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Packaging: Protecting Your Contents

Biologic products such as vaccines and 
active pharmaceutical ingredients (APIs) 
are sensitive to potential contamination 
at multiple stages of the manufacturing 
process. Therefore, ensuring that the 
packaging or container conforms to 
the highest industry standards is of the 
utmost importance. 
To preserve product integrity, safety and 
efficacy from manufacture to market, you 
need to be aware of the risks of critical 
product contamination and to know how 
best to mitigate those risks. These can 
include restricted container availability, 
the possibility of a container leaking or 
shattering, or product interactions with 
extractables and leachables (E&Ls) – all 
of which can lead to delays in regulatory 
approval, with associated costs to both 
time and resources. However, the first 
and most fundamental risk to evaluate is 
the levels of container cleanliness.

The Importance of Validation
Before exploring the details around the 
various cleanliness parameters, you 
should know the differences between 

product and process validation, along 
with the varying degrees of effort 
required to achieve these. The first form 
of validation is process validation. Data 
from the process provide assurances 
that the equipment used in the process 
(e.g., irradiating or autoclaving) pass 
installation qualification (IQ), operational 
qualification (OQ) and performance 
qualification (PQ). This validation 
provides documented evidence in the 
form of a certificate of process and 
a high degree of confidence that the 
manufacturing process will consistently 
yield a product of predetermined quality. 
Relying on this form of validation ─ 
which certifies the equipment used in the 
process only ─ is the fastest method and 
associated with the lowest cost, although 
it also carries the highest level of relative 
risk.

The second principal form of validation 
is product validation. Unlike process 
validation, product validation puts the 
finished product (i.e., the container) 
through quantitative (and, in some cases, 

qualitative) biological, chemical and 
physical validation protocols to ensure 
that it consistently meets a certain 
parameter (e.g., sterility assurance level 
of 10-6). This type of validation can 
require multiple production lots, statistical 
sampling, and real-time shelf-life 
analysis, depending upon the user’s 
particular requirements. Following a full 
validation, the product is typically exempt 
from subsequent release testing for that 
particular parameter unless changes are 
made. However, release testing can be 
done, if requested, to provide additional 
confidence in product claims, such as in 
the case of endotoxins where it is difficult 
to challenge the system as indicated 
above. Product validation results in a 
certificate of analysis, certifying the final 
product itself. While this validation offers 
the lowest relative risk, it also carries both 
the longest time to execute and the 
steepest financial costs.

Ultimately, the validation options are 
up to the user and the intended application 
should be considered. For example, a 
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container used for waste storage would have less risk than one 
used for the final bulk drug product. A middle ground where a 
partial product validation is executed could make use of smaller 
sampling sets or only look at the accelerated shelf-life analysis; 
it could also include release testing for extra security. There 
are numerous options available within the existing validation 
system to accommodate individual needs.

What Do We Mean By “Clean”?
It can be easy to presume that because a container is designated 
as cleanroom-produced or gamma irradiated, that it likely meets 
the required levels of cleanliness. However, there is an inherent 
degree of ambiguity in these terms that needs to be dispelled 
at the earliest possible stages of manufacturing. While the main 
drivers behind selecting a particular container are often simply 
low levels of particulates or pyrogens, there are additional 
aspects that require clarification. For example, does irradiating 
or autoclaving mean that a product is sterile? What does steam 
or gamma sterilisation achieve? Are the terms referring to 
the validation of a process, such as with certain equipment, 
or to the product itself, where quantifiable claims are proven 
to be repeatable and reliable? Often there can be more than 
one answer to these queries, and thus defining these terms is 
important for maintaining critical environment conditions.

Cleanroom-produced
Cleanroom-produced is a frequently requested parameter of 
many containers and is included in the regulatory requirements 
for a variety of vaccines and biologics. While this process 
provides a great deal of security and familiarity with the 
controls and techniques likely employed, it does not provide 
any quantitative indication of the levels of sterility, particulates, 
or endotoxins in the container that is being produced. Simply 
claiming that a bottle is cleanroom-produced does not guarantee 
that these parameters have been achieved. 

Irradiated or Autoclaved
Irradiation typically takes the form of gamma or E-beam, while 
steam is used for autoclaving. Performing these processes is often 
misinterpreted as meaning a container is sterile. However, these 
terms only confirm that the process of irradiation or autoclaving 
has occurred and are not an indication of the sterility assurance 
levels (SAL) of the container. For this reason, it is important to 
investigate these terms when selecting containers specifically 
requiring sterility claims. 

Sterility
Unlike the previous examples, a claim of sterility is a product 
claim rather than a process claim, meaning that it is directly 
related to the container itself. Sterility is one of the most common 
claims seen on product containers, and understanding the 
different levels is important for minimising the risk of product 
contamination. The SALs are used to define the probability of 
microorganisms remaining after the sterilisation process, and 
the SAL level required needs to match the demands of the 
application:

• SAL 10-6  indicates that one part per million could be non-
sterile, and thus contamination is a relatively low statistical 
probability.

• SAL 10-3 indicates that one part per thousand could be 
non-sterile, which poses a much greater risk of critical 
contamination.
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Sterility is typically achieved through 
irradiation or autoclaving. Claiming a 
product to be sterile requires that the 
container in its final packaging must be 
assessed for the claim of sterility using 
statistically sound and proven methods.

Low Particulate
“Particulate-free” is a commonly 
misused term. Particulates can never be 
eliminated, and there are no “particulate-
free” containers. As such, reduction 
of particulates is necessary at every 
stage of the manufacturing process, 
and particulate limits are a requirement 
of the United States Pharmacopeia 
(USP) and European Pharmacopoeia 
(EP) guidelines for injectables. All 
containers involved during the various 
stages of manufacturing can contribute 
to the overall particle load in the final 
container. This product claim becomes 
increasingly important downstream in 
the manufacturing process. Suppliers left 
with no other alternative will typically 
conform to USP<788> guidelines for 
low-particulate claims, even though this 
guideline applies to the final injectable 
product.  

It is important to remember that a 

claim of low particulate only refers to 
loose particulates and does not consider 
embedded particulates that can be 
in the form of foreign contamination 
or the form of charred resin inherent 
to the moulding process. Embedded 
particulates simply cannot be removed, 
and are instead controlled or mitigated 
through manufacturing experience and 
preventative maintenance. The best way 
to ensure that plastic containers are of the 
highest quality is to ensure that the resins 
used in their production are USP Class 
VI and <661> tested and compliant, 
and that the supplier has inspection 
procedures in place to help limit impacted 
products leaving the factory.

Low Pyrogen
Pyrogens, or endotoxins, come from 
bacteria. A low pyrogen claim is another 
example of a product claim rather than a 
process claim. As with particulates, it is not 
possible to make claims that containers 
are pyrogen-free. Low pyrogen claims 
are assessed by USP<85> bacterial 
endotoxin tests. 
Pyrogens tend to be very difficult to 
remove from containers and as such, 
a “system challenge” –intentionally 
contaminating a container with an 

endotoxin in order to show that it can 
be removed – is not typically performed. 
Processes such as washing and 
cleanroom production can help to create 
a container that can be validated for low 
pyrogen levels. Statistically testing the 
“starting levels,” or baseline of pyrogens, 
and demonstrating that the progression 
through validated processes (handling, 
washing, irradiation, etc.) do not 
contribute additional levels of pyrogens 
are currently the best ways to validate that 
a product can reliably meet an endotoxin 
claim. This is a good example of product 
and process claims overlapping. 

Extractables and Leachables (E&Ls)
Extractables are chemical species that 
migrate from packaging or container 
materials into the contents when 
exposed to different solvents under 
exaggerated temperature and time 
conditions. Leachables, on the other 
hand, are chemical species that make 
their way into the product from the 
container under normal application 
conditions. E&Ls are an important factor 
to consider as they have the potential 
to interact with a product at multiple 
stages of development and production, 
which could affect efficacy, safety, and 
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quality. There is an overlap between the 
two, such that the leachables seen are a 
subset of the extractables, but some of the 
extractables may not have been seen in 
the leachables studies. While some user 
groups have developed guidelines and 
recommendations, there are no required 
testing protocols for E&Ls. However, 
groups such as the BioPhorum Operations 
Group (BPOG) have worked hard to 
develop a standardised extractables 
testing protocol for single-use systems 
(SUS) in biomanufacturing. This protocol 
will help users to make informed choices 
when comparing SUS components from 
different suppliers.

Based on the problems E&Ls can 
cause, their presence must be evaluated 
in those components that come into 
contact with the product during 
formulation, intermediate storage, and 
final packaging. This analysis enables a 
greater understanding of how to manage 
E&Ls during development for container 
closure systems (CCS) and packaging 
materials.

E&L studies set out to identify several key 
aspects:
• Semi-volatile organic compounds

• Non-volatile organic compounds
• Volatile organic compounds
• Metals

Tests for extractables are performed 
at high temperatures with a range of 
chemicals to ensure that as many extracts 
as possible are documented under a 
simulated “worst-case scenario.” These 
tests are not meant to help choose 
which container is the most suitable for 
the application at hand, but rather to 
ensure that an unsuitable container is not 
selected. They function as screening tests, 
guiding users to the next step. 

Once a container has been found 
not to be a potential immediate threat 
to the efficacy or safety of the product 
following initial extractables testing, 
leachables testing will be required. This 
testing is performed under real-use 
conditions of temperature and time, with 
the actual product that will be stored in 
the container. As a result, an accurate 
representation of the leachables that 
could migrate from the container into the 
product is provided.

It is worth noting that while most 
leachables form part of the extractables 
profile, this is not always the case. 
Since the chemical composition of the 
product stored in the container may not 
be covered by the water, acid, base and 
alcohol extractions that were performed 
as part of the extractables study, new 
chemicals may be found within the 
leachables profile.

The Ins and Outs of Container Shelf-life
Once the packaging or container is 
ready to bring to market, it is essential 
that all claims remain uncompromised 
for a defined period: shelf-life specifies 
the time the claims will remain in effect. 
Shelf-life studies for containers can 
include both accelerated aging, which is 
required to enable products to be placed 
into the market in a timely manner, and 
real-time aging, which can be ongoing 
after the product is already being sold. 
Shelf-life testing should confirm that the 
product claims are still capable of being 
met at the end of a stated shelf-life. 

Sterility is most often the focus of 
shelf-life testing. Manufacturers need to 
be sure that once a container has been 
sterilised, this “sterile barrier” remains 
in place throughout the length of the 
shelf-life. In the majority of cases, not 
all packaging layers are tested for the 

integrity of this sterile barrier as this would 
involve testing each layer, including the 
inside and outside of the container, the 
innermost package, a carton liner (if 
used), and any layers of packaging in 
between. The likelihood of introducing 
contamination with this extensive testing 
is high risk. Therefore, the sterile barrier 
is usually limited to just the fluid path and 
the closure which are simple to test and 
have the least potential for false positives 
from contamination introduced through 
the testing process itself. As a result, it is 
usually prudent to assume that additional 
layers of packing are in fact not a 
validated sterile barrier, and should be 
sprayed down prior to entry into critical 
environments such as cleanrooms. 

Focusing on the Process, Not the 
Container
Clearly, there are many critical factors to 
consider when selecting a container or 
packaging that will preserve the integrity, 
safety and efficacy of a valuable product. 
First, manufacturers should have an 
understanding of the terminology and 
processes involved in achieving various 
parameters of cleanliness, and whether 
these are process or product validated. 
Next, they must ensure that E&L studies 
are available where needed and that 
custom studies can be performed if 
required. Lastly, they have to be aware 
of the range of plastic alternatives that 
offer numerous benefits over glass 
counterparts.

In summary, many manufacturers opt 
to use an experienced external supplier 
capable of providing the relevant 
knowledge in package and container 
selection, allowing them to focus on the 
important process at hand, rather than 
the specifics of the container.
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