
Antimicrobial Agents The present invention relates to antimicrobial agents
against Gram-negative bacteria, in particular to fusion proteins composed
of an enzyme having the activity of degrading the cell wall of
Gram-negative bacteria and an additional peptide stretch fused to the
enzyme on the N- or C-terminus. Moreover, the present invention relates to
nucleic acid molecules encoding said fusion protein, vectors comprising
said nucleic acid molecules and host cells comprising either said nucleic
acid molecules or said vectors. In addition, the present invention relates
to said fusion protein for use as a medicament, in particular for the
treatment or prevention of Gram-negative bacterial infections, as
diagnostic means or as cosmetic substance. The present invention also
relates to the treatment or prevention of Gram-negative bacterial
contamination of foodstuff, of food processing equipment, of food
processing plants, of surfaces coming into contact with foodstuff, of
medical devices, of surfaces in hospitals and surgeries. Furthermore, the
present invention relates to pharmaceutical or cosmetic compositions
comprising said fusion protein. Gram-negative bacteria possess an outer
membrane, with its characteristic asymmetric bilayer as a hallmark. The
outer membrane bilayer consists of an inner monolayer containing
phospholipids (primarily phosphatidyl ethanolamine) and an outer monolayer
that is mainly composed of a single glycolipid, lipopolysaccharide (LPS).
There is an immense diversity of LPS structures in the bacterial kingdom
and the LPS structure may be modified in response to prevailing
environmental conditions. The stability of the LPS layer and interaction
between different LPS molecules is mainly achieved by the electrostatic
interaction of divalent ions (Mg2+, Ca2+) with the anionic components of
the LPS molecule (phosphate groups in the lipid A and the inner core and
carboxyl groups of KDO). Furthermore, the dense and ordered packing of the
hydrophobic moiety of lipid A, favored by the absence of unsaturated fatty
acids, forms a rigid structure with high viscosity. This makes it less
permeable for lipophilic molecules and confers additional stability to the
outer membrane (OM). Various types of agents having bactericidal or
bacteriostatic activity are known, e.g. antibiotics, endolysins,
antimicrobial peptides and defensins. Increasingly microbialresistance to
antibiotics, however, is creating difficulties in treating more and more
infections caused by bacteria. Particular difficulties arise with
infections caused by Gram-negative bacteria like Pseudomonas aeruginosa and
Enterobacteriaceae. Endolysins are peptidoglycan hydrolases encoded by
bacteriophages (or bacterial viruses). They are synthesized during late
gene expression in the lytic cycle of phage multiplication and mediate the
release of progeny virions from infected cells through degradation of the
bacterial peptidoglycan. They are either b(l,4)-glycosylases (lysozymes),
transglycosylases, amidases or endopeptidases. Antimicrobial application of
endolysins was already suggested in 



1991 by Gasson (GB2243611). Although the killing capacity of endolysins has
been known for a long time, the use of these enzymes as antibacterials was
ignored due to the success and dominance of antibiotics. Only after the
appearance of multiple antibiotic resistant bacteria this simple concept of
combating human pathogens with endolysins received interest. A compelling
need to develop totally new classes of antibacterial agents emerged and
endolysins used as 'enzybiotics' - a hybrid term of 'enzymes' and
'antibiotics' - perfectly met this need. In 2001, Fischetti and coworkers
demonstrated for the first time the therapeutic potential of bacteriophage
Cl endolysin towards group A streptococci (Nelson et al., 2001). Since then
many publications have established endolysins as an attractive and
complementary alternative to control bacterial infections, particularly by
Gram positive bacteria. Subsequently different endolysins against other
Gram positive pathogens such as Streptococcus pneumoniae (Loeffler et al.,
2001), Bacillus anthracis (Schuch et al., 2002), S. agalactiae (Cheng et
al., 2005) and Staphylococcus aureus (Rashel et al, 2007) have proven their
efficacy as enzybiotics. Nowadays, the most important challenge of
endolysin therapy lies in the insensitivity of Gram-negative bacteria
towards the exogenous action of endolysins, since the outer membrane
shields the access of endolysins from the peptidoglycan. This currently
prevents the expansion of the range of effective endolysins to important
Gramnegative pathogens. Antimicrobial peptides (AMPs) represent a wide
range of short, cationic, gene encoded peptide antibiotics that can be
found in virtually every organism. Different AMPs display different
properties, and many peptides in this class are being intensively
researched not only as antibiotics, but also as templates for cell
penetrating peptides. Despite sharing a few common features (e.g.,
cationicity, amphipathicity and short size), AMP sequences varygreatly, and
at least four structural groups (or helical, b-sheet, extended and looped)
have been proposed to accommodate the diversity of the observed AMP
conformations. Likewise, several modes of action as antibiotics have been
proposed, and it was shown e.g. that the primary target of many of these
peptides is the cell membrane whereas for other peptides the primary target
is cytoplasmic invasion and disruption of core metabolic functions. AMPs
may become concentrated enough to exhibit cooperative activity despite the
absence of specific target binding; for example, by forming a pore in the
membrane, as is the case for most AMPs. However, this phenomenon has only
been observed in model phospholipid bilayers, and in some cases, AMP
concentrations in the membrane that were as high as one peptide molecule
per six phospholipid molecules were required for these events to occur.
These concentrations are close to, if not at, full membrane saturation. As
the minimum inhibitory concentration (MIC) for AMPs are typically in the
low micromolar range, scepticism has understandably arisen regarding the
relevance of these thresholds and their importance in vivo 



(MeIo et al., Nature reviews, Microbiology, 2009, 245). Defensins are a
large family of small, cationic, cysteine- and arginine-rich antimicrobial
peptides, found in both vertebrates and invertebrates. Defensins are
divided into five groups according to the spacing pattern of cysteines:
plant, invertebrate, a-, b-, and q-defensins. The latter three are mostly
found in mammals a -defensins are proteins found in neutrophils and
intestinal epithelia. b-defensins are the most widely distributed and are
secreted by leukocytes and epithelial cells of many kinds q-defensins have
been rarely found so far e.g. in leukocytes of rhesus macaques. Defensins
are active against bacteria, fungi and many enveloped and nonenveloped
viruses. However, the concentrations needed for efficient killing of
bacteria are mostly high, i.e. in the m-molar range. Activity of many
peptides may be limited in presence of physiological salt conditions,
divalent cations and serum. Depending on the content of hydrophobic amino
acid residues Defensins also show haemolytic activity. Thus, there is a
need for new antimicrobial agents. This object is solved by the subject
matter defined in the claims. The term "protein" as used herein refers
synonymously to the term "polypeptide". The term "protein" as used herein
refers to a linear polymer of amino acid residues linked by peptidebonds in
a specific sequence. The amino-acid residues of a protein may be modified
by e.g. covalent attachments of various groups such as carbohydrates and
phosphate. Other substances may be more loosely associated with the
polypeptide chains, such as heme or lipid, giving rise to the conjugated
proteins which are also comprised by the term "protein" as used herein. The
various ways in which the polypeptide chains fold have been elucidated, in
particular with regard to the presence of alpha helices and beta-pleated
sheets. The term "protein" as used herein refers to all four classes of
proteins being all-alpha, all-beta, alpha/beta and alpha plus beta.
Moreover, the term "protein" refers to a complex, wherein the complex
refers to a homomer. The term "fusion protein" as used herein refers to an
expression product resulting from the fusion of two nucleic acid sequences.
Such a protein may be produced, e.g., in recombinant DNA expression
systems. Moreover, the term "fusion protein" as used herein refers to a
fusion of a first amino acid sequence as e.g. an enzyme, with a second or
further amino acid sequence. The second or further amino acid sequence may
define a domain or any kind of peptide stretch. Preferably, said second
and/or further amino acid sequence is foreign to and not substantially
homologous with any domain of the first amino acid sequence. The term
"peptide stretch" as used herein refers to any kind of peptide linked to a
protein such as an enzyme. The term "peptide" as used herein refers to
short polypeptides consisting of from about 2 to about 100 amino acid
residues, more preferably from about 4 to about 50 amino acid residues, 



more preferably to about 5 to 30 amino acid residues, wherein the amino
group of one amino acid residue is linked to the carboxyl group of another
amino acid residue by a peptide bond. A peptide may have a specific
function. A peptide can be a naturally occurring peptide or a synthetically
designed and produced peptide. The peptide can be, for example, derived or
removed from a native protein by enzymatic or chemical cleavage, or can be
prepared using conventional peptide synthesis techniques (e.g., solid phase
synthesis) or molecular biology techniques (see Sambrook, J . et al.,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Press, Cold
Spring Harbor, N.Y. (1989)). Examples of naturally occurring peptides are
antimicrobial peptides, defensins, sushi peptides. Examples of
synthetically produced peptides are polycationic, amphiphatic or
hydrophobic peptides. A peptide in the meaning ofthe present invention does
not refer to His-tags, Strep-tags, thioredoxin or maltose binding proteins
(MBP) or the like, which are used to purify or locate proteins. The term
"endolysin" as used herein refers to an enzyme which is suitable to
hydrolyse bacterial cell walls. "Endolysins" comprise of at least one
"enzymatically active domain" (EAD) having at least one of the following
activities: endopeptidase, chitinase, T4 like muraminidase, lambda like
muraminidase, N-acetyl-muramoyl-L-alanine-amidase (amidase),
muramoyl-L-alanine-amidase, muramidase, lytic transglycosylase (C), lytic
transglycosylase (M), N-acetyl-muramidase, N-acetyl-glucosaminidase
(lysozyme) or transglycosylases as e.g. KZ144 and EL188. In addition, the
endolysins may contain also regions which are enzymatically inactive, and
bind to the cell wall of the host bacteria, the so-called CBDs (cell wall
binding domains). The term "EAD" as used herein refers to the enzymatically
active domain of an endolysin. The EAD is responsible for hydrolysing
bacterial peptidoglycans. It exhibits at least one enzymatic activitiy of
an endolysin. The EAD can also be composed of more than one enzymatically
active module. The term "autolysins" refers to enzymes related to
endolysins but encoded by bacteria and involved in e.g. cell division. An
overview of autolysins can be found in "Bacterial peptidoglycan (murein)
hydrolases. Vollmer W, Joris B, Charlier P, Foster S. FEMS Microbiol Rev.
2008 Mar;32(2):259-86". The term "bacteriocin" as used herein refers to
protein-like, polypeptide-like or peptide-like substances which are able to
inhibit the growth of other bacteria. Preferably said inhibition is
specifically by means of absorption of said other bacteria to specific
receptors of the bacteriocin. In general, bacteriocins are produced by
microorganisms. However, the term "bacteriocin" as used herein refers both
to an isolated form by a microorganism or to a synthetically produced form,
and refers also to variants which substantially retain the activities of
their parent bacteriocins, but whose sequences have been altered by
insertion or 



deletion of one or more amino acid residues.The term, "antimicrobial
peptide" (AMP) as used herein refers to any peptide that has microbiocidal
and/or microbiostatic activity. Thus, the term "antimicrobial peptide" as
used herein refers in particular to any peptide having anti-bacterial,
anti-fungal, anti-mycotic, anti parasitic, anti-protozoal, anti-viral,
anti-infectious, anti-infective and/or germicidal, algicidal, amoebicidal,
microbiocidal, bacteriocidal, fungicidal, parasiticidal, protozoacidal,
protozoicidal properties. The term "defensin" as used herein refers to a
peptide present within animals, preferably mammals, more preferably humans,
wherein the defensin plays a role in the innate host defense system as the
destruction of foreign substances such as infectious bacteria and/or
infectious viruses and/or fungi. A defensin is a non-antibody microbicidal
and/or tumoricidal protein, peptide or polypeptide. Examples for
"defensins" are "mammalian defensins," alphadefensins, beta-defensins,
indolicidin and magainins. The term "defensins" as used herein refers both
to an isolated form from animal cells or to a synthetically produced form,
and refers also to variants which substantially retain the cytotoxic
activities of their parent proteins, but whose sequences have been altered
by insertion or deletion of one or more amino acid residues. The term
"sushi peptide" as used herein refers to complement control proteins (CCP)
having short consensus repeats. The sushi module of sushi peptides
functions as a protein-protein interaction domain in many different
proteins. Peptides containing a Sushi domain have been shown to have
antimicrobial activities. As used herein, the term "cationic peptide"
refers to a peptide having positively charged amino acid residues.
Preferably a cationic peptide has a pKa-value of 9.0 or greater. Typically,
at least four of the amino acid residues of the cationic peptide can be
positively charged, for example, lysine or arginine. "Positively charged"
refers to the side chains of the amino acid residues which have a net
positive charge at about physiological conditions. Examples of naturally
occurring cationic peptides which can be recombinantly produced are
defensins, magainins, melittin and cecropins. The term "polycationic
peptide" as used herein refers to a synthetically produced peptide composed
of mostly lysine and/or arginine residues.The term "amphipathic peptide" as
used herein refers to peptides having both hydrophilic and hydrophobic
functional groups. Preferably, the term "amphipathic peptide" as used
herein refers to a peptide having a defined arrangement of hydrophilic and
hydrophobic groups e.g. amphipatic peptides may be e.g. alpha helical,
having predominantly non polar side chains along one side of the helix and
polar residues along the remainder of its surface. The term "hydrophobic
group" as used herein refers to chemical groups such as amino acid side
chains which are substantially water insoluble, but soluble in an oil
phase, with the 



solubility in the oil phase being higher than that in water or in an
aqueous phase. In water, amino acids having a hydrophobic side chain
interact with one another to generate a nonaqueous environment. Examples of
amino acids with hydrophobic side chains are alanine, valine, leucine,
isoleucine, phenylalanine, histidine, tryptophane and tyrosine. The term
"deletion" as used herein refers to the removal of 1, 2, 3, 4, 5 or more
amino acid residues from the respective starting sequence. The term
"insertion" or "addition" as used herein refers to the insertion or
addition of 1, 2, 3, 4, 5 or more amino acid residues to the respective
starting sequence. The term "substitution" as used herein refers to the
exchange of an amino acid residue located at a certain position for a
different one. The present invention relates to new antibacterial agents
against Gram-negative bacteria, in particular to fusion proteins composed
of an enzyme having the activity of degrading the cell wall of
Gram-negative bacteria and a peptide stretch fused to the enzyme on the N-
or Cterminus or at both termini. In one aspect of the present invention the
enzyme having the activity of degrading the cell wall of Gram-negative
bacteria is an endolysin, autolysin or bacteriocin.In another aspect of the
present invention the enzyme according to the present invention may further
comprise regions which are enzymatically inactive, and bind to the cell
wall of the host bacteria, the so-called CBDs (cell wall binding domains).
Preferred fusion proteins according to the present invention are depicted
in SEQ ID NO:36 to 63. The fusion proteins according to SEQ ID NO:36 to 63
may comprise one or more additional amio acid residues on the N-terminus.
Preferably the additional amino acid residue is methionine. Preferably, the
endolysin is encoded by bacteriophages specific for Gram-negative bacteria
such as Gram-negative bacteria of bacterial groups, families, genera or
species comprising strains pathogenic for humans or animals like
Enterobacteriaceae (Escherichia, especially E. coli, Salmonella, Shigella,
Citrobacter, Edwardsiella, Enterobacter, Hafnia, Klebsiella, especially K.
pneumoniae, Morganella, Proteus, Providencia, Serratia, Yersinia),
Pseudomonadaceae (Pseudomonas, especially P. aeruginosa, Burkholderia,
Stenotrophomonas, Shewanella, Sphingomonas, Comamonas), Neisseria,
Moraxella, Vibrio, Aeromonas, Brucella, Francisella, Bordetella,
Legionella, Bartonella, Coxiella, Haemophilus, Pasteurella, Mannheimia,
Actinobacillus, Gardnerella, Spirochaetaceae (Treponema and Borrelia),
Leptospiraceae, Campylobacter, Helicobacter, Spirillum, Streptobacillus,
Bacteroidaceae (Bacteroides, Fusobacterium, Prevotella, Porphyromonas),
Acinetobacter, especially A. baumanii. Preferably, the autolysin is encoded
by Gram-negative bacteria such as Gram-negative 



bacteria of bacterial groups, families, genera or species comprising
strains pathogenic for humans or animals like Enterobacteriaceae
(Escherichia, especially E. coli, Salmonella, Shigella, Citrobacter,
Edwardsiella, Enterobacter, Hafnia, Klebsiella, especially K. pneumoniae,
Morganella, Proteus, Providencia, Serratia, Yersinia), Pseudomonadaceae
(Pseudomonas, especially P. aeruginosa, Burkholderia, Stenotrophomonas,
Shewanella, Sphingomonas, Comamonas), Neisseria, Moraxella, Vibrio,
Aeromonas, Brucella, Francisella, Bordetella, Legionella, Bartonella,
Coxiella, Haemophilus, Pasteurella, Mannheimia, Actinobacillus,
Gardnerella, Spirochaetaceae (Treponema and Borrelia), Leptospiraceae,
Campylobacter, Helicobacter, Spirillum, Streptobacillus,
Bacteroidaceae(Bacteroides, Fusobacterium, Prevotella, Porphyromonas),
Acinetobacter, especially A. baumanii. The bacteriocin is preferably
specific for Gram-negative bacteria as listed above, but may also be less
specific. The enzyme according to the present invention has cell wall
degrading activity against Gramnegative bacteria of bacterial groups,
families, genera or species comprising strains pathogenic for humans or
animals like Enterobacteriaceae (Escherichia, especially E. coli,
Salmonella, Shigella, Citrobacter, Edwardsiella, Enterobacter, Hafnia,
Klebsiella, especially K. pneumoniae, Morganella, Proteus, Providencia,
Serratia, Yersinia), Pseudomonadaceae (Pseudomonas, especially P.
aeruginosa, Burkholderia, Stenotrophomonas, Shewanella, Sphingomonas,
Comamonas), Neisseria, Moraxella, Vibrio, Aeromonas, Brucella, Francisella,
Bordetella, Legionella, Bartonella, Coxiella, Haemophilus, Pasteurella,
Mannheimia, Actinobacillus, Gardnerella, Spirochaetaceae (Treponema and
Borrelia), Leptospiraceae, Campylobacter, Helicobacter, Spirillum,
Streptobacillus, Bacteroidaceae (Bacteroides, Fusobacterium, Prevotella,
Porphyromonas), Acinetobacter, especially A. baumanii. Specific examples of
an endolysin part derived from a phage or that is a wild type endolysin are
depicted in the following table: Table 1:Surface Decontamination of
Prefilled Containers in Secondary Packaging FIELD OF THE INVENTION This
invention relates to a method and system for terminal sterilization of the
outer surface and/or surface decontamination of prefilled containers in
secondary packaging, wherein the prefilled container contains a
pharmaceutical or biological drug product. BACKGROUND Prefilled containers
are a type of medical device that are filled by the 



manufacturer at the time of assembly and provided to the end user,
generally a health care provider or a patient requiring treatment, in a
sterile condition. Prefilled containers offer several advantages over
traditional packaging of therapeutics, including ease of use, reduced risk
of contamination, elimination of dosing errors, increased drug supply and
reduced waste. Of the various types of prefilled containers, prefilled
syringes are the most common and best suited for parenteral administration
of therapeutic products. Various methods of sterilization of medical
devices are known, but not all methods work with syringes, especially
syringes prefilled with a drug or protein solution. Steam sterilization is
commonly employed for sterilizing medical devices, which typically involves
heating the device in a steam autoclave. The heat and pressure generated in
the autoclave, however, can have an adverse effect on the device and, more
importantly, on the integrity of the drug product filled into the device.
Steam sterilization may compromise the aesthetics of the product due to
packaging degradation from high temperature steam treatment. Moreover, the
high temperatures of the process (e.g. 120 C - 132 C) preclude its use with
heat sensitive materials, such as biotech drug products, specifically
protein or other biological solutions. Radiation exposure is also commonly
employed for sterilizing medical devices, in which the product is subjected
to ionizing radiation, such as gamma irradiation. Radiation exposure
results in harmful damage to sensitive solutions, specifically causing
destruction to sensitive biologicals such as proteins, as well as
generation of massive amounts of peroxides in aqueous solutions that in a
secondary reaction furthermay damage the active ingredient. Further,
sterilizing doses of gamma rays cause a brown discoloration of glass parts
of the device, and is prone to damage elastomeric materials like plunger
stoppers. This destruction of the elastomers leads to increased stickiness
of the components thus impairing the functionality of the system. Thus
radiation is not an appropriate means for sterilizing prefilled containers,
such as syringes, containing a biotech drug product. Cold sterilization is
a term collectively used for sterilization methods carried out at
temperatures substantially below those of the steam process; attempts have
been made to use ethylene oxide and hydrogen peroxide vapors as sterilants
for this treatment. Treatment with sterilizing gasses, however, bears the
risk of insufficient removal of the oxidizing gas. Diffusion of gas into
the product container affects the stability of the drug product through
chemical modification by gas vapors, such as alkylation and oxidation.
Prefilled syringes, although filled under aseptic conditions, are not
packed into their secondary packaging in an aseptic environment and are
therefore likely to be 



microbiologically contaminated at their outside. Terminal sterilization of
prefilled containers in secondary packaging is one way to provide the
device to an end user with a low bio-burden and low risk of contaminants,
for safe application of the product by the end user. Moreover there is a
strong market need for terminally antimicrobially-treated medical devices,
such as prefilled syringes used for intravitreal injections. Due to the
sensitive nature of certain drug products, such as proteins, it is not
possible to perform terminal sterilization and surface decontamination of
containers filled with such products using current methods, like steam,
irradiation or cold sterilization. Specifically, high temperatures are
known to denature proteins and gamma radiation has been shown to chemically
modify biological solutions. Radiation techniques, such as sterilization
using gamma or beta radiation causes discoloring of packaging material and
affects the long term stability of therapeutic agents such as protein or
peptide solutions. As discussed above, oxidizing gases, while efficient for
killing bacterial contamination, also harm biological molecules in
sensitive therapeutic solutions. As protein and biological molecules will
be more and more developed for therapeutic use, the need for a terminal
surface sterilization and surfacedecontamination method that is not harmful
to the drug product will continually increase in the near future. Moreover,
as regulatory agencies may require higher levels of sterility assurance,
pharmaceutical and biotech companies will seek alternative procedures to
approach or meet mandated-microbiological purity levels, without
compromising the safety and efficacy of pharmaceutical preparations.
SUMMARY Described herein is a terminal sterilization and surface
decontamination treatment of prefilled containers, specifically for
sterilization of prefilled containers containing sensitive solutions, such
as a drug product or biological therapeutic, within secondary packaging. In
one embodiment, terminal sterilization is achieved by treating prefilled
containers within secondary packaging with controllable vaporized-hydrogen
peroxide (VHP). The principle is the formation a vapor of hydrogen peroxide
in containment and a subsequent removal or inactivation of vapors in a
controlled manner. Prior to removal or inactivation, VHP condenses on all
surfaces, creating a microbicidal film that decontaminates the container
surface. It has been discovered that by varying the parameters of the
antimicrobial treatment, for example - temperature, humidity, treatment
duration, pressure, etc., conditions are generated that prevent the
leaching of VHP into the syringes. As an example, the application of a
vacuum at the end of the treatment will inverse the 



diffusion direction and reduce, if not stop, leaching of hydrogen peroxide
through the rubbers. Further, inclusion of a gas plasma treatment after
completion of the vaporized hydrogen peroxide cycle will further degrade
all potentially remaining hydrogen peroxide residues. Prevention or
reduction of leaching of detrimental concentrations of hydrogen peroxide
into the protein solution in the syringe, either by removal of vapors or
inactivation of vapors, ensures that the long-term stability of the protein
is not compromised. It further has been found that among the commercially
available primary packaging components, there are only very few packaging
material combinations that provide the required tightness of the system
such as to avoid ingress of sterilizing gasses into the pharmaceutical
liquid enclosed by the prefilled container.Further described herein is
terminal sanitization or sterilization and surface decontamination of
prefilled containers within secondary packaging by tunable electron beam
(low-energy beta-ray) irradiation technologies as an alternative to aseptic
inspection and aseptic secondary packaging operations. In one embodiment,
the use of low penetration depth radiation from a low-energy electron beam
generator for a new application to sterilize the surface of secondary
packaged drug product containers avoids aseptic packaging. In another
embodiment, the penetration depth of electron beam radiation is tunable by
adjustment of the accelerator voltage of the irradiation generator.
Generally, the concepts presented herein are applicable to all drug
products having requirements or desirability for absence of viable
organisms of the drug product container surface. The method and system
described herein decontaminate or, more preferably render sterile an
outside surface of primary packaged drug products within a secondary pack,
thereby improving safety of products for critical administration (e.g. use
in a surgical suite or for intravitreal injections). The foregoing summary
provides an exemplary overview of some aspects of the invention. It is not
intended to be extensive, or absolutely require any key/critical elements
of the invention. BRIEF DESCRIPTION OF THE DRAWINGS The detailed
description is explained with reference to the accompanying figures. In the
figures, the left-most digit(s) of a reference number identifies the figure
in which the reference number first appears. Fig. 1 shows an exemplary
prefilled container in secondary packaging that is decontaminated on
surfaces according to the methods detailed herein. Fig. 2 illustrates a
block diagram of an exemplary system for surface decontamination of
prefilled containers using vaporized-hydrogen peroxide. 



Fig. 3 illustrates a block diagram of an exemplary system for surface
decontamination of prefilled containers using tunable-beta radiation.
DETAILED DESCRIPTIONThe method and system described herein are for the
sterilization and surface decontamination of prefilled containers
containing sensitive solutions, such as drug products that are otherwise
temperature or radiation sensitive or are sensitive to traces of oxidizing
substances, and thus not suitable for terminal sterilization by classical
methods involving steam, gamma or beta rays or sterilization with oxidizing
gases or liquids. The method and system described herein are especially
suited for prefilled containers that have been filled under aseptic
conditions and been subject to additional processing, such as product
labeling and subsequent secondary packaging. Methods include terminal
sterilization and surface decontamination by exposing prefilled containers
in secondary packaging to tunable-beta radiation and further include
terminal sterilization and surface decontamination by exposing prefilled
containers to controllable vaporized-hydrogen peroxide, including measures
to reduce or prevent the diffusion of vaporized-hydrogen peroxide into
prefilled containers. The methods also include an optional step of actively
destroying any residual peroxide molecules, for example, by means of gas
plasma. Definitions In describing and claiming the terminal sterilization
and surface decontamination method, the following terminology will be used
in accordance with the definitions set forth below. "Aseptic" conditions
refer to conditions free of bacterial or microbial contamination.
"Administration" refers to the method of administering treatment to a
subject or patient in need thereof, such as parenteral administration,
intravenous administration and intravitreal administration. "Beta
irradiation" refers to sterilization methods using beta rays. "Cold
sterilization" refers to sterilization techniques employing chemical
agents, gases, or irradiation. A requirement of cold sterilization is that
the technique is carried out at temperatures below those used for steam
sterilization, such as autoclavation. "Container", as used herein, is meant
to include vials, syringes, bags, bottles, or other means useful for
storage of medical treatments, such as drug products, whether insolid or
liquid form, and other biological agents, such as peptides, proteins or
recombinant biologicals, whether in solid or liquid form. Containers may be
reusable or disposable, and may have a medical, veterinary or non-medical
purpose. "Prefilled container", refers to a container, such as a syringe,
that is filled with a 



solution at the time of assembly and packaging and is deliverable for use
to an end user, such as a health care professional or a patient needing
treatment. This term also refers to prefilled containers integrated into an
administration device. An "instruction" or "instructional material"
includes a publication, a recording, a diagram, or any other medium of
expression which can be used to communicate the usefulness of the method or
system of the invention for its designated use. The instruction or
instruction material may be presented together as part of the system or
provided separately, or independently of the process, to an end user.
"Isolation", as used herein refers to practices in pharmaceutical
production, filling and packaging, wherein a clean, or sterile environment,
is separated from a non-sterile environment to limit or prevent the
introduction or spread or contamination of infectious agents, such as
microorganisms. "Medical device", as used herein, refers to a device used
for administering medical treatment and whose production or sale must, in
part, comply with requirements, such as safety requirements, set forth by a
government agency, such as the Food and Drug Administration. "Solution" as
used herein refers to the contents of a container like a vial or a
prefilled syringe and includes solutions of biological therapeutics and
drug products, protein products, peptide products, biological products,
imaging solutions and aqueous solutions. Ideally, solutions are those that
are temperature, oxidation or radiation sensitive due to the molecular
make-up of the solution. "Secondary packaging" refers to packaging
enclosing the prefilled container, such as plastic wrapping, foil wrapping,
paper wrapping or other suitable wrapping, such as blister packs.
"Terminal-antimicrobial-surface treatment" refers to sanitization or
sterilization of an assembled container, such as a syringe filled with a
solution that is in turn encased in secondary packaging.
Terminal-antimicrobial treatment, or sterilization, allows asecondarily
packaged prefilled container to be provided in sterile outside condition at
its point of use. "Vaporized-hydrogen peroxide" refers to hydrogen peroxide
in vapor form capable of creating a microbicidal film on a surface, such as
the surface of a container or packaging material. The terms
"sterilization", "decontamination", "sanitization", "antimicrobial
treatment" are used interchangeably herein. "Sterility" as used herein is
meant to refer to complete absence of microbial life as defined by a
probability of nonstehlity or a sterility assurance level (SAL). The 



required SAL for a given product is based on regulatory requirements. For
example, required SALs for health care products are defined to be at least
10~6 , i.e. a chance of less than 1:1 million of a non-sterile product for
aseptically manufactured and terminally sterilized products, respectively.
Reference herein to "one embodiment" or "an embodiment" means that a
particular feature, structure, operation or characteristic described in
connection with the embodiment is included in at least one embodiment of
the invention. Thus, the appearances of such phrases or formulations herein
are not necessarily referring to the same embodiment. Furthermore, various
particular features, structures, operations or characteristics may be
combined in any suitable manner in one or more embodiments. Terminal
sterilization and surface decontamination of prefilled containers Terminal
sterilization is the process of sterilizing and/or decontaminating a final
packaged product. In contrast, an aseptic packaging process requires
individual product components to be sterilized separately and the final
package assembled in a sterile environment. Terminal sterilization of a
product provides greater assurance of sterility than an aseptic process.
Terminal sterilization is also desired and provides a market advantage in
some instances for the use of certain medical devices, such as the use of
secondarily packaged prefilled syringes for intravitreal administration.
Described herein are terminal-sterilization methods suitable for prefilled
containers containing sensitive products, such as biotech (biological) drug
solutions, which can otherwise be compromised when using classical terminal
sterilizationprocesses, such as steam, gamma irradiation or cold
sterilization processes currently used in pharmaceutical production and
assembly lines. While reference is given to drug products, such as heat or
radiation-sensitive drug solutions containing biologicals such as peptides
or proteins, it will be understood by those skilled in the art that any
suitable drug product that is considered a therapeutic agent, whether in
solution or solid form, can be housed - or contained - in a prefilled
container. Thus, the prefilled container itself is not drug specific. It
has now been discovered that treatment of prefilled containers in secondary
packaging by an application of vaporized-hydrogen peroxide, in which vapors
are controllable by certain post-treatment measures, and exposure to
tunable-beta radiation, in which the depth of penetration of beta rays into
secondary packaging are controllable, are ideal for surface decontamination
of prefilled containers, yet not harmful to the stability or integrity of
the contents of the prefilled container. The methods and embodiments
described herein are suitable for use in pharmaceutical production and
packaging in isolation or outside of isolation. 



Furthermore, the methods described herein are adaptable to different
container formats or types, with minimal incremental costs to production
plant design. A system is also provided which allows for surface
decontamination of prefilled containers in secondary packaging, as well as
a kit comprising instructional material for practicing the method and
system described herein. Referring to Fig. 1, a prefilled container 100
previously filled under aseptic conditions is decontaminated on surfaces
102 following encasement or packaging in a secondary package 104 by
vaporized-hydrogen peroxide or tunable-beta radiation as described herein.
Fig. 1 shows one exemplary prefilled container, however, it will be
understood by those skilled in the art that various containers, other than
a syringe, are also suitable. Moreover, while the exemplary container shown
at Fig. 1 is a syringe in a closed and assembled position, it should be
understood that other variants are envisioned. For example, a prefilled
container not sealed by a stopper, plunger or other sealing mechanism can
be surface decontaminated on interior portions of the container.In one
embodiment, the prefilled container is a syringe. Other suitable prefilled
containers include vials, bottles, bags and other medical devices capable
of containing a sterile solution or a solution requiring sterilization. In
one embodiment, the syringe is filled with a drug product, such as in the
form of liquid, solution, powder or solid. In another embodiment the drug
product is a solution such as a drug solution or protein solution that is
otherwise sensitive to exposure to high temperatures, such as those used in
steam sterilization, and ionizing energy, such as gamma or beta rays and
oxidizing gasses. In yet another embodiment the drug product is one that
has been lyophilized, in other words a solid, and requires reconstitution
in liquid or solution prior to use. In another embodiment, a solution is
any drug product having requirements or desirability for sterility of the
drug product container surface. In one particular embodiment, the drug
product is a protein solution, such as ranibizumab (e.g. 6mg/ml or 10
mg/ml) solution for intravitreal injection. In one embodiment, the
container is filled with solution under aseptic conditions, whether by an
automated or manual process. Thus, the contents of the container are
sterile and unaffected by surface decontamination methods as described
herein. The term "filled" is meant to refer to the placement of contents,
such as solution, into the container in an appropriate amount, such as an
appropriate volume or appropriate concentration. The appropriate amount,
volume or concentration will vary depending on the nature of the contents
and their intended use. In one embodiment, the container is considered a
primary packaging for the 



solution contained within. In another embodiment, the prefilled container
is packaged within a secondary package or packaging encasing the prefilled
container. Suitable secondary packaging includes wrappings, such as paper,
plastic or foil, and blister packs impermeable for microbes. In one
embodiment the prefilled container in secondary packaging undergoes
decontamination, such that the contents of the secondary packaging,
specifically the surfaces of the prefilled container, are decontaminated
and terminally sterilized. Thus, prefilled container surfaces enclosed in a
secondary packaging decontaminated by themethods described herein can be
presented to, and opened within, a critical or sterile environment, such as
a surgical suite. In one embodiment, terminal sterilization and surface
decontamination of prefilled containers within secondary packaging is
carried out by treating surfaces of the prefilled container within
secondary packaging with vaporized-hydrogen peroxide and applying
post-treatment measures, within a decontamination chamber. A suitable
decontamination chamber is any chamber, such as an autoclave, that has the
means for reversibly sealing a closed environment and equipped with means
of manipulating pressure, temperature, inflow and outflow of air within the
chamber. Additional elements of a suitable chamber include the means for
accommodating treatment by vaporizedhydrogen peroxide and post-treatment
measures to reduce or prevent vaporizedhydrogen peroxide from entering into
prefilled containers. In another embodiment, the chamber is configured to
accommodate the quantity of containers requiring terminal sterilization.
Thus, in large-scale production and assembly lines, the chamber can be
configured to accommodate a large quantity of containers, accordingly.
Treatment with vaporized-hydrogen peroxide is brought about by the
application or release of hydrogen-peroxide-vapors within the
decontamination chamber. In one embodiment, vapors of hydrogen peroxide are
controllable, in other words, certain posttreatment measures are applied to
manipulate or control the action of vaporizedhydrogen peroxide. In one
embodiment, post-treatment measures are applied that direct - or reverse -
the direction of vapor diffusion, such that vapors are prevented from
entering into the prefilled container. In another embodiment, additionally
post-treatment measures are applied that destroy any residual peroxide
traces. In one embodiment, post-treatment measures include reducing or
eliminating gas radicals formed by action of vaporized-hydrogen peroxide.
In yet another embodiment, post-treatment measures include inactivating
vaporized-hydrogen peroxide action, such as oxidative action. 



In another embodiment, terminal sterilization and surface decontamination
of prefilled containers within secondary packaging is achieved by
application of tunable beta ray irradiation. In one embodiment, the surface
of a prefilled container in secondarypackaging is decontaminated by an
adjustment of accelerator voltage of an irradiation generator to provide
beta radiation of a sufficient dose to penetrate secondary packaging
without penetrating primary packaging. In another embodiment, the
accelerator voltage required to deliver the appropriate amount of beta
radiation to decontaminate the surface of prefilled containers depends on
the thickness of secondary packaging materials. For example, in one
embodiment, suitable packaging materials are less than or equal to 0.05 mm
in thickness. Such materials of less than or equal to 0.05 mm in thickness
may be made of foils. In another embodiment a combination of secondary and
primary packaging components, accelerator voltage, irradiation plant design
and throughput speed allow surface decontamination of a prefilled container
in secondary packaging, while almost completely shielding contents of the
prefilled container by primary packaging materials. In one embodiment, a
suitable primary packaging is a syringe capable of shielding irradiation
sensitive solution contained within. Shielding can be provided by the
thickness of the container walls or the material components of the
container. Shielding effectiveness can be determined by adjustment of the
accelerator voltage and thus the depth of penetration of the beta rays
emitted onto the prefilled container. Furthermore, shielding is determined
by measuring the absorbed dosage, such as with a dosimeter. It is
understood by those in the art that a prefilled container is assembled
under aseptic conditions, such that the contents of the container are
sterile. While contents of the container are sterile, the surface of the
container is susceptible to contamination during further packaging and
product labeling using standard pharmaceutical packaging protocols. For
surface decontamination of prefilled containers, the sterilization methods
herein are adaptable to standard production and packaging of pharmaceutical
products in isolation or outside of isolation. In one embodiment, a
prefilled container previously filled under aseptic conditions and labeled
and packaged into secondary packaging by a manual or automated process is
presented to an electron beam tunnel for terminal sterilization and surface
decontamination of the final packaged product. In one embodiment, the
prefilledcontainer in secondary packaging is introduced, either by a manual
process or automated process, or a combination of the two, into the
electron beam tunnel via an inlet and transported for all or a portion of
time through the e-beam tunnel to an outlet 



as the surfaces of prefilled containers in secondary packaging are exposed
to lowenergy beta radiation. In another embodiment, prefilled containers in
secondary packaging remain stationary for all or a portion of time as the
surfaces of prefilled containers in secondary packaging are exposed to
low-energy beta radiation. In another embodiment, the electron beams are
oscillated, e.g. by application of magnetic fields, such that the whole
surface of the object is scanned by the electron beam. In another
embodiment, the object is passed below the scanning electron beams by means
of a transport mechanism like a moving conveyor. In another embodiment, the
chamber for electron beam treatment is open, but shielded to the
environment by a tortuous path of the objects into and out of the chamber.
Terminal Sterilization of Prefilled Container by Vaporized-hydrogen
peroxide (VHP) In one embodiment, terminal sterilization of prefilled
containers in secondary packaging is carried out by antimicrobial treatment
in a chamber with vaporizedhydrogen peroxide, also referred to as "cold
sterilization". The various steps, or operations, involved in the
sterilization and surface decontamination process can be performed
automatically under the administration of a system manager, such as a
microprocessor. Alternatively, operations can be performed separately in
manual operations. Furthermore, operations can be performed in a
combination of automated and manual processes. In one embodiment prefilled
containers are enclosed in secondary packaging following filling of
containers under aseptic conditions. In another embodiment, prefilled
containers are labeled with any product information, such as product name,
indications; use instructions, etc., prior to encasement of prefilled
containers in secondary packaging. In one embodiment, prefilled containers
in secondary packaging are presented either manually or automatically to,
and secured within, a decontamination chamber.A suitable decontamination
chamber is any chamber, such as an autoclave, equipped with means for
reversibly sealing a closed environment, and equipped with means of
manipulating pressure, temperature, inflow and outflow of air within the
chamber. Additional elements of a suitable chamber include means for
accommodating treatment by VHP and post-treatment measures to reduce or
prevent VHP from entering into prefilled containers. A further element of a
suitable chamber is means to destroy any remaining peroxide traces. In one
embodiment, hydrogen peroxide vapor is introduced into the chamber, either
generated within or released within the chamber for a sufficient time to
decontaminate -or treat - the surface of prefilled containers in secondary
packaging. 



In another embodiment, application of vapohzed-hydrogen peroxide is carried
out at temperatures below those used for steam sterilization. Hydrogen
peroxide in liquid form has long been recognized as a disinfectant. Koubek
U.S. Patent No. 4,512,951 describes a method of sterilization with liquid
hydrogen peroxide which includes vaporizing an aqueous solution of hydrogen
peroxide and passing the resulting hydrogen peroxide-water vapor mixture
into an evacuated sterilization chamber where, upon contact with items to
be sterilized, the vapor condenses to form a layer of liquid hydrogen
peroxide on the items. The items to be sterilized are maintained at a
temperature below the dew point of the hydrogen peroxide-water mixture to
assure condensation, but the overall chamber temperature must be high
enough to prevent condensation of the incoming vapor before it reaches the
items. Following a suitable time for sterilization, the condensate is
revaporized by passing filtered, preferably heated air over the surface of
the items. Sterilization with gaseous hydrogen peroxide is described by
Moore et al. U.S. Patent No. 4,169,123 and Forstrom et al. U.S. Patent No.
4,169,124. The methods described in those two patents involve surrounding
an article to be sterilized with vapor phase hydrogen peroxide and
maintaining contact between the article and the stehlant at temperatures
below 8O0C until sterility is achieved. The lowest temperature disclosed in
either the Moore or Forstrom patents is 2O0C. It has been determined that
with sensitive solutions, such as protein solutions, leaching of
vaporized-hydrogen peroxide into the prefilled container is detrimental to
themolecular integrity of the solutions because hydrogen peroxide vapors
that enter the container cause chemical modifications of the solution, such
as oxidation. It has now been discovered that applying post-treatment, or
post-application, measures reduces or prevents the adverse effects of VHP
on sensitive solutions and preserve the integrity, and thereby therapeutic
efficacy, of otherwise sensitive solutions in prefilled containers.
Post-application measures are ideally those measures that deactivate the
oxidizing action of hydrogen peroxide, whether by removing
vaporizedhydrogen peroxide or rendering hydrogen peroxide vapors into an
inactive state. In one embodiment, leaching of VHP into a prefilled
container is prevented by application of a vacuum at the end of the
antimicrobial treatment in the chamber to inverse the diffusion direction
of hydrogen peroxide vapors. By reversing the direction of vapor flow,
hydrogen peroxide vapors are prevented from entering the prefilled
container, thereby maintaining the integrity of the sensitive solution
within the container while the surface of the container is decontaminated.
In yet another embodiment, hydrogen peroxide vapors are inactivated, such
that 



they are incapable of chemically modifying the solution contained in a
prefilled container. In another embodiment, post-treatment measures include
neutralizing the oxidative ability of hydrogen peroxide vapors. In yet
another embodiment, hydrogen peroxide vapors are inactivated by application
of ultraviolet rays to the container after a sufficient exposure time of
prefilled container to VHP following treatment. Other suitable inactivating
agents, such as chemical agents or gas plasma, can be applied posttreatment
to inactivate VHP following a sufficient exposure time of the surfaces of
prefilled containers to VHP. At the conclusion of the terminal
sterilization process, the prefilled container in secondary packaging may
be removed from the chamber, and is suitable for use by an end user. In one
embodiment, the sterilization process may be performed by an automated
system. For example, referring to FIG. 2, illustrated is a block diagram of
a system 200 for decontaminating a surface of a prefilled container in
secondary packaging. System 200 includes a sealed chamber 202 and a control
unit 204 coupled, directly or indirectly, to the chamber 202.In one
embodiment, the sealed chamber 202 may be any suitable decontamination
chamber. For instance, the chamber 202 may include an autoclave, with the
ability to reversibly seal a closed environment. The chamber 202 may also
be equipped with mechanisms to manipulate pressure, temperature, and inflow
and outflow of air within the chamber 202. Control unit 204 provides
instructions, in the form of signals, to chamber 202 to perform operations
associated with sterilizing a prefilled container 100 (such as shown in
Fig. 1) in a prescribed-automatic manner. Control unit 204 may transmit
signals to chamber 202 to direct chamber 202 (or related parts) to
physically enable a vaporizedhydrogen peroxide to come into contact the
surface of the prefilled container in the secondary packaging. For example,
in one embodiment, the control unit 204 may transmit a signal to a valve
(not shown) associated with a reservoir for passing vapohzed-hydrogen
peroxide into the chamber. The control unit 204 measures a preset
duration-of-time the vaporized-hydrogen peroxide is to remain in contact
with the prefilled-container surface. Upon expiration of the preset
duration-of-time, the control unit 204 transmits a signal to chamber 202
(or a related device) to cause a post-decontamination measure to occur to
reduce the presence of vaporized-hydrogen peroxide in the chamber, thereby
preventing vaporized-hydrogen peroxide from diffusing into the prefilled
container undergoing surface decontamination. 



For example, following surface decontamination, the control unit 204 may
transmit a signal to a vacuum (not shown) to reverse the flow of
hydrogen-peroxide vapors out of the chamber 202 to remove these vapors from
the chamber. Other suitable control mechanisms for controlling
hydrogen-peroxide vapors include mechanisms for introducing neutralizing or
inactivating agents, such as chemical agents, into the chamber 202, which
upon contact with hydrogen-peroxide vapors render the vapors inactive, and
thus harmless to the interior solution of a prefilled container. Reference
is made to treatment times that are sufficient to terminally sterilize the
prefilled container. In one embodiment, a sufficient treatment time or the
duration of the presence of vaporized-hydrogen peroxide within the chamber
to sufficientlydecontaminate the container surface is determined by routine
validation. For example, containers that have been subjected to treatment
by vaporized-hydrogen peroxide are compared to controls and can be checked
for bacterial contamination using standard laboratory protocols, such as
incubation of suspected contaminated object with bacterial growth medium
and then checking for bacterial growth, generally performed by the use of
bioindicators. By plotting treatment time against presence of bacterial
growth, the treatment time to achieve decontamination, thus the absence of
bacterial growth, can easily be determined. Validation techniques apply
whether terminal sterilization is carried out by vaporized-hydrogen
peroxide as described above or carried out by exposure to beta radiation as
described below. In one embodiment, the control unit 204 is automated, and
operates in accordance with code executing on a processor. The
implementation of a control unit will be well within the scope of someone
skilled in the art. For instance, the control unit may be any personal
computer, microprocessor, or other suitable devices, capable of executing
code that is programmed to transmit signals to devices associated with
physically carrying out the sterilization process. It will be appreciated
that the various steps, or operations, involved in the sterilization and
surface decontamination process can be performed automatically under the
administration of a control unit as described above. Alternatively,
operations can be performed separately in manual operations. Furthermore,
operations can be performed in a combination of automated and manual
processes. Terminal Sterilization of Prefilled Containers by Tunable-Beta
Irradiation In one embodiment, terminal sterilization of prefilled
containers in secondary packaging is carried out by a decontamination
treatment in a chamber equipped with one or more electron beam generators
that are tunable to generate an appropriate dose 



of beta radiation onto the surfaces of the prefilled containers. The
various steps, or operations, involved in the sterilization and surface
decontamination process can be performed automatically under the
administration of a system manager, such as a microprocessor.
Alternatively, operations can be performedseparately in manual operations.
Furthermore, operations can be performed in a combination of automated and
manual processes. In one embodiment prefilled containers are enclosed in
secondary packaging following filling of containers under aseptic
conditions. In another embodiment, prefilled containers are labeled with
any product information, such as product name, indications; use
instructions, etc, prior to encasement of prefilled containers in secondary
packaging. In one embodiment, prefilled containers in secondary packaging
are presented either manually or automatically to a decontamination chamber
with an inlet side and an outlet side. In another embodiment the
decontamination chamber is an electron beam tunnel. In yet another
embodiment, prefilled containers are mechanically moved through the tunnel
from the inlet side to the outlet side on a movable mechanism, such as a
conveyor. Thus, prefilled containers move through the chamber as the
surfaces of prefilled containers are exposed to beta irradiation. In
another embodiment, the electron beams are oscillated, e.g. by application
of magnetic fields, such that the whole surface of the object is scanned by
the electron beam. In another embodiment, the object is passed below the
scanning electron beams by means of a transport mechanism like a moving
conveyor. In one embodiment, the surfaces of prefilled containers in
secondary packaging are decontaminated during an exposure time of low
penetration beta radiation of less than one second, ideally in less than
one-half second. Thus, treatment times with tunable-beta radiation as
described herein are significantly less than decontamination using gamma
rays, which require surface treatment times of several hours or longer for
sufficient decontamination and sterilization. In another embodiment, the
electron beam tunnel is configured with an electron beam generator, whereby
the voltage of energy generated is tunable. In yet another embodiment,
prefilled containers in secondary packaging are transported or moved about
in a fashion as to expose all surfaces of the containers to emitted beta
radiation within the tunnel. Primary packaging containers for sterile
pharmaceutical drug products are often up to about 30-fold thicker than the
secondary packaging material. In one embodimentthe thickness of the wall of
the primary packaging material is 20 or more times thicker than the
thickness of the secondary packaging material, thus allowing a resulting
dose 



absorbed by the contents in the prefilled container to less than 0.1 kGy.
It has been discovered that it is possible to find a combination of
packaging components, accelerator voltage, irradiation plant design and
throughput speed that allow a surface decontamination or surface
sterilization of a prefilled container in secondary packaging, while the
contents of the container are essentially shielded by the primary packaging
material. Therefore, beta irradiation does not affect sensitive
biomolecules, such as biotech drug solutions, inside the primary packaging
materials. In one embodiment, beta irradiation of the prefilled container
may be conducted at any dosage useful to provide effective sterilization
without degrading the container or its contents, using any known beta
irradiation apparatus, such as a low voltage generator or particle
accelerator, with the amount of radiation depending on the thickness of the
secondary packaging In one embodiment the minimum sterilizing dose (MSD) of
beta radiation is that required to deliver the required SAL for the
product. In one embodiment sterilizing doses are measured with Gray (Gy) or
Rad (radiation absorbed dose). In another embodiment, absorbed doses are
measured by dosimeter, preferably by film dosimeters, calorimeters or
cerium dosimeters. In another embodiment, the amount of radiation depends
on the presence of secondary packaging and the thickness of the secondary
packaging. For a typical prefilled container, the beta radiation is
desirably provided at a dosage of 25 kGy at the surface of the prefilled
container. In one embodiment, a particle accelerator generates
beta-particle acceleration through a vacuum tube. In one embodiment,
acceleration is by means such as magnetic field, electrostatic charge or by
energy transfer from high frequency electromagnetic waves. At the
conclusion of the terminal sterilization process, the prefilled container
in secondary packaging leaves the tunnel by the outlet with surfaces
decontaminated and is suitable for use by an end user. Because treatment
time for surface decontamination is as short as about one second, surface
decontamination of prefilled containers insecondary packaging offers
numerous advantages over sterilization methods involving gamma radiation,
which are harmful to container contents, require significantly longer
exposure times for decontamination, and require additional shielding along
the production line, and cause discoloration of packaging components,
Moreover, sterilization techniques involving gamma radiation cause
significant bottlenecks in production assembly lines which are eliminated
by surface decontamination using tunable-beta radiation in an e-beam
tunnel. 



In one embodiment, as depicted in Fig. 3, a system 300 - for
surfacedecontaminating a prefilled container in secondary packaging -
includes an electronbeam tunnel 302 equipped with one or more
tunable-electron beam generators, shown as voltage generators 304. In
another embodiment, the one or more tunable-electronbeam generators 304 of
the system are configured to variably generate low-energy beta radiation.
Alternatively, electron beams are oscillated, such that the electron beams
hit a larger surface of a prefilled container and increase the exposure
surface of the container. In yet another embodiment, the one or more
generators 304 apply an accelerator voltage to produce a sufficient amount
of beta radiation to decontaminate the surface of the prefilled container,
wherein the sufficient amount of beta radiation depends on the thickness of
the secondary package and the thickness of the prefilled container. Thus,
beta radiation is allowed to penetrate the secondary package while the
thickness of the prefilled container shields the contents therein from beta
radiation. Reference is made to treatment times that are sufficient to
terminally sterilize and surface decontaminate the prefilled container. In
one embodiment, a sufficient treatment time or the duration of the presence
of low-energy beta radiation within the tunnel to sufficiently
decontaminate the container surface is determined by routine validation.
For example, containers that have been subjected to treatment by beta
radiation are compared to controls and can be checked for bacterial
contamination using standard laboratory protocols, such as incubation of
suspected contaminated object with bacterial growth medium and then
checking for bacterial growth. By plotting treatment time against presence
of bacterial growth, the treatment time to achieve decontamination, thus
the absence of bacterial growth, can easily be determined. Validation
techniquesapply whether terminal sterilization is carried out by beta
radiation as described above or carried out by exposure to VHP as described
above. Reference is now made to the following examples. These examples are
provided for the purpose of illustration only and should in no way be
construed as being limited to these examples but rather should be construed
to encompass any and all variations, which become evident as a result of
the teaching provided herein. Example 1 In the following experiment,
prefilled syringes were treated with a vaporizedhydrogen peroxide
sterilization treatment in a chamber, either by a single pass through a VHP
sterilization procedure or two passes (shown in the table below as 2 x)
through a VHP sterilization procedure. Syringes containing protein
solutions treated by VHP were compared to control syringes treated with VHP
to determine if the integrity of proteins 



present in solution was maintained. A formulation as described in U.S.
Patent No. 7,060,269 was tested for protein degradation following treatment
by VHP. Approximately 10 ml_ of solution was filtered through a 0.22 mm
syringe filter. (Millex GV filter available from Millipore, Billerica, MA
USA.) Filling of 0.5 ml_ syringes was performed in a sterile lab for
hydrogen peroxide treatment. Analysis after the treatment with VHP revealed
the following protein contents, visualized by HPLC analysis: byproducts and
degradation products by HPLC (IEC) and by-products and degradation products
by HPLC (SEC). Table 1: Protein Stability Following Treatment with VHPThe
results seen were within the requirement; there were no differences between
the results of the untreated syringes and with hydrogen-peroxide treated
syringes. Analysis can also be carried out at different time points
following treatment, such as 1 month, 3 months and six months following
treatment by VHP, or over the shelf-life of the product of the prefilled
container. Analysis can be carried out to determine continued stability of
the protein solution, including tests by HPLC for presence of by-products
using standard HPLC laboratory protocols. Analysis can also be carried out
by the presence of physical changes, such as measuring the concentration of
H2O2 in solution by a fluorescence test using an over-the-counter
commercially available kit in conjunction with an apparatus with
fluorescence detection. Example 2 The following experiment was carried out
to determine the effectiveness of surface decontamination using beta
irradiation. A commercially available e-beam tunnel for outside
decontamination of containers, equipped with KeVAC accelerators from Linac
Technologies (Orsay, France), was used to investigate the penetration depth
of the electron beam in different materials. For example, penetration was
measured in a polyethylene bag with foil thickness of 50 mm, an aluminum
bag with foil thickness of 0.1 mm and a glass slide of 1 mm thickness. To
increase sensitivity of the study, multiple passes of the samples through
the tunnel were investigated. Far West 60 Film dosimeters, available from
Far West Technologies (Santa Barbara, CA, USA) were used to record the
radiation absorbed. Table 2 : Beta Irradiation Absorption by Packaging
Materials: Number of passes through decontamination Absorbed dose tunnel
Dosimeter in Dosimeter in Dosimeter shielded byThe feasibility study showed
that already with these not optimized settings of the electron beam
decontamination tunnel a surface sterilization could be obtained (>= 25 



kGy) when the product was packaged into plastic bags. Even after 5 times
passing through the electron beam treatment tunnel, the absorbed dose
within the packaging material (behind a 1 mm thick glass wall) was far
below the limit of quantitation which was 1 kGy for the dosimeters used.
Additionally, the oxidative stress exerted on a 0.5% Polysorbate 20
solution in prefilled glass syringes ( 1mL long, ISO) was investigated by
measurement of peroxides according to standard protocols. The total amount
of peroxides was measured by the Ferrous Oxide Oxidation (FOX) test,
according to a standard protocol. Table 3: Peroxide Levels Following Beta
Irradiation of Prefilled Containers: No significant influence of the
electron beam treatment on the peroxide content of the solution enclosed in
glass syringes could be observed. Thus, beta irradiation proved safe to
solutions within prefilled containers. Additionally, the oxidative stress
exerted on protein solution in prefilled glass vials was investigated by
measurement of degradation products according to standard protocols. A
formulation as described in U.S. Patent No. 7,060,269 was tested for
protein degradation following treatment by electron beam irradiation.
Approximately 0.3 ml_ ofsolution was filtered through a 0.22 mm filter and
aseptically filled into pre-sterilized glass vials, aseptically closed with
a sterile rubber stopper and secured with an aluminum crimp cap. The
containers were passed through the above described e-beam tunnel with
identical settings as for the other experiments mentioned above. Containers
were analyzed after the treatment with electron beam radiation to determine
protein contents, visualized by HPLC analysis for byproducts and
degradation products by HPLC (IEC), as performed above in Example 1. Table
4 : Protein Stability Following Beta Irradiation of Prefilled Containers
There were no differences between the results of the untreated syringes and
with electron beam sterilized vials, following 1 pass, 3 passes or 5 passes
through the ebeam sanitization process, as shown in the results at Table 4
. Thus, tunable-beta radiation as described herein proved safe to solutions
within prefilled containers. The described embodiments are to be considered
in all respects only as exemplary and not restrictive. The scope of the
invention is, therefore, indicated by the subjoined claims rather than by
the foregoing description. All changes which come within the meaning and
range of equivalency of the claims are to be embraced within their
scope.CLAIMS We claim: 1. A method for surface decontamination of a
prefilled container in secondary 



packaging, comprising: applying vaporized-hydrogen peroxide to the surface
of the prefilled container in secondary packaging; allowing
vaporized-hydrogen peroxide to remain in contact with the prefilled
container surface for a sufficient time to decontaminate the prefilled
container surface; and causing a post-decontamination measure to occur to
reduce the presence of vaporized-hydrogen peroxide, thereby preventing
vaporized-hydrogen peroxide from diffusing into the prefilled container. 2.
The method of claim 1, wherein the prefilled container is a syringe
containing a drug product otherwise sensitive to sterilization treatment by
gamma radiation, sterilization treatment by exposure to steam, and
sterilization treatment by exposure to vaporizing agents and gases. 3. The
method of claim 1 or claim 2, wherein the prefilled container is a syringe
containing a therapeutically effective amount of ranibizumab. 4. The method
of any previous claim, wherein sufficient time to decontaminate the surface
of the prefilled container is determined by validation of treatment times
and compared to a control standard. 5. The method of any previous claim,
wherein the post-decontamination measure includes applying a vacuum
following the duration of treatment with vaporizedhydrogen peroxide,
thereby reversing the direction of diffusion of vaporizedhydrogen peroxide
and preventing intrusion of vaporized-hydrogen peroxide into the prefilled
container.6. The method of any of claims 1-4, wherein the
post-decontamination measure includes applying ultraviolet rays following
the duration of treatment with vaporized-hydrogen peroxide, thereby
inactivating oxidative action of hydrogen peroxide vapors. 7. The method of
any of claims 1-4, wherein the post-decontamination measure includes gas
plasma treatment. 8. A method for surface decontamination of a prefilled
container in secondary packaging, comprising: presenting a prefilled
container in a secondary package to an electron beam tunnel equipped with
one or more tunable electron beam generators capable of variably generating
low-energy beta radiation, and capable of oscillating electron beams such
that a larger surface of the prefilled container is exposed to beta
radiation during decontamination; and 



applying an accelerator voltage of the one or more tunable electron beam
generators to produce a sufficient amount of beta radiation to
decontaminate the surface of the prefilled container, wherein the
sufficient amount of beta radiation depends on the thickness of the
secondary package and the thickness of the prefilled container, such that
beta radiation is allowed to penetrate the secondary package while the
thickness of the prefilled container shields the contents therein from beta
radiation. 9. The method of claim 8, wherein the thickness of the wall of
the primary packaging material is 20 or more times thicker than the
thickness of the secondary packaging material, thus reducing the dose
absorbed by the product in the container to less than 0.1 kGy. 10. The
method of claim 8 or claim 9, wherein the prefilled container is a vial
filled with a solution or solid otherwise sensitive to sterilization
treatment by gammaradiation, sterilization treatment by exposure to steam,
and sterilization treatment by exposure to vaporizing agents, gases or
peroxide forming substances. 11.The method of any one of claims 8-10,
wherein the prefilled container is a syringe filled with a solution
otherwise sensitive to sterilization treatment by gamma radiation,
sterilization treatment by exposure to steam, and sterilization treatment
by exposure to vaporizing agents and gases or peroxide forming substances.
12. The method of any one of claims 8-1 1, wherein the prefilled container
is a syringe containing a therapeutically effective amount of ranibizumab.
13. The method of any one of claims 8-12, wherein the penetration depth is
measured by dosimetry. 14. The method of any one of claims 8-1 3, wherein
sufficient energy to decontaminate a surface of a prefilled container is
that which provides a dose of beta radiation of at least approximately 25
kGy to the container surface. 15. The method of any one of claims 8-14,
wherein sufficient energy to decontaminate a surface of a prefilled
container is that which provides a dose of beta radiation yielding a 10~6
Sterility Assurance Level of the outside of the container surface. 16. A
system for decontaminating a surface of a prefilled container in secondary
packaging, the system comprising: a sealed chamber; and a control unit
coupled to the chamber, the control unit configured to automatically (i)
enable a vapohzed-hydrogen peroxide to contact the surface of 



the prefilled container in the secondary packaging; (ii) allow the
vaporizedhydrogen peroxide to remain in contact with the
prefilled-container surface for apredetermined time; and (iii) cause a
post-decontamination measure to occur to reduce the presence of
vaporized-hydrogen peroxide in the chamber, thereby preventing
vaporized-hydrogen peroxide from diffusing into the prefilled container.
17. A system for surface-decontaminating a prefilled container in secondary
packaging, the system comprising: an electron-beam tunnel equipped with one
or more tunable-electron beam generators, the tunable-electron-beam
generators, configured to (i) variably generate low-energy beta radiation,
(ii) oscillate the electron beams such that a larger surface of a prefilled
container is exposed to electron beams; and (iii) apply an accelerator
voltage to produce a sufficient amount of beta radiation to decontaminate
the surface of the prefilled container, wherein the sufficient amount of
beta radiation depends on the thickness of the secondary package and the
thickness of the prefilled container, such that beta radiation is allowed
to penetrate the secondary package while the thickness of the prefilled
container shields the contents therein from beta radiation. 18. A kit for
decontaminating the surface of a prefilled container in secondary packaging
in a sealed chamber, the kit comprising: an instruction for using the
sealed chamber to (i) apply a vaporized-hydrogen peroxide to contact the
surface of the prefilled container in the secondary packaging; (ii) allow
the vaporizedhydrogen peroxide to remain in contact with the
prefilled-container surface for a predetermined time within the sealed
chamber; and (iii) cause a postdecontamination measure to occur to reduce
the presence of vaporizedhydrogen peroxide in the chamber, thereby
preventing vaporized-hydrogen peroxide from diffusing into the prefilled
container. 19. A kit for surface-decontaminating a prefilled container in
secondary packaging, the kit comprising: an instruction for (i) variably
generating low-energy beta radiation to contact the surface of the
prefilled container; and (ii) produce asufficient amount of beta radiation
to decontaminate the surface of the prefilled container, wherein the
sufficient amount of beta radiation depends on the thickness of the
secondary package and the thickness of the prefilled container such that
beta radiation is allowed to penetrate the secondary package while the
thickness of the prefilled container shields the contents therein from beta
radiation. 20. A system according to claim 16 or a kit according to claim
18, wherein postdecontamination measure includes gas plasma treatment. 


