. The activated polysaccha 
ride may thus be coupled directly or via a spacer group to an 
amino group on the carrier protein. Preferably, the cyanate 
ester is coupled With hexane diamine and the amino-deri 
vatised polysaccharide is conjugated to the carrier protein 
using heteroligation chemistry involving the formation of 
the thioether linkage. Such conjugates are described in PCT 
published application WO93/15760 Uniformed Services 
University. 

[0010] The conjugates can also be prepared by direct 
reductive amination methods as described in US. Pat. No. 

4,365,170 (Jennings) and US. Pat. No.4,673,574 (Ander 
son). Other methods are described in EP-0-161-188, 
EP-208375 and EP-0-40477508. 

[0011] Afurther method involves the coupling of a cyano 
gen bromide activated polysaccharide derivatised With adi 
pic acid hydraZide to the protein carrier by carbo 
diimide condensation. Such conjugation is described in Chu 
C. et al Infec Immunity, 1983 245 256. 

[0012] In a preferred embodiment of the invention the 
ratio of PRP polysaccharide to carrier protein is reduced 
from a typical 1:3 to 110.3 to 1:2. Such loW ratio conjugates 
are advantageous, since even in an unadjuvanted state, they 
do not suffer from interference problems. 

[0013] In a preferred embodiment of the invention the 
formulation preferably contains at least one other compo 
nent selected from antigens Which afford protection against 
one or more of the folloWing: Hepatitis A virus (HAV), 
diphtheria, tetanus, pertussis, Hepatitis B and polio. 

[0014] Particular combination vaccines Within the scope 
of the invention include a DTPa (diphtheria-tetanus-accel 
lular pertussis)—Hib combination vaccine formulation, an 
Hib-Hepatitis B vaccine formulation, a DTPa-Hib-Hepatitis 
B vaccine formulation and an IPV (inactivated polio vac 
cine)—DTPa-Hib-Hepatitis B vaccine formulation. 

[0015] The above combinations may optionally include a 
component Which is protective against Hepatitis A. 

[0016] Suitable components for use in such vaccines are 
already commercially available and details may be obtained 
from the World Health Organisation. For example the IPV 
component may be the Salk inactivated polio vaccine. The 
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Diphtheria, Tetanus and Pertussis vaccine may comprise an 
acellular product such as Infanrix DTPa (SmithKline Bee 
cham Biologicals). The component affording protection 
against Hepatitis A is preferably the product knoWn as 
‘Havrix’ (SmithKline Beecham Biologicals) Which is a 
killed attenuated vaccine derived from the HM-175 strain of 
HAV [see ‘Inactivated Candidate Vaccines for Hepatitis A’ 
by F. E. Andre,AHepburn and E. D’Hondt,Pr0gMed. Wrol. 
Vol 37, pages 72-95 (1990) and the product monograph 
‘Havrix’ published by SmithKline Beecham Biologicals 
(1991)]. The Hepatitis B component may comprise the ‘S’ 
antigen as in ‘Engerix-B’. 

[0017] Advantageously the Haemophilus In?uenZae B or 
combination vaccine according to the invention is a paedi 
atric vaccine. 

[0018] Vaccine preparation is generally described in Vac 
cine Design—The Subunit and adjuvant approach Ed PoWell 
and NeWman; Pellum Press. Encapsulation Within liposomes 
is described, for example, by Fullerton, US. Pat. No. 
4,235,877. Conjugation of proteins to macromolecules is 
disclosed, for example, by Likhite, US. Pat. No. 4,372,945 
and by Armor et al., US. Pat. No. 4,474,757. 

[0019] The amount of conjugate antigen in each vaccine 
dose is selected as an amount Which induces an immuno 

protective response Without signi?cant, adverse side effects 
in typical vaccinees. Such amount Will vary depending on 
Which speci?c immunogens are employed. Generally it is 
expected that each dose Will comprise 1-1000 ug of total 
immunogen, preferably 2-100 ug, most preferably 4-40 ug. 
An optimal amount for a particular vaccine can be ascer 

tained by standard studies involving observation of antibody 
titres and other responses in subjects. FolloWing an initial 
vaccination, subjects may receive one or tWo booster injec 
tions at about 4 Weeks intervals. 

[0020] In a further aspect according to the invention, there 
is provided a method of producing the vaccine comprising 
adsorbing the conjugate antigen on to aluminium phosphate. 
The adsorbing is preferably done at a pH of betWeen 5 and 
6, preferably at about 5.4. In an embodiment the vaccine is 
freeZe dried after standing for more than 24 hours. Alterna 
tively, the vaccine of the invention may be combined With 
other antigens in a liquid form. 

[0021] The invention further provides the ?rst medical use 
of such a vaccine. 

[0022] In a further embodiment the invention provides a 
method of preventing or ameliorating Heamophilus In?u 
enZae B infections, the method comprising the administra 
tion of a non toxic, effective amount of the vaccine of the 
invention. 

[0023] The folloWing examples illustrate the invention. 

EXAMPLE 1 

Vaccine Formulation Comprising HiB 
Polysaccharide Conjugated on Tetanus Toxoid 

Adsorbed on to Aluminium Phosphate. 

[0024] Synthesis of Haemophilus in?uenZae type B cap 
sular polysaccharide (PRP) Tetanus toxoid (TT) conjugate 
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[0025] 1a Cyanogen Bromide Coupling 

[0026] The covalent binding of PRP and TT is carried out 
by a coupling chemistry developed at the NIH (Chu C. et al 
(1983), further studies on the immunogenicity of Haemo 
philus in?uenZae type b and pneumococcal type 6Apolysac 
charide protein conjugates. Infec. Immunity, 245-256). The 
PRP is activated under controlled conditions by cyanogen 
bromide and derivatised With an adipic hydraZide spacer. 

[0027] After derivatisation, the activated polysaccharide 
(PRP-AH) is puri?ed by dia?ltration. The coupling of the 
tWo puri?ed components (PRP-AH and TT) is effected by 
carbodiimide condensation. The conjugate is then puri?ed 
by ultra?ltration and gel ?ltration to remove the reagent and 
unconjugated PRP and TT. 

[0028] Synthesis of PRP-TT Conjugates 

[0029] 1 .b CDAP coupling 

[0030] 30mg of native Hib PRP Were dissolved in 6 ml 2M 
NaCl. 225 mcl of CDAP (1 cyano4-dimethylamino-pyridi 
num tetra?uoroborate) Was added to the polysaccharide 
solution (from a 100 mg/ml stock solution in acetonitrile). 
90 seconds later, 450 mcl of 0.2 M triethylamine Was added. 
The activation Was performed at pH 10.0 during 1 minute on 
ice and minute at room temperature. 

[0031] 90 mg of tetanus toxoid (initial PS/protein ratio of 
1/3) Were added to the activated polysaccharide and the 
coupling reaction Was performed at room temperature for 1 
hour. Then, the reaction Was quenched With 3 ml of 1M 
glycine solution, pH 5.0 for 30 minutes at room temperature 
and overnight at 4° C. 

[0032] The conjugate Was puri?ed by gel ?ltration on a 
sephacryl HR 500 column equilibrated in 0.2M NaCl. The 
carbohydrate and protein content Was determined in each 
fraction. The conjugate Was pooled and sterile ?ltered 
(membrane Minisart 69 0.222 ym). 

[0033] Adsorption on to aluminium phosphate 

[0034] 1.c To 0.15 mg of aluminium phosphate Was added 
12.5 mcg of the polysaccharide conjugate of example 1(a). 
This Was stirred for tWo hours the pH is adjusted to 5.1. The 
mixture Was left to stand for one day at room temperature 
and the adsorbed conjugate then left for a further 9 days at 
2 to 8° C. To prepare a freeZe dried product the adsorbed 
product is diluted in lactose (15.75 mg) to give a ?nal 
composition of 25 mcg polysaccharide/ml and 0.4 mg Al/ml 
and the resulting composition Was ?lled into 0.5 ml vials and 
freeZed dried. 

[0035] To prepare a liquid product the adsorbed conjugate 
is diluted in Water for injection With 150 mM NaCl and 5 
mg/ml phenoxy ethanol to give a ?nal composition of 20 
mcg polysaccharide/ml and 0.32 mgAl/ml. 

[0036] 1d Formulation of a Diphtheria Tetanus and Per 
tussis (acellular) vaccine With and Without hepatitis B Was 
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done in accordance to the methods of WO 93/24148 (Smith 
Kline Beecham Biologicals). 

[0037] 1.e Preparation of a ‘loW ratio’ PRP-TT aluminium 
phosphate pre-adsorbed conjugate. 

[0038] The conjugate Was prepared in an analogous man 
ner to the example of 1a, but With reduced amount of 
Tetanus used (30mcg, 60 mcg) to give a product With 
PolysaccharidezProtein ratio of 1:1 or 1:2. The conjugate is 
then adsorbed on to aluminium phosphate according to the 
method of eXample 1c. The ?nal freeZe dried preparation 
contains 12.5 pg of conjugate, 0.15 mg ALPO4, 15.75 mg 
lactose. This is reconstituted in 0.5 ml Water for injection 
prior to use at a pH of 0.1+/—0.1. 

EXAMPLE 2 

Immunogenicity of PRP-TT Conjugate Preadsorbed 
on Aluminium Phosphate and Combined With 

DTPa or DTPa-B 

[0039] The Hib conjugate of eXample 1a), either plain or 
pre-adsorbed on Al PO4 (both vaccines Were lyophiliZed) 
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limits Were calculated for the titers obtained after that third 
immuniZation. 

[0042] As shoWn in table 1, the adsorption of Hib conju 
gate on Al PO4 does not modify its immunogenicity: some 
anti-PS Were produced after the second dose and a good 
booster effect is shoWn after the third dose as seen in human 

babies. The miXing of Hib vaccine With DTPa or DTPa HB 

reduces by 3 to 8 fold the anti-PRP response and, in the case 

of DTPa-HB, this decrease is signi?cant. In contrast, the 
pre-adsorption of the Hib vaccine Al PO4 restores the 
anti-PRP response to a level at least equivalent to that 

obtained With the plain vaccine. 

Conclusion 

[0043] The Hib/aluminium phosphate formulation has 
thus the potential to solve the compatibility problem encoun 
tered When miXing Hib With other peadiatric combinations. 
Immunogenicity in a baby rat model of PRP-TT conjugate 
pre adsorbed on AIP04 and combined With DTPa or DTPa 

HB 

TABLE 1 

Vaccine 

Anti-PRP titre (v/ml) at day 

14 (Post I) 28 (Post 11) 42 (Post III) 56 (Post III 30) 

None (Nacl 0.9%) 

Hib-O01 + DTPa (119) 
Hib/A1PO4 + DTPa (119) 
Hib-O01 + DTPa HB (16705) 
Hib/A1PO4 + DTPa HB (16705) 

<0.05 <0.05 <0.05 <0.05 
<0.05 0.06 Q (4-37) m (4-31) 
<0.05 1.3 @ (5-29) 15_.4 (7-35) 
<0.05 0.16 3.4 (O-28) 1.4 (0.1-17) 
<0.05 1.9 m (7-59) m (9.42) 
<0.05 0.14 2.8 (1-6) 3.9 (2-9) 
<0.05 0.47 m (5-27) @ (9-38) 
<0.05 <0.05 <0.05 <O.14 

Was miXed With DTPa or DTPa HB no more than 1 hour 

before injection and the combination Was injected in baby 
rats (1 Week of age) by the subcutaneous route at a dose 

corresponding to 1/20th a human dose (0.5 pg of PRP). The 
rats Were boosted 2 Weeks and 4 Weeks later and the serum 

Was collected Was collected after each immuniZation to 

measure anti-PRP antibodies. Controls included the Hib 

vaccines (adsorbed or not on Al PO4) reconstituted in saline. 

[0040] Groups of 10 randomiZed baby rats (1 Week of 
ago-OFA strain) Were immuniZed 3 times subcutaneously at 
0-14-28 days With 1/20th human dose of Hib vaccine, alone 

or combined With DTPa or DTPa HB (1/20th a human dose). 

The reconstitution of the lyophilised Hib vaccine With saline 

or combinations (DTPa or DTPa HB) Was done less than 1 

hour before immuniZation. 

[0041] The rats Were bled under anesthesia at 14-28-42 

and 56 days. The anti-PRP antibodies Were measured by 

ELISA in individual sera and the titers Were expressed in 

y/ml using a calibrated reference. The GMT Was calculated 

for each group and for each time point. The 95% con?dence 

1. A vaccine composition comprising a polysaccharide 
conjugate antigen adsorbed onto aluminium phosphate. 

2. Avaccine as claimed in claim 1, Wherein the antigen is 
a capsular polysaccharide from Haemophilius in?uenZae B 
conjugate With a carrier protein. 

3. Avaccine as claimed in claim 1 or 2, Wherein the carrier 
is selected from the group comprising Diphtheria toXoid, 
Diphtheria CRM197 protein, meninogococcal outer mem 
brane protein and Tetanus toXoid. 

4. A vaccine as claimed in claim 1, 2 or 3 Wherein the 
carrier protein is a tetanus toXoid. 

5. A vaccine as claimed in any one of claims 1 to 4 
Wherein the ratio of polysaccharide to protein is from 110.3 
to 1:2 (Weight:Weight). 

6. A vaccine as claimed in any of claims 1 to 5 contains 
at least one other component to afford protection against a 
pathogen other than Haemophilus in?uenZae B. 

7. A vaccine as claimed in any of claims 1 to 6 Wherein 
the other component is selected from the group of antigens 
Which afford protection against one of Hepatitis A virus, 
diphtheria, tetanus, pertussis, Hepatitis B and Polio. 

8. Avaccine as claimed in any of claim 1 to 7 Wherein the 
adsorbed conjugate is freeZe dried. 
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9. Avaccine as claimed in any of claim 1 to 7 wherein the 
adsorbed conjugate is suspended in Water for injection. 

10. Akit comprising a container of a freeZe dried vaccine 
according to claim 8 and a second container With a vaccine 
against a second pathogen. 

11. A method of producing a vaccine according to claims 
1 to 6 comprising conjugating a polysaccharide antigen to a 
protein carrier and adsorbing said antigen onto aluminium 
phosphate. 
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12. A vaccine composition as de?ned in any of claims 1 
to 9 for use in medicine. 

13. A method of treating a patient suffering from or 
susceptible to Haemophilus in?uenZae b infection, compris 
ing administering a safe and ef?cacious amount of a vaccine 
composition according to any of claims 1 to 9. 


