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he expanding complexity of

biopharmaceutical manufacturing puts

increasing pressure on single-use systems to

meet the demands of the modern industry’s
global footprint. Individual sites within a given
organization often are specialized to a fixed
number of “modular” process steps (1). Such
product segregation increases plant efficiency and
output while making the best of staff
competencies. But it also can create an additional
need for transportation of intermediate or bulk
drug substance (BDS) over long distances.

Freezing generally is used to lengthen the shelf
life of such materials for global shipping and to
ensure their stability and security during transport
(2,3). But it places an additional burden on single-
use systems (requiring them to withstand exposure
to subzero temperatures) and on drug
manufacturers (who must prove the suitability of
such systems for use with their processes, storage
conditions, and handling procedures). Plastics
become brittle at lower temperatures, making
physical handling an important consideration in
single-use system design for applications that
involve freezing.

Biopharmaceutical companies such as Pfizer
use process-step-segregation and further improve
their plant efficiencies by incorporating single-use
platform technologies to harmonize the
manufacturing and dispensing of regularly
produced BDS and intermediates (4). Platform
technologies play a critical role because of their
extensive application. Recognizing that, Pfizer
continuously improves the robustness of its
platforms by identifying potential supply chain
risks and building redundancies to address those.

A recent platform analysis confirmed that both
the single-use system and container film for storage
and shipping of BDS and process intermediates are
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dual sourced. However, the analysis also revealed
that both suppliers’ products contain a single
container—closure and disconnection system for
these containers. Although heat sealing of
thermoplastic tubing is a sound practice, in this case
the team viewed it as a potential risk because it was
the sole connection mechanism used across the
platform’s design. In an effort to improve process
flexibility and robustness, the team concluded that
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Table 1: Sampling description for the bag-integrity system; BCT = bacterial challenge testing

Test Description

Number of Bags Tested

Acceptance Criteria

BCT on bag chamber and disconnected
tubing by liquid-immersion method for
50-mL bag capacity

BCT on bag chamber and disconnected
tubing by liquid-immersion method for
500-mL bag capacity

BCT on bag chamber and disconnected
tubing by liquid-immersion method for
5-L bag capacity

Not more than 12 units (tested samples, half Clipster-
connected, half heat sealed)

Three units (growth promotion test)

Not more than five units (tested samples, almost half
Clipster-connected, almost half heat sealed)

Three units (growth promotion test)

Not more than 54 units (tested samples, almost half
Clipster-connected, almost half heat sealed)

Four units (sample positive controls, two Clipster-

No growth

Growth
No growth

Growth
No growth

Growth

connected, two heat sealed)

Two units (sample negative controls, one Clipster-

No growth

connected, one heat sealed)

Six units (growth promotion test?, three Clipster-

Growth

connected, three heat sealed®)

2Performed on three tested samples showing no growth after BCT

b Six units used for growth promotion test (three Clipster-connected,

three heat sealed) instead of the three units scheduled in the SD 140251 protocol

a second container closure and disconnection
technology was needed.

We assessed a number of commercially
available disconnection technologies. Pall
Kleenpak aseptic disconnectors were not chosen
because each assembly would require 15 fittings
per manifold, which was price prohibitive for this
process. Metal crimp collars were eliminated as an
option because they have to be added at the time
of manifold manufacture. Thus they could not be
used on existing manifold stock and would require
an engineering redesign of the assemblies.

Heat sealing was the incumbent disconnection
technology. But we wanted an alternative that
could provide redundancy to the manufacturing
process while addressing several concerns over the
current methodology. Alternatives were considered
if they could eliminate subjectivity from
disconnection results (e.g., What does a “good
seal” look like?) and offer the ability to use both
thermoplastic elastomer (TPE) and silicone
tubing.

However, the target temperature required for
cold storage and shipping of Pfizer’s vaccine
product fell outside the vendor’s product
specification for Clipster connectors (5). So we
performed a study to prove their suitability under
the conditions of this intended use.

PURPOSE AND SCOPE OF THE STUDY

Our purpose was to compare the stability of heat-
sealed thermoplastic tubing and of Clipster
products as a container-closure for two comparable
single-use dispensing manifold assemblies during
—50 = 10 °C freezing, shipping, and room-
temperature thawing of a vaccine BDS.
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We wanted an alternative to
heat sealing that could provide

REDUNDANCY to the

manufacturing process while
addressing concerns over
subjectivity and allowing for use
of both TPE and silicone tubing.

Manifolds of identical design were assembled
by Sartorius Stedim Biotech SA (SSB) and
Thermo Fisher Scientific (TFS) as follows:

* 50-mL, 500-mL, and 5-L Flexboy single-use
containers, thermoplastic tubing, fittings, and
connectors from SSB according to Figure 1

* 50-mL, 500-mL, and 5-L single-use BPC
bioprocess containers from TFS with
thermoplastic tubing, fittings, and connectors
according to Figure 1.

Test assemblies from both manufacturers were
filled with trypticase soy broth (T'SB) by Pfizer
manufacturing personnel according to current
standard operating procedures (SOPs). TSB
medium was chosen as an acceptable surrogate for
process solutions in this study because of its
microbial growth-promoting properties, which are
necessary for container-closure integrity testing.

Half of the container filling lines on each
manifold were closed by heat sealing; the
remaining lines were closed mechanically using a
Clipster connector based on the manufacturer’s
recommended instructions. Table 1 describes the
resulting test items produced from each test
16(01-2)i
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manifold along with the number of samples and
specifications for passing each test.

BACTERIAL CHALLENGE TESTING

After dispensing, biocontainers were sealed and
disconnected from the manifolds. Then each
individual container was packaged in overwrap
and sealed in overcartons. Thus protected, the
containers were subjected to two freeze—thaw
cycles, with storage at =50 + 10 “C until frozen
and thawed at room temperature. Thawed
samples were frozen a third time before being
shipped under temperature-controlled conditions
to an independent laboratory (Nelson
Laboratories LLC in Salt Lake City, UT) for the
balance of testing.

Upon arrival at the laboratory, the samples were
allowed to thaw at room temperature and then
inspected for system integrity based on the absence
of leaks. All samples (with both container-closure

Table 2: Summary of results for test samples and positive and
negative controls using Sartorius Stedim Biotech assemblies;
CFU = colony-forming unit

types) then were incubated at 30 + 2 °C for three
days. Afterward, laboratory technicians inspected
them for turbidity to ensure that they were not
contaminated before performing microbial ingress
experiments.

Both macroscopic and microscopic morphology
of samples from each batch of challenge organism
were consistent with Brevundimonas diminuta
(ATCC #19146). The sterile closure-integrity vessel
was filled with B. diminuta, and the challenge
solution was plated to determine microorganism
titers both before and after contact with the bags.

Samples were immersed in the challenge
solution and held below its surface. Approximately
20 L of solution was used for the 50-mL and
500-mL bag capacities, about 30 L for the 5-L
heat-sealed bags, and about 29 L for the 5-L
Clipster-sealed bags. The integrity vessel was
closed, and samples were immersed in the
challenge solution for no less than 30 minutes.

Table 3: Summary of results for test samples and positive and
negative controls using Thermo Fisher Scientific assemblies;
CFU = colony-forming unit

Bag Acceptance Bag Acceptance
Description Sample Type Criteria Results Description Sample Type Criteria Results
50-mL Six heat-sealed  No growth  No growth 50-mLbag Six heat-sealed  No growth No growth
Flexboy bag samples (Vendor2)  samples
Six Clipster No growth  No growth Six Clipster No growth  No growth
samples samples
Three growth- Growth Growth Three growth- Growth Growth
promotion tests* promotion tests*
500-mL Two heat-sealed No growth  No growth 500-mL bag Two heat-sealed No growth No growth
Flexboy bag samples (Vendor 2)  samples
Three Clipster No growth  No growth Three Clipster No growth ~ No growth
samples samples
Three growth- Growth Growth Three growth- Growth Growth
promotion tests* promotion tests*
5-L Flexboy 26 test samples  No growth No growth 5-L bag 26 test samples  No growth  No growth
bag (heat 1 positive Growth Growth (Vendor2), 10 positive Growth Growth
sealed) controls heat sealed  ,nt1ols
One negative No growth  No growth One negative No growth  No growth
control control
Three growth- Growth Growth Three growth- Growth Growth
promotion tests* promotion tests*
5-L Flexboy 28 test samples Nogrowth No growth 5-L bag, 27 test samples  No growth  No growth
bag Two positive Growth Growth (Vendor2), 16 positive Growth Growth
(Clipster controls Clipster controls
connected) . connected .
One negative No growth  No growth One negative No growth  No growth
control control
Three growth- Growth Growth Three growth- Growth Growth

promotion tests*

*Growth-Promotion Test: Following the final incubation, three
samples showing no microbial growth were inoculated with
10-100 CFU each of the challenge organism to verify growth-
promotion properties of the postincubation medium. These
samples were incubated at 30 + 2 °C.
16(1-2)i
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promotion tests*

*Growth-Promotion Test: Following the final incubation, three
samples showing no microbial growth were inoculated with
10-100 CFU each of the challenge organism to verify growth-
promotion properties of the postincubation medium. These
samples were incubated at 30 + 2 °C.
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Table 4: Average number of colonies used for each challenge
solution (Sartorius-Stedim Biotech bags)

SARTORIUS STEDIM BIOTECH
(WWW.SARTORI US.CONQ‘

Table 5: Average number of colonies used for each challenge
solution (Thermo Fisher Scientific bags)

Growth Growth
Starting Ending Promotion Starting Ending Promotion
Bag Description Titer Titer Test Titer Bag Description Titer Titer Test Titer
50-mL Flexboy bag 1.0x 107 87x10° 40CFU 50-mL bag (TFS) 1.0x 107 87x10% 40CFU
CFU/mL  CFU/mL CFU/mL  CFU/mL
500-mL Flexboy bag 1.0x 107 8.7x10° 40 CFU 500-mL bag (TFS) 1.0%x 107 8.7x10° 40CFU
CFU/mL  CFU/mL CFU/mL  CFU/mL
5-L Flexboy bag 9.8%x10° 1.1x107 43 CFU 5-L bag (TFS), 1.0x 107 8.7 x 10° 40 CFU
(heat sealed) CFU/mL  CFU/mL heat sealed CFU/mL  CFU/mL
5-L Flexboy bag 6.4x10° 6.5%x10° 55CFU 5-L bag (TFS), 9.5x10% 94x10° 79 CFU
(Clipster connected) CFU/mL  CFU/mL Clipster connected CFU/mL  CFU/mL

Then the samples were removed from the
challenge solution, decontaminated with a 5%
chlorine bleach solution, and rinsed with purified
water. Finally, the samples were incubated at 30 =
2 °C for seven days before visual inspection for
growth of the challenge microorganism.

Tables 2 and 3 summarize the results for all test
samples, positive and negative controls, and
parallel growth-promotion tests.

Positive controls were created by piercing a single
hole in a bag using a 22-gauge needle. Then all four
positive controls were subjected to the same
protocol as the test bags, including incubation at 30
+ 2 °C for seven days, to confirm viability of the
test solution to promote microbial growth. The
negative controls consisted of two bags that were
not exposed to the challenge solution. They were
incubated at 30 + 2 °C for seven days to confirm the
absence of contamination on those test articles
before bacterial challenge by immersion.

METHODS AND RESULTS

Following incubation, three nongrowth bags per
group of tested samples were inoculated with
10-100 CFU of the challenge organism. Tables 4
and 5 specify the average number of colonies used
for each challenge solution prepared. Tested bags
were incubated at 30 + 2 °C for a maximum of
seven days or until growth was observed to
FEATURED REPORT INSERT

confirm viability of the test solution to promote
growth and thus eliminate false negatives.

All challenge-solution titers are over the
specification of 1 x 10° CFU/mL at minimum. All
the growth-promotion test titers fall within the
specification of 10-100 CFU.

VERIFIED APPROPRIATE

This study was designed to compare microbial-
barrier properties of the Clipster sealing and
disconnection system with those of the heat-
sealing method on thermoplastic tubing after
filling and storage under routine conditions by
Pfizer in Sanford, NC.

To confirm the microbial barrier properties of
bag assemblies using both closure methods, heat-
sealing of thermoplastic elastomer filling tubes
and mechanical closure using the Clipster system,
after multiple freeze—thaw cycles and shipping, we
used a bacterial challenge by immersion. All
samples and controls achieved expected results
described in the study protocol:

* An absence of microbial growth in the
negative controls verifies that bags and media were
sterile before the challenge.

Continued on page 19
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Continued from page 17

* Microbial growth in the positive controls
verifies that the test method used is suitable to
demonstrate the ingress of microorganisms in
those bags.

* Microbial growth in the growth-promotion
tests verifies that the bags are capable of
promoting growth.

After worse-case handling conditions — three
freeze—thaw cycles, storage at =50 + 10 °C, and
shipping — the test samples were subjected to and
passed container-closure integrity testing with a
bacterial challenge by immersion. Our results
confirmed that the study’s goal of validating a
redundant container-closure platform for critical
vaccine-intermediate, BDS, and drug-product
dispensing manifolds had been met.
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