
Peut contenir des traces de formaldéhyde, néomycine et polymyxine qui ont été u8lisés au cours du processus de 
fabrica8on 

Liste des excipients 
Poudre Hib : Lactose anhydre 
Suspension DTCa-HepB-P :
Chlorure de sodium (NaCl),
Milieu 199 contenant principalement des acides aminés, des sels minéraux, des vitamines Eau pour prépara8ons 
injectables. 
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1.  DÉNOMINATION DU MÉDICAMENT 
 
Infanrix hexa, poudre et suspension pour suspension injectable. 
Vaccin diphtérique (D), tétanique (T), coquelucheux (acellulaire, multicomposé) (Ca), de l’hépatite B 
(ADNr) (HepB), poliomyélitique (inactivé) (P) et de l’Haemophilus influenzae type b (Hib) conjugué 
(adsorbé). 
 
 
2.  COMPOSITION QUALITATIVE ET QUANTITATIVE 
 
Après reconstitution, 1 dose (0,5 ml) contient : 
 
Anatoxine diphtérique1  ≥30 Unités Internationales (UI) 
Anatoxine tétanique1  ≥40 Unités Internationales (UI) 
Antigènes de Bordetella pertussis 

Anatoxine pertussique (PT)1  25 microgrammes 
Hémagglutinine filamenteuse (FHA)1   25 microgrammes 
Pertactine (PRN)1   8 microgrammes 

Antigène de surface du virus de l'hépatite B (HBs)2,3                                         10 microgrammes 
Virus de la poliomyélite (inactivés) (IPV) 

Type 1 (souche Mahoney) 4  40 unités antigène D 
Type 2 (souche MEF-1) 4  8 unités antigène D 
Type 3 (souche Saukett) 4  32 unités antigène D 

Polyoside d'Haemophilus influenzae type b 10 microgrammes 
(phosphate de polyribosylribitol, PRP)3  
conjugué à l’anatoxine tétanique en tant que protéine vectrice            environ 25 microgrammes 
 
1adsorbé sur hydroxyde d'aluminium hydraté (Al(OH)3)   0,5 milligrammes Al3+ 

2produit sur des cellules de levure (Saccharomyces cerevisiae) par la technique de l’ADN recombinant 
3adsorbé sur phosphate d'aluminium (AlPO4) 0,32 milligrammes Al3+ 

4produit sur des cellules VERO 
 
Ce vaccin peut contenir des traces de formaldéhyde, néomycine et polymyxine qui ont été utilisés au 
cours du processus de fabrication (voir rubrique 4.3). 
 
Pour la liste complète des excipients, voir rubrique 6.1 
 
 
3.  FORME PHARMACEUTIQUE 
 
Poudre et suspension pour suspension injectable. 
Le composant diphtérique, tétanique, coquelucheux acellulaire, hépatite B, poliomyélitique inactivé 
(DTCa-HepB-P) se présente sous forme d'une suspension blanche trouble. 
Le composant lyophilisé Haemophilus influenzae type b (Hib) est une poudre blanche. 
 
 
4.  DONNÉES CLINIQUES 
 
4.1  Indications thérapeutiques 
 
Infanrix hexa est indiqué pour la primovaccination et le rappel des nourrissons et des enfants en bas 
âge contre la diphtérie, le tétanos, la coqueluche, l'hépatite B, la poliomyélite et les infections à 
Haemophilus influenzae type b.  
 
4.2  Posologie et mode d’administration 
 

Exemple : Infanrix Hexa, GlaxoSmithKline Biologicals s.a. , vaccin combiné
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4 Biochemistry: Miyanohara et al.

FIG. 3. Electron micrograph of HBsAg-positive spherical and oval particles appearing in induced yeast cell lysates. Extracts (100 ILI) from the
inducedyeast cells were incubated with an equal volume of anti-HBsAgrabbit IgG (passive hemagglutinin titer, 1:29) for 12 hr at room temperature.
The mixture was then centrifuged at 12,000 x g for 30 min. The pellet was stained with uranyl acetate. (Bar = 20 nm.)

erations, more than 99.9% of the cells retained the Leu+ char-
acter, showing that the recombinant plasmids are as stable as
the parental 2-pum plasmid (26). The expression level of HBsAg
was calculated to be about 5 X 105 HBsAg subunits per yeast
cell, assuming that the HBsAg in yeast extracts reacts with anti-
HBsAg antibody with an efficiency equal to that of HBsAg in
serum. This level is roughly the same as that reported for pro-
duction of interferon D under control of the yeast alcohol de-
hydrogenase I promoter (27).

Some Properties ofthe HBsAg Produced in Yeast Cells. The
HBsAg in the yeast extracts was precipitated by anti-HBsAg
antibody and examined by electron microscopy. Aggregates of
20- to 22-nm spherical or oval particles were observed (Fig. 3),
which did not appear in control samples. Thus, HBsAg pro-
duced by yeast seemed to be assembled into particles similar
in size and shape to those small particles found in HBV-infected
patients' sera. Note, however, that these particles do not carry
DNA and are smaller than Dane particles (28).
The yeast extract containing HBsAg was injected subcuta-

neously into guinea pigs (=400 ng of HBsAg per animal). After
two further boosters with a 1-wk interval, the sera were exam-
ined for anti-HBsAg antibody titer by using the AUSAB ra-
dioimmunoassay (Abbott). The injected animals produced high
levels of anti-HBsAg antibody, which proves that the antigen
produced in yeast cells was sufficiently immunogenic (Table 2).
We were not able to detect other HBV-related antigens, such

as HBcAg and HBeAg, by radioimmunoassay of extracts from
yeast cells carrying the complete HBV genome, plasmid
pAH203.

DISCUSSION
In this paper we demonstrated (i) that a cloned HBsAg gene
from subtype adrHBV can be expressed efficiently in yeast cells

under control of the yeast APase promoter, (ii) that the gene
products are sufficiently immunogenic, and (iii) that the prod-
ucts are assembled into spherical or oval particles similar to
those found in patients' sera. Because we did not leave any cod-
ing sequences between the APase promoter and the initiation
codon ofthe HBsAg gene in the expression plasmid, the product
should be a nonfused complete HBsAg polypeptide. This has
yet to be proven by amino acid sequence studies.

Several attempts have been made to prepare HBsAg in E.
coli cells. However, none of them have resulted in the pro-
duction of nonfused HBsAg polypeptides. The cause for diffi-
culty is not known, but in E. coli cells, the newly produced
HBsAg polypeptides seem to be quickly degraded (29); in ad-
dition, they seem to cause effects that are deleterious to the host
cells. The use of a eukaryotic host, yeast, seems to overcome
these problems. However, what feature or structure of yeast
cells allowed accumulation ofa polypeptide that is restricted in
E. coli cells remains to be elucidated.

The efficient expression ofthe HBsAg gene in nonfused com-
plete polypeptide form in yeast not only will provide us with

Table 2. Immunogenic activity of HBsAg in yeast extracts
Injected antigens Anti-HBsAg antibody titer, cpm

HBsAg-positive yeast extract* 6,180 17,034 2,680 852
HBsAg-negative yeast extractt 102 116 - -

Purified HBsAg particlest 10,955 18,312 9,131
Numbers represent titer in guinea pig sera as measured by radioim-

munoassay. Results of replicate experiments are shown. AUSUB con-
trol, PCi: 11,505; NCI: 110.
* Extract of cells carrying plasmid pAH203 (equivalent to 400 ng of
HBsAg).

tExtract of cells carrying plasmid pAM82.
tPurified HBsAg particles from human serum (400 ng of HBsAg).

Proc. Natl. Acad. Sci. USA 80 (1983)
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P3: ProducAon de l’AnAgène HBS de l’HBV



Purifica5on de l’An5gène HBS de l’HBV

Précipitation des protéines
Séparation des lipides

Précipita1on avec hydroxyde d’aluminium (alum)

3 étapes successives:
(1) extrac1on de l'HBsAg de l'intérieur de la cellule;
(2) enrichissement du milieu en HBsAg;
(3) élimina1on substan1elle de tous les contaminants du milieu.

Ac1on de forces mécaniques 

Isolement d'une fraction substantiellement exempte de détergent et 
contenant des micelles du mélange polypeptidique.

Adsorp1on sur gel de silice puis désorp1on à l'aide d'un tampon 
désoxycholate



The difference appears when further performed on CEC, the elution
order is not opposite to that of AEC any more. A stronger binding of
pertactin resulting from the other dominated charged zone makes
discernible retention behavior with those co-eluted impurities,
such as I3 and I4. That means different kinds of proteins can be
removed in the two steps. The complementation of CEC and AEC
in separating pertactin makes the dual-IEC strategy promising in
efficient purification of this protein.

The results turned out that AEC as the capture step was success-
ful in removingmost of the contaminating proteins,which is of great
significance in reducing sample volume for the following proce-
dures. Eluted fractionwas further loaded onto the CEC. Fewproteins
flowed through and almost all of them were bounded to the adsor-
bents. Those co-eluted proteins which practically possessed equal
affinity binding on AEC showed different bound strength to CEC
and pertactin was eluted latterly, resulting in a further purification.
The dual-IEC strategy proves to be efficient in purification of per-
tactin. To verify the necessity of both AEC and CEC, the method of
combing only one-step IECwithHIC for obtaining pertactinwas car-
ried out. The results turned out that only a purity of 80% was
obtained under optimized conditions (data not shown). It can then
be concluded that the dual-IEC is effective and imperative for
purificationof pertactin.Mechanistic-based approachnot only leads
to efficient design of purification schemes, but also helps to avoid
misjudgment from empiricism during process development.

In summary, a dual-IEC scheme for purification of pertactin from
B. pertussis strain CS was developed, whichmay serve as a reference

for industrial production. It makes an integrated manufacturing
process for production of aPVs feasible, FHA and PT from pertussis
culture supernatant and pertactin from the pellet, as shown in
Fig. 6. The efficient strategy of combing AEC with CEC may be
applied for other proteins with distinct surface potential properties.
This result also demonstrated directly that regions of local charge
may dominate the binding of protein to resins and can significantly
influence retention behavior. Besides, analysis of protein surface
properties, especially the potential property, is favorable for tar-
geted selection of appropriate technique and facile development
of novel program. The success of this heuristic approach for purifi-
cation process development would promote the progress towards
more rational synthesis and design methodologies.
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Fig. 6. Schematic representation of the integrated processes for preparation of multi-components aPV from culture of Bordetella pertussis.

4038 Z. Li et al. / Vaccine 34 (2016) 4032–4039
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P4: Produc5on des an5gènes vaccinaux de Bordetella pertussis: Anatoxine pertussique 
(PT), HA filamenteuse (FHA) et pertac5ne (PRN)

« The initial anionic exchange 
chromatography concentrated the 
product from 1.7% to 14.6%, with 
recovery of 80%. The second cationic 
exchange chromatography increased the 
purity to 33%, with recovery of 83%. The 
final purification was accomplished by 
hydrophobic interaction 
chromatography, yielding a purity of 
96%. The total recovery of the three 
columns was 61%. «

Détoxifica8on 
chimique 
(hydrogen 
peroxide, 
formalin, 
glutaraldehyde) 

Li et al. Vaccine 34 (2016) 4032–4039 



P5: Production des valences du vaccin poliomyélite inactivé

Culture des cellules VERO
Sur microbilles
Scale up2Lè1500L 

Caractérisa<on de la WCB de cellules 
VERO

Stérilité microbienne et fongique, 
recherche de mycoplasmes…

Lots de semence viraux 1, 2, et 3

Mélange des virus inac<vés 

Filtration

Concentra<on
Purifica<on
Inac<va<on par formaldehyde
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Culture des cellules VERO
Seules 1500L

Culture des cellules VERO
Seules 1500L

Culture des cellules VERO
Seules 1500L

1

2

3

Infec1on

Concentra<on
Purifica<on
Inac<va<on

Concentra<on
Purifica<on
Inac<va<on

Filtration Filtra<on



P6: Production/Purification du polyoside de Haemophilus influenza type b

Lot de semences Hib lyophylisé

Fermentation des bactéries : amplification de la biomasse
1200L

Inac<va<on des germes par formaldéhyde

Récupéra<on des bactéries

Purifica<on du polyoside:
Détergents chaotropes
Chromatographies
Filtra<ons

Conjugaison chimique à la toxine tétanique

7

Formula<on: adsop<on sur sulfate l’aluminium

Vrac conjugué

Vrac formulé

Lot de semences Clostridium tetani

Fermenta<on des bactéries

Inac<va<on des germes par formaldéhyde

Récupération du surnageant

Purifica<on de la toxine

Autres molécules “porteuses”:
Toxine tétanique
Toxine diphtérique
Protéine D de H influenzae



Les opéra*ons de fabrica*on de ces vaccins sont souvent réalisées dans des sites 
géographiquement éloignés, voire des pays différents (conséquence des évolu*ons 
des compagnies pharma, mais également des considéra*ons de market access, 
techniques ou de propriété intellectuelle.

Dans ce contexte la ges*on des flux de matériel, des lots de produits (toutes étapes), 
des réac*fs pour CQ, ainsi que des espaces de produc*on devient fondamentale pour 
le succès de la distribu*on du vaccin.

Il faut en effet réunir tous les Drug substances + adjuvants pour réaliser (formuler) le 
Drug product (le vaccin) 


