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487	 Influenza Vaccine, H5N1/Novartis
Pandemic Influenza vaccine, surface antigen, inacti-
vated - Focetria; Influenza virus H5N1, inactivated; 
H5N1 MPH; influenza virus H5N1, inactivated, vac-
cine; bird flu vaccine; avian influenza vaccine; pan-
demic influenza vaccine
Status:  approved in EU; being added to U.S. stockpile
Organizations involved:

Novartis AG – Manuf.; R&D; Tech.
Centers for Disease Control & Prevention (CDC) 

– U.S. mark.
National Institute for Biological Standards and Control 

(NIBSC) – Tech.
MedImmune – Tech.
Astra Zeneca plc – Parent

Cross ref.:  See Inþuenza Virus H5N1 Vaccines (entry 
#484) and Inþuenza Virus Vaccines (entry #470).
Description:  Focetria is an aqueous egg-cultured split 
formaldehyde-inactivated monovalent inþuenza pandem-
ic (non pre-pandemic) vaccine formulation with MF59C.1 
adjuvant (squalene-based) for injection that, at least for the 
ñmock-upò or model vaccine approved by the European 
Union, contains primarily the outer membranes of an in-
þuenza virus derived by reverse genetics from inþuenza 
virus A/Viet Nam/1194/2004 (H5N1).  In EU terms, the 
Drug Substance (active agent) is the Monovalent Pooled 
Harvest (MPH) of Pandemic Inþuenza vaccine, surface 
antigen, inactivated.  
	 Each 0.5 ml dose of vaccine contains a buffered sus-
pension of primarily hemagglutinin (HA) and neurami
nidase (NA) antigens from the cell membrane of inþuenza 
virus H5N1 strain designated as pandemic by World Health 
Organization (WHO) or the European Union (EU) , with 
as least 7.5 Õg HA.  Other ingredients include MF59C.1, 
9.75 mg; polysorbate 80 (Tween 80), 1.175 mg; and sorbi-
tan trioleate, 1.175 mg.  Other ingredients include sodium 
chloride, potassium chloride, potassium dihydrogen phos-
phate, disodium phosphate dihydrate, magnesium chloride 
hexahydrate, calcium chloride dihydrate, and thimerosal 
(mercury-based antimicrobial preservative; see related en-
try; included only in the multi-dose vials), sodium citrate, 
citric acid, and Water for Injections.  
	 The EU-approved mock-up vaccine is based on in-
þuenza virus H5N1 Reverse Genetics Strain NIBRG 14, 
which was derived from the highly pathogenic avian in-
þuenza strain A/Vietnam/1194/2004.  Note, the approved 
mock-up vaccine and that actually manufactured will be 
varied to cover the actual pandemic strain, as designated 
by WHO/EU, when a pandemic is declared.  The vaccine 
also contains trace amounts of egg and chicken proteins, 
kanamycin or neomycin sulfate, formaldehyde, cetyltri-
methylammonium bromide (CTAB), and polysorbate 90.  
Use of the vaccine might be appropriate in patients allergic 
to these or other ingredients if a pandemic has started, with 
the caveat that facilities for resuscitation are available.
	 Focetria is manufactured with the same process and 

has the same adjuvant used for Fluad (see related entry), a 
trivalent inþuenza vaccine licensed in 12 countries in the 
EU through a Mutual Recognition Procedure (MRP).
	 The MF59C.1 adjuvant is an oil-in-water emulsion, 
composed mainly of squalene, an intermediate metabolite 
in the synthesis of cholesterol.  Squalene is a commercially 
available natural product distilled from shark liver oil.  It 
is then redistilled and supplied by qualiýed manufactur-
ers.
	 The formulation for Focetria, selected based on the 
clinical trials performed using pandemic strains, with 
MF59C.1 adjuvant, contains 7.5 Õg HA of antigen/dose. 
This is 6-times lower than the total amount of HA present 
in a conventional trivalent seasonal inþuenza vaccine -- 
15 Õg HA per strain or a total of 45Õg HA/dose.
	 The vaccine is presented as a suspension for injection 
in a pre-ýlled syringe (single dose) or in vials, single dose 
or 10-doses.  The multi-dose vials are formulated with thi-
omersal.
Nomenclature:  Inþuenza Vaccines, H5N1/Novartis [BIO]; 
Focetria [TR]; Pandemic Inþuenza vaccine, surface anti-
gen, inactivated [EU]; H5N1 MPH [SY]; inþuenza virus 
H5N1 vaccine, inactivated [SY]; pandemic inþuenza vac-
cine; Monovalent Pooled Harvest (MPH) [SY]
Companies:  Novartis AG has contracts (see the Inþuenza 
Virus Vaccine, H5N1 Products entry above, #484) with the 
U.S. Department of Health and Human Services (DHHS) 
to provide H5N1 vaccines for stockpiling in preparation for 
an epidemic/pandemic.  Novartis has also received a $55 
million (ú40.5m) contract with DHHS to further develop 
the companyôs MF59 adjuvant to help stretch vaccine sup-
plies in the case of a pandemic.  Novartis manufactures the 
vaccine at its Sienna and Rosario, Italy, facilities.
Manufacture:  The manufacturing process of Monovalent 
Pool Harvest (MPH) involves the cultivation of the pan-
demic inþuenza virus strain in embryonated chicken eggs, 
harvesting of allantoic þuid, concentration by ultraýltration 
and formaldehyde inactivation, followed by whole virus 
puriýcation using sucrose gradient centrifugation and di-
aýltration.  The HA and NA antigens from the surface of 
the puriýed whole virus are solubilized by treatment with a 
detergent cetyltrimethylammonium bromide (CTAB).  The 
solubilized antigens are separated from the non-solubilized 
components of the virus by centrifugation.  The resultant 
supernatants are treated with polystyrene-based resin to 
remove CTAB.  The polystyrene resin is removed by ýl-
tration and the resulting MPH is ýlter sterilized.
	 The current EU ñmock-upò reference virus (H5N1 
NIBRG-14) was manufactured by using Reverse Genet-
ics technology (patents held by MedImmune; see the Tech. 
transfer section of the Inþuenza Vaccine Products entry 
above) and provided by National Institute for Biological 
Standards and Control (NIBSC), U.K., an authorized WHO 
reference laboratory.  Following the European Phamaco-
peia (Ph.Eur.), the Working Seed (WS) is obtained after no 
more than 15 passages from the approved reference virus.  
Aliquots of Master Seed (MS) are aseptically ýlled into 
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sterile sealed vials, and stored in a freezer at a tempera-
ture lower than -60ęC.  The WS is obtained after only one 
passage from the MS using speciýc pathogen-free (SPF) 
eggs.  WS is tested for HA and NA identity, absence of 
mycoplasma, sterility, infectivity, HA titer, and egg infec-
tivity to assure identity and microbial quality; and the vials 
are stored at a temperature lower than -60ęC.
	 The virus is grown in pre-incubated, candled, fertile 
hens eggs.  The virus inoculum is prepared from the WS 
at a dilution calculated to ensure total egg infection and 
maximum virus yield, and it is injected into the allantoic 
cavity of each production egg.  After inoculation, the eggs 
are incubated at an optimum temperature and time for 
maximum virus yield.  The eggs are cooled to 2-8ÁC and 
fed directly into the Harvesting room.  The allantoic þuid 
(AF) is collected into the harvesting vessel, clariýed by 
centrifugation, and collected in a refrigerated tank, which 
is then connected to an ultraýltration system to concentrate 
the allantoic þuid.  An aqueous solution of formaldehyde is 
added to the clariýed concentrated allantoic þuid to inacti-
vate (kill) the virus.  The content of the tank is then trans-
ferred to a sanitized and temperature-controlled inactiva-
tion vessel and stirred throughout the inactivation period.  
The inactivation cycle depends upon the characteristics 
of speciýc virus strains.  The inactivation temperature is 
selected in order not to compromise antigenicity.
	 The virus is removed from the inactivated allantoic 
þuid using continuous þow ultracentrifuges.  The virus is 
collected using a sucrose density gradient, which concen-
trates and puriýes the virus through isopycnic centrifuga-
tion.  The puriýed virus Pool is diluted with phosphate 
buffered saline (PBS) and then diaýltered.  A clarifying ýl-
tration in performed with pre-ýlters and ýlters of different 
pore sizes.  The ýltered product represents the Whole Virus 
Concentrate, and it is sampled for testing.  A polysorbate 
80 solution is added to the Whole Virus Concentrate, and 
the product is stored waiting for the Split test results.
	 Following the split test results, cetyltrimethylammo-
nium bromide (CTAB) Solution is added to the Whole Virus 
Concentrate to solubilize the subunit HA and NA antigens, 
forming a split antigen-type vaccine.  The product is then 
centrifuged under continuous þow and the supernatant col-
lected.  A polystyrene resin is added to the Subunit Super-
natant Pool to absorb the CTAB. the product undergoes a 
clarifying ýltration to remove the resin, a stabilizer solution 
is added, and the product is then ýltered into a stainless 
steel tank, forming Monovalent Pooled Harvest (MPH).
	 The MPH is transferred to Rosia, Italy, where it is 
sampled for Bioburden, and is sterile ýltered into sterile con-
tainers.  The MPH (i.e. the active substance) is sampled for 
release testing and stored at 2-8ÁC in a stainless steel tank.  
The MPH complies with Ph.Eur. monograph 01/2006:0869 
for Inþuenza Vaccine, Surface Antigen, Inactivated. It is a 
sterile suspension containing predominantly the puriýed 
outer membranes proteins, HA and NA, of the inþuenza 
virus strain.  
	 Polysorbate 80 is not considered by the EU as a resid-

ual of production, but is used as an excipient of MF59C.1 
adjuvant, and is tested in the MPH.  The MPH is tested for 
release for Haemagglutinin Identity and Content (SRID), 
Neuraminidase Identity (ELISA), Viral inactivation, Purity 
(SDS-PAGE), Sterility, CTAB, Polysorbate 80, Barium, 
Citrates, Endotoxin, Formaldehyde, Ovalbumin Content, 
and Appearance.
	 In terms of potential prion/TSE contamination, the 
only animal-derived starting materials are eggs and squa-
lene (adjuvant).  Squalene, derived from shark liver, does 
not present any risk of potential contamination from TSE 
agents.  Regarding use of a reverse genetics strain, this 
may involve use of media and other materials containing 
ruminant products (e.g, fetal calf serum, bovine trypsin, 
Vero Cells).  TSE compliance was performed by NIBSC.
	 Various solutions, including the buffer and thiomer-
sal solutions, are prepared at Novartis facilities in Rosia, 
Italy.  The virus is cultured and Monovalent Pools are pre-
pared at the Siena, Italy, facility and transported to Rosia, 
where they are sterilized by ýltration to produce the MPH.  
The MF59C.1 Adjuvant Bulk is received from the manu-
facturing site (unspeciýed) and is sterilized by ýltration.  
The adjuvant is produced in Germany and transported to 
Italy, where it is ýltered and used to formulate the Final 
Bulk.  The components are added to the Final Bulk con-
tainer (buffer solution, water for injection, MPH, stabilizer 
solution and MF59).  After this is completed, the bulk is 
stirred to allow adequate mixing.  The pH of the Final Bulk 
is checked and samples are taken for Final Bulk release 
control testing [i.e. HA identity and content, Endotoxin, 
Total protein (other than HA), Osmolality, Ovalbumin 
Content, Thiomersal (if appropriate)].  The Final Bulk is 
then aliquoted by aseptic transfer into sterile containers, 
and stored at 2-8ęC until released.  Filling operations are 
carried out at the Rosia manufacturing site. 
Status:  In Feb. 2006, Novartis submitted a ñmock-upò ýle 
on Focetria to the European Medicines Agency (EMEA, 
European Union/EU) based on clinical studies with the 
companyôs MF59 adjuvant and several viral þu strains con-
sidered to have pandemic potential, including H9N2 and 
avian þu virus, H5N1.   The EU ócore dossierô approach 
allows the evaluation and approval of a virtual pandemic 
inþuenza vaccine based on a ómock-up vaccineô before 
the outbreak of a pandemic.  Once the actual virus strain 
has been identiýed at the time of the outbreak of the inþu-
enza pandemic, it is anticipated that a variation to the core 
dossier will be submitted and the vaccine source strain 
modiýed to incorporate antigens presumed effective against 
the pandemic strain.  
	 Focetria can/will only be used once an avian inþu-
enza ópandemicô has been ofýcially declared by the World 
Health Organization (WHO) and/or European Union.  If 
and when a pandemic is declared, Novartis will submit a 
revised application to EMEA to incorporate the identiýed 
viral strain within the vaccine.  Approval of the updated 
formulation is expected to take no longer that seasonal þu 
updates regularly submitted to the EMEA for approval.  
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Once fully approved, the company would begin manu-
facture of the new vaccine at its manufacturing plants in 
Siena and Rosia in Italy.  Currently used for seasonal þu 
vaccine production, these plants currently produce about 
20 million doses of trivalent seasonal inþuenza vaccines 
using the similar egg-based production method to be used 
for Focetria.  Should further capacity be required, Novar-
tisô manufacturing facilities in Liverpool, U.K., site would 
also be turned to pandemic þu vaccine production.  This 
site is currently used to manufacture Novartisô Fluvirin 
vaccine using a slightly different production method, but 
could be converted to Focetria production if needed.
	 On May 2, 2007, the European Union (EU) approved 
Focetria (mock-up application) for use in the 27 member 
states, Iceland, and Norway once the World Health Orga-
nization (WHO) or EU has declared a pandemic. 
Tech . transfer:  In Aug. 2007, Novartis licensed reverse 
genetics technology from MedImmune, as subsidary of 
Asta Zeneca plc.  See the Inþuenza Vaccine Products entry 
(#470) for further information.  Reverse genetics enables 
viruses, such as inþuenza, to be generated from segments 
of DNA. For prospective pandemic inþuenza vaccines, this 
process does not require manufacturers to work directly 
with potentially highly infectious pandemic strains, such 
as H5N1, rather only segments of the virus's genome.
Trials:  The EU approval was based largely on data from 
a clinical study (n = 486; a third > age of 60) in which the 
vaccine given was comprised of adjuvant and different in-
þuenza strains, including inþuenza A virus subtypes H5N1 
and H9N2 (avian inþuenza or ñbird þuò strains). Results 
showed that 21 days after the second injection, the vaccine 
produced immunogenicity in 86% and 85% (minimum re-
quired for approval, 70%) of patients, respectively, who 
had received two doses containing either 7.5 µg or 15 µg 
HA 21 days apart.
Medical: Focetria is given in two doses, at least three weeks 
apart.  As with other injected inþuenza vaccines, it is given 
by injection into the deltoid muscle of the upper arm.
Market:  Although it is not clear how pandemic vaccines 
will be distributed in the U.S., EU or other countries during 
a pandemic, e.g., by the private sector and/or governments, 
the Centers for Disease Control and Prevention (CDC) and 
comparable agencies in other countries (and/or the military, 
depending on how bad the situation gets) will essentially 
control distribution.
Ongoing:  Novartis is also developing cell cultured in-
activated inþuenza H5N1 prepandemic vaccines.  The 
company has developed a proprietary cell line for anti-
gen production that might accelerate vaccine availability, 
compared with traditional methods that use chicken eggs.  
The technology might also enable the development of an-
tigens for a wider range of viral strains that are difýcult 
to grow in eggs.

488	 Influenza Vaccine, H5N1/Sanofi
Influenza Virus Vaccine, H5N1; bird flu vaccine; avian 
influenza vaccine; influenza virus H5N1, inactivated; 
influenza virus A/Indonesia (H5N1, clade 2) vaccine
Status:  approved in U.S.; being added to U.S. and other 
countriesô stockpiles
Organizations involved:

Sanoþ Pasteur Inc. ð Manuf.; R&D; Tech.
Sanoþ Pasteur S.A. ð Parent
Centers for Disease Control & Prevention (CDC) 

ð U.S. mark.
MedImmune, Inc. ð Tech.
AstraZeneca plc - Parent

Description:  Various inþuenza virus H5N1 vaccines from 
Sanoý Pasteur are in development and being stockpiled 
by the U.S. and other governments.   These conventional 
egg-cultured monovalent inþuenza virus H5N1 vaccines 
are similar in many respects to other current seasonal 
vaccines, except containing hemagglutinin (HA) from an 
isolate/strain of inþuenza virus H5N1 (bird þu), currently 
inþuenza virus A/Vietnam/1203/2004 (H5N1, clade 1) 
and/or from inþuenza virus A/Indonesia) (H5N1, clade 2).  
Sanoý Pasteur has essentially received conditional U.S. 
approval for its clade 1 vaccine, allowing for large-scale 
manufacture and distribution if need, e.g., in case of a 
threat from or actual inþuenza H5N1 (bird þu) epidemic 
or pandemic.
	  The currently U.S.-approved Inþuenza Virus Vaccine, 
H5N1, is supplied in 5.0 mL vials each containing ýve 1.0 
mL doses.  Each 1 mL dose is formulated to contain 90 
µg of hemagglutinin (HA) of the inþuenza virus strain A/
Vietnam/1203/2004 (H5N1, clade 1) and not more than 
98.2 µg of thimerosal (~50 µg of mercury/dose) added as 
an antimicrobial preservative.  Each dose may also contain 
residual amounts of formaldehyde (not more than 200 µg), 
polyethylene glycol p-isooctylphenyl ether (Triton X-100; 
not more than 0.05%), and sucrose (not more than 2.0%).  
No antibiotics are used in the manufacture of this vaccine, 
and the presentation is latex-free.  Note, the 90 µg dose is 
greater than that used in seasonal inþuenza vaccines.  The 
vaccine is stored at 2-8ęC (refrigerated).
Nomenclature:  Inþuenza Vaccine, H5N1/Sanoý [BIO]; 
Inþuenza Virus Vaccine, H5N1 [FDA]; bird þu vaccine 
[SY]; avian inþuenza vaccine [SY]; inþuenza virus H5N1, 
inactivated [SY]; inþuenza virus A/Indonesia (H5N1, clade 
2) [SY]; NDC 49281-600-01 [NDC]
Companies:  The U.S.-approved vaccine was developed 
and is manufactured by Sanoý Pasteur Inc. (Swiftwater 
PA), CBER/FDA est. no. 1725.  Sanoý Pasteur is also sig-
niýcantly expanding its large-scale facilities in Val de Re-
uil, France, for pandemic inþuenza vaccine manufacture.  
The company also produces (pre)pandemic vaccines at a 
smaller-scale facilty in Marcy LôEtoile, France. Although 
it is not clear how pandemic vaccines will be distributed, 
e.g., by the private sector and/or governments, the Centers 
for Disease Control and Prevention (CDC) will essentially 
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control U.S. distribution.
  	 See the Inþuenza Vaccine, H5N1 Products entry (#484) 
for information about development and manufacturing 
contracts for H5N1 vaccines awarded various companies, 
including Sanoý Pasteur.  This includes contracts from the 
U.S. Department of Health and Human Services (DHHS) 
for manufacture and stockpiling of millions of doses of bulk 
vaccine, to be formulated and packaged if/when needed.  
	 In Sept. 2004, DHHS granted the company a contract 
to produce 2 million doses of H5N1 bulk vaccine.  These 
were produced, are stored by Sanoý Pasteur, and can be 
formulated and ýlled upon government request (although 
this vaccine is likely losing potency, which is normal for in-
þuenza vaccines which normally are used within a year).
	 In Sept. 2005, DHHS awarded Sanoý Pasteur a con-
tract valued at $100 million to produce a stockpile of now-
approved H5N1 clade 1 bulk concentrate vaccine, with 
manufacture at Swiftwater, PA, facilities.  This was later 
expanded by another $50 million to produce bulk concen-
trate for the Department of Defense (DOD).  The contract 
provides for additional fees to be paid for storage,  formu-
lation, and ýlling of the vaccine upon government request.  
Sanoý Pasteur now has these vaccine stocks in storage.
	 In Feb. 2006, fulýlling an earlier DHHS contract val-
ued at $50 million, Sanoý Pasteur delivered 15,000 doses 
of  H5N1  vaccine of various dosage levels and formula-
tions, including both aluminum hydroxide (alum) adju-
vanted and unadjuvanted vaccines.  NIH is using these in 
clinical trials.  
	 In Feb. 2006, Sanoý Pasteur supplied the Italian Min-
istry of Health with  pre-pandemic H5N1 bulk concentrate 
vaccine.  Under its contract, the company may also provide 
H5N1 vaccine in the event of a pandemic being declared.  
The concentrate was manufactured at company facility in 
Val de Reuil, France. Formulation and ýlling of the vac-
cine can be carried out, at any time, at the request of the 
Italian government.  If formulated at a concentration of 15 
ug of H5N1 antigen per dose, this will provide 185,000 
doses of vaccine.
	 In Nov. 2006, DHHS awarded Sanoý Pasteur a contract 
valued at up to $117.9 million for the production of bulk 
concentrate of a new clade 2 of the H5N1 virus (A/Indo-
nesia)  pre-pandemic vaccine, using wild-type  seed virus 
provided by the Centers for Disease Control and Preven-
tion (CDC).  The ýnal value of the contract will depend 
on the number of doses that can be formulated from the 
bulk material.
	 The French Ministry of Health has awarded Sanoý 
Pasteur a contract to produce a 1.4 million dose stockpile 
of its H5N1 clade 1 vaccine.  The company could also pro-
vide enough vaccine to protect up to 28 million people in 
France in the event of a pandemic being declared.
	 In June 2007, DHHS awarded Sanoý Pasteur a $ 77.4 
million grant to retroýt its existing inþuenza vaccine U.S. 
manufacturing facility.  The company will contribute ~$25 
million to the overall project.  The contract covers costs 
for design, retroýt and the maintenance of the facilities at a 

state of readiness so the company can switch to pandemic 
inþuenza vaccine manufacture if needed.  The retroýt will 
begin when the companyôs new inþuenza vaccine manu-
facturing facility is licensed by the FDA and operational 
(see next paragraph).  Once the new facility is online and 
approved by FDA, the existing facility will  be phased 
out and decommissioned for the retroýt.  The preexisting 
facility has been modiýed over the years to produce ~50 
million doses/year.
	 In July 2007, Sanoý Pasteur reported completion of 
of construction of its new Swiftwater, PA, inþuenza vac-
cine manufacturing facility that is expected to more than 
double its production capacity in the U.S. for both seasonal 
and pandemic inþuenza vaccines.  The new $150-million, 
140,000 sq. ft. plant will more than double the siteôs ca-
pacity to over 100 million doses of inþuenza vaccine/year.  
The facility is projected to come on-line in late 2008 or 
early 2009 following licensing by FDA.  Combining the 
capacities of new facility with the retroýtted facility should 
enable Sanoý Pasteur to triple its inþuenza vaccine capac-
ity in the U.S.  
Manufacture:  Inþuenza virus H5N1, is propagated in 
embryonated chicken eggs.  The virus-containing þuids 
are harvested and inactivated with formaldehyde.  The in-
þuenza virus is concentrated and puriýed in a linear su-
crose density gradient solution using continuous þow cen-
trifugation (density gradient-based separation).  The virus, 
particularly its outer lipid-rich membrane, is then chemi-
cally disrupted using a nonionic surfactant, polyethylene 
glycol p-isooctylphenyl ether (Triton X-100), producing 
a “split virus” vaccine.  The split virus is then further pu-
riýed by chemical means and suspended in sodium phos-
phate-buffered isotonic sodium chloride solution (phos-
phate buffered saline).
FDA class:  Biologics BLA
Approvals:  Date = 20070417; BLA (125244/0)
Indications:  [full text of the ñINDICATIONS AND US-
AGEò section of U.S. product insert/labeling, 4/2007]:
	 Inþuenza Virus Vaccine, H5N1, is an inactivated mon-
ovalent inþuenza virus vaccine, indicated for active im-
munization of persons 18 through 64 years of age at in-
creased risk of exposure to the H5N1 inþuenza virus sub-
type contained in the vaccine.  This indication is based on 
immune response and not on demonstration of decreased 
inþuenza disease after vaccination with Inþuenza Virus 
Vaccine, H5N1. 
Status:  Sanoý Pasteur ýled its BLA, and on Feb. 27, 2007, 
the Vaccine and Related Products Advisory Committee, 
FDA voted 13ï0 with one abstention in favor of approv-
al (i.e., agreed that the data were sufýcient to support the 
vaccineôs effectiveness during a pandemic).  Even though 
levels of antibodies presumed to provide protection against 
pandemic inþuenza infection were induced in only about 
one-half of recipients in its pivotal clinical trial (compared 
to 75-90% efýcacy for conventional seasonal inþuenza 
vaccines; see the Trials section below), the Committee 
con-curred with many public health experts that have this 
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(and other) partially-effective vaccine is much better than 
having none at all.
	 The FDA approval letter noted that the approved “in-
dication is based on immune response and not on demon-
stration of decreased inþuenza disease after vaccination 
with Inþuenza Virus Vaccine, H5N1.ò  In this respect, the 
vaccine received accelerated approval (based on surrogate 
markers of efýcacy).
	 Even though FDA-approved, this vaccine is not avail-
able for purchase.  It has been/will be purchased by the U.S. 
government (CDC, DHHS) for inclusion in the countryôs 
National Stockpile, for distribution by the Department of 
Health and Human Services (DHHS; CDC), in case it is 
ever needed. 
	 As part of its U.S. approval, Sanoý Pasteur agreed to 
submit data to assess safety, reactogenicity and immuno-
genicity of Inþuenza Virus Vaccine, H5N1 administered 
in children.  This includes Study DMID 04-077. ñA ran-
domized, double-blinded, phase I/II, study of the safety, 
reactogenicity, and immunogenicity of intramuscular inac-
tivated inþuenza A/H5N1 vaccine in healthy children aged 
2 years through 9 years.ò The ýnal study report must be 
submitted by Sept. 30, 2008.  Otherwise, pediatric studies 
required under section 2 of the Pediatric Research Equity 
Act (PREA) were deferred.  The company also agreed to 
provide ýnal reports by June 30, 2008 concerning data to 
support immune responses and safety.   This includes Study 
DMID 04-076, ñA randomized double-blinded, placebo-
controlled, phase I/II, dose-ranging study of the safety, re-
actogenicity, and immunogenicity of intramuscular inacti-
vated inþuenza A/H5N1 vaccine in healthy elderly adults;ò 
Study DMID 05-0043: ñRevaccination of healthy subjects 
with intramuscular inactivated subunit inþuenza A/Viet-
nam/1203/2004 (H5N1) vaccine representing a drifted vari-
ant;ò Study DMID 05-0090, ñEvaluation of a booster dose 
of A/Vietnam/1203/04 (H5N1) vaccine administered at 6 
months to healthy adult subjects after a two dose sched-
ule at 0 and 1 month;ò Study DMID 05-0129, ñOpen label 
evaluation of H5N1 vaccine at vaccine manufacturing fa-
cilities;ò and Study DMID 05-0130: ñA single center, open 
label, phase I/II study of the safety and immunogenicity 
of two 90 µg doses of intramuscular inactivated inþuenza 
A/H5N1 vaccine in healthy adult subjects.ò
	 Sanoý Pasteur is currently the only vaccine manufac-
turer involved in the Flupan project funded by the European 
Commission/EU.  The project aims to improve pandemic 
preparedness in the EU by producing and testing experi-
mental vaccines, compiling libraries of reagents and inves-
tigating new cell culture vaccine production techniques.  
Tech. transfer:  In March 2007, Sanoý-Pasteur nonexclu-
sively licensed reverse genetics technology from MedIm-
mune to support the development and construction of new 
vaccine strains to produce human seasonal, pre-pandemic 
and pandemic inþuenza vaccines.  MedImmune, in turn, 
licensed related technologies from other sources.  See the 
Tech. transfer section of the Inþuenza Vaccine Products 
entry for further information about reverse genetics. 

Medical:  Immunization consists of two 1 mL (90 µg) in-
tramuscular injections -- a 1 mL dose given on day 1 fol-
lowed by another 1 mL dose given approximately 28 days 
later (window 21 to 35 days).  Note, this vaccine requires a 
higher dosage (more antigen) and two inoculations, unlike 
adult seasonal vaccine which requires only one.
Trials:  A randomized, placebo-controlled, double-blind, 
multicenter trial was conducted in the U.S. with the now-
approved vaccine.  Healthy adults 18 through 64 years of 
age were carefully screened for the absence of chronic 
illnesses.  A total number of 103 subjects received an in-
tramuscular injection of a vaccine formulation containing 
90 µg hemagglutinin but no preservative (thimerosal), 
followed by another injection of the same dose ~28 days 
later.  Forty-eight subjects received saline placebo.  The 
objectives of the study were to assess safety by collect-
ing solicited and unsolicited adverse events, and to assess 
immunogenicity by measuring neutralizing and hemag-
glutination inhibition (HAI) antibody titers, and by deter-
mining the proportion achieving antibody titers of >1:40 
twenty-eight days after the second dose.  
	 Twenty-eight days after the second injection, 44% of 
patients receiving 90 µg doses achieved  titer of >1:40 and 
43% responded (had both a 4-fold or more increase in an-
tibody titer over baseline, and achievement of a 1:40 titer 
or greater by HAI), compared to just two placebo recipi-
ents with HAI titer of >1:40 and 0% responding.  Although 
over half of those vaccinated with the vaccine, even with 
the higher dose, did not develop protective levels of anti-
body, experience with other inþuenza vaccines suggests 
that less than optimal antibody levels may still have the 
potential to help reduce disease severity, inþuenza-related 
hospitalizations, and deaths.  The vaccine was generally 
well-tolerated, with pain and tenderness at the injection 
site, headache, general ill feeling, and muscle pain being 
the most common complaints.  Four serious adverse events 
(SAEs), all considered unrelated to vaccine, occurred af-
ter vaccination including one death and three other SAEs 
(one each: menorrhagia, cerebrovascular event, and breast 
cancer).  Clinical studies did not include subjects 65 years 
of age and older to determine whether they respond dif-
ferently from younger subjects, and no data are available 
for the pediatric population (ages less than 18 years).  
	 In the May 11, 2006, issue of The Lancet, it was re-
ported that multiple dosage formulations of H5N1 vaccine 
(produced at small scale at facilities in Marcy LôEtoile, 
France; not the U.S. approved vaccine) were well-toler-
ated and generated an immune response, with and without 
adjuvant.  Of the formulations being tested, an alum-adju-
vanted 30 µg dosage generated the most substantive im-
mune response (66.7% HI [haemaggluttination inhibition] 
seroconversion rate after two vaccinations) and was well-
tolerated.  This was the ýrst trial of an H5N1 pre-pandemic 
inþuenza vaccine candidate comparing vaccines with and 
without adjuvants.  The results with the adjuvanted vac-
cine meet the requirements set by the European Agency 
for the Evaluation of Medicinal Products (EMEA), Euro-
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pean Union.
	 In Oct. 2006, Sanoý Pasteur reported that its H5N1 
clade 1 vaccine induces antibodies that neutralize addi-
tional H5N1 circulating virus not included in the original 
formulation.   Vaccinated Phase I trial volunteers devel-
oped serum antibodies  that neutralized diverse H5N1 vi-
ruses [A/turkey/Turkey/1/2005 wt (wild-type) and rg (re-
verse-genetic) clade 2, and A/Vietnam/1194/2004 wt and 
rg clade 1].   Cross-neutralization results were similar in 
those who received higher antigen (30 µg) and those who 
received lower antigen (7.5 µg) doses.  Results were simi-
lar in volunteers who received alum-adjuvanted and non-
adjuvanted vaccine.
Market:  It is unclear how this vaccine will be distrib-
uted, if ever needed.  Options may range from use of 
conventional private sector seasonal inþuenza vaccine-
like clinics and through physicians, clinics, hospitals and 
pharmacies to distribution by government and/or military 
authorities, depending on the status of supplies and the 
epidemic/pandemic and associated social and economic 
disruption, etc. 

489	 Japanese Encephalitis Vaccine/
	 Sanofi 
JE-VAX
Status:  approved; marketed
Organizations Involved:  

Research Foundation for Microbial Diseases ð Manuf.; 
R&D; Tech.; Asia mark.

Sanoþ Pasteur Inc. ð USA mark.
Sanoþ Pasteur Ltd. ð Manuf. other
Sanoþ Pasteur S.A. ð Parent 
Sanoþ Pasteur MSD ð Europe mark.

Cross ref.:  See also Japanese Encephalitis Vaccine/Inter-
cell (#490) and a recombinant vaccine (#224).
Description:  Japanese Encephalitis Virus Vaccine Inac-
tivated or JE-VAX is a lyophilized (freeze-dried) formu-
lation of formaldehyde-inactivated Japanese encephalitis 
virus (Nakayama-NIH strain) cultured in vivo in infected 
mouse brains.  This is currently the only FDA-approved 
Japanese encephalitis virus vaccine.
	 The vaccine is packaged in single dose vials (3 or 10 
per package) along with vials of Sterile Water for Injec-
tion diluent (containing no preservative) for reconstitution 
and subcutaneous injection.  Each 1.0 mL dose contains 
approximately 500 µg of gelatin (bovine source), less than 
100 µg of formaldehyde, less than 0.0007% v/v Polysor-
bate 80 (Tween 80), and less than 50 ng of mouse serum 
protein.  Thimerosal (mercury derivative) is added as a pre-
servative at a ýnal concentration of 0.007%.  No murine 
myelin basic protein (from brain tissue) can be detected 
at the detection threshold of the assay used (< 2 ng/mL).  
Prior to reconstitution, the vaccine is a white caked powder, 
and after reconstitution the vaccine is a colorless transpar-
ent liquid.
	 The potency of Japanese encephalitis vaccine is deter-

mined by immunizing mice with the test vaccine and a ref-
erence vaccine.  Neutralizing antibodies are measured in 
a plaque neutralization assay performed on sera from the 
immunized mice.  The potency of the test vaccine must be 
no less than that of the reference vaccine.
Nomenclature:  Japanese Encephalitis Vaccine/Sanoý 
[BIO]; JE-VAX [TR]; Japanese Encephalitis Virus Vaccine 
Inactivated [FDA]; NDC 49281-680-30; NDC 49281-680-
20 [NDC] 
Biology:  The Nakayama-NIH strain of Japanese enceph-
alitis virus was originally isolated from spinal þuid of a 
human case in 1935 and maintained by continuous mouse 
brain passage.  This strain has been the principal virus 
strain used in mouse brain-derived Japanese encephali-
tis (JE) virus vaccines worldwide.  The strain was chosen 
because of good propagation characteristics, and because 
it provided cross-protection against other JE viral strains 
in mice.  Note, the óNIHô portion of Nakayama-NIH refers 
to the National Institute of Health of Japan, not the U.S. 
National Institutes of Health.
Companies:  JE-VAX was developed and is manufactured 
by the Research Foundation for Microbial Diseases, Osaka 
University (BIKEN; Osaka, Japan), FDA CBER est. no. 
1156.  It is manufactured exclusively for ýnal manufac-
ture by Sanoý Pasteur Ltd. (Toronto, Ontario, Canada), 
the Canadian subsidiary of Sanoý Pasteur S.A.  Aventis 
merged into Sanoý Aventis S.A. in laste 2004.  
	 The vaccine is exclusively marketed in the U.S. by 
Sanoý Pasteur Inc.  It is marketed in Japan, Korea, Taiwan, 
India and other Asian countries by BIKEN.  The vaccine 
is marketed in some European countries by Sanoý Pasteur 
MSD (joint venture of Aventis Pasteur/Sanoý Aventis and 
Merck & Co.).  
Manufacture:  The vaccine is prepared by inoculating 
mice intracerebrally with Japanese encephalitis (JE) virus, 
Nakayama-NIH strain.  Infected brains are harvested and 
homogenized in phosphate buffered saline, pH 8.0.  The 
homogenate is centrifuged and the virus-rich supernatant 
inactivated with formaldehyde, then processed to yield a 
partially puriýed, inactivated virus suspension.  This is 
further puriýed by ultracentrifugation through 40% w/v 
sucrose.  Thimerosal (mercury derivative) is added as a 
preservative to a ýnal concentration of 0.007%.  The sus-
pension is lyophilized in ýnal containers and sealed under 
dry nitrogen atmosphere.  
	 Vaccine potency is tested in mice against a reference 
vaccine, and neutralizing antibodies are measured by plaque 
assay using sera from immunized mice.  Vaccine produc-
tion lots must be at least as potent (protective) as the ref-
erence vaccine.
	 The vaccineôs murine neural tissue culture substrate has 
raised concerns about the possibility of postvaccination-
neurologic side effects.  The manufacturing process puri-
ýes the infected mouse brain suspension extensively and 
myelin basic protein (MBP; a surrogate marker for nerve 
cells) content is controlled below 2 ng/mL, well below the 
dose considered to have an encephalitogenic effect in the 
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