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CONFERENCE EXCLUSIVE

Development of Capabilities for  
Small-Scale Virus Fills

I
ntrogen Therapeutics has been 
producing clinical-grade adeno-
viral vectors in scaled-up pro-
cesses, in cGMP facilities, for over 
five years. Semi-automated hand 

filling, using a Watson-Marlow 505Di/L 
pump, has been used over this period to 
fill batch sizes of up to 2 liters of adeno-
virus. While this procedure has been 
robust and demonstrated a high level of 
sterility assurance through regularly 
scheduled media fill studies and prod-
uct testing, the firm needed to move to 
the next level of fill sizes. 

Anticipating up to 10,000 fills in 3 ml 
vials, Introgen has worked in collabora-
tion with M&O Perry Corp. to develop 
an automated fill capability that utilizes 
the same base procedure but in an auto-
mated fashion. Central aspects to this 
strategy for Introgen, from a process 
economics and cleaning validation 
standpoint, are the use of disposable 
materials and the contracted produc-
tion of cleaned, depyrogenated, steril-

ized, and aseptically pre-stoppered vials 
for use in fill procedures.

Introduction

For many small biotech companies, a 
number of contract options are avail-
able for automated, aseptic product fill 
into vials or other final product con-
tainers. Contract fill services are avail-
able for bulk volumes ranging from very 
small (<100 ml) to very large (>100 L), 
with a variety of resultant fill volumes.

Yet for the gene therapy industry's 
virus manufacturers, the range of 
options is far more limited. Introgen's 
experience has taught us that filling 
contractors are reluctant to fill such 
products and perform the required 
cleaning validation and product car-
ryover studies that would allow them 
to introduce such products into their 
filling suites. 

Even those contractors that initially 
indicated a willingness to perform such 
studies, often declined to proceed as 
other clients expressed concern about 
viral-based products being filled in the 
same facility. In some cases, the concern 
was significant enough that these clients 
raised the potential of contract termina-
tion, should the contractor introduce 
such products into their common-use 
fill suites. 

Initial contacts with a variety of con-
tract fill houses were promising, but led 
uniformly to polite withdrawals from 
further consideration after discussions 
with other clients. Even if there were will-
ing contractors available, intermittent 
small-scale contract fills can be prohibi-
tively expensive to fledgling organiza-
tions in the viral gene therapy industry.

Introgen sought a way to accom-
plish cGMP fill operations in a manner 
that would be cost effective for a small 
manufacturing facility. Due to the early 
phase nature of many gene therapy 
products, and the smaller-sized com-
panies that make them, the current 
state of fill capabilities in our industry 
is limited to small-scale manual fills. 
Exceptions do exist, such as Transgene’s 
infrastructure1 driven by the restrictive 
French manufacturing environment. 
But for the most part, there is limited 
capacity for fills of even moderate vol-
umes (>1L) or numbers of vials (>1000 
vials). In fact, partially due to this cur-
rent state, many groups are restricted 
to the use of cryovials, as a final prod-
uct container.

An additional set of considerations 
also presents a difficulty to small com-
panies, such as Introgen, in imple-
menting in-house automated fill 
capacity. Aside from a cGMP autoclave, 
which many companies would already 
have in place, a significant amount of 
additional equipment is required to 
clean and sterilize glass vials and stop-
pers. For example, you would need a 
water for injection (WFI) system, a vial 
and stopper washer, and a depyrogena-
tion oven. Furthermore, the space 
requirements for this additional infra-
structure are substantial. Add the cost 
of a $250,000 automated fill machine 
to the equipment list, as well as the 
associated validation cost, and the 
price of implementing in-house fill 
capabilities quickly exceeds $1M. 

Over the course of this project, 
another limitation faced by Introgen 
was the fact that the vast majority of fill 
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equipment on the market is targeted at 
high-speed filling of larger volume 
products. It may not be feasible to pur-
chase such high-speed equipment (over 
100 vials/minute) to fill 1 liter of total 
volume at 1 ml. The dead volume in 
these systems may often be quite large in 
relation to the overall filled volume, and 
in the above example, the entire fill 
would be completed in 10 minutes. 

Few companies were willing to bid 
on the equipment Request for Proposal 
(RFP) Introgen generated. When there 
was supplier interest, the discussions 
often led to complicated custom charac-
teristics that significantly increased the 
price and greatly extended the delivery 
and validation timeline.

This article describes Introgen’s 
approach to manual final product fill-
ing over the past five years, and its 
efforts to introduce automated filling2 
as its adenovirus-based p53 (Ad-p53) 
product volumes increase and move 
further into Phase III clinical trials, 
with the anticipation of product 
approval and market launch.

Manual Filling Approach

Beginning in September 1996, 
Introgen performed cGMP final prod-
uct fills of clinical material into cryovi-
als, and later into a more typical phar-
maceutical container/closure system of 
glass vials with stoppers. Ele ments of 
this fill procedure have included a steril-
ized silicone tubing set (0.8 mm inner 
diameter) and a peristaltic pump 
(Watson-Marlow 505 Di/L dual-chan-
nel). All manual fills have taken place in 
a Class 100 Biological Safety Cabinet 
(BSC), contained in a Class 10,000 
room. Operators were in full coverall 
gowning. Extensive environmental 
monitoring was performed for non-
viable, and viable, particles that were 
present in the filling environment 
(including operator gloves and sleeves).

The first key element was the 
Watson-Marlow 505Di/L peristaltic 
pump. This pump has a dual-channel 
head design which limits pulsation. 
The pump can be programmed to fill a 
range of smaller volumes through the 
use of small ID tubing. Features, such 
as viscosity adjustment and drip 
reverse, have proven very useful for this 

fill procedure. The pump calibration 
methods include extended run and 
“on-the-fly” dose calibration. The 
pump is foot-pedal controlled and was 
easily located outside the BSC. The 
tubing set and final product bag were 
connected within the BSC, and then 
passed outside the cabinet so that the 
tubing can be placed in the pump head 
and the bag can be hung on an appro-
priate stand. (See Figure 1).

The second key element of the man-
ual filling system is the custom tubing 
set itself. In order to achieve the desired 
accuracy and precision for a 1 ml nomi-
nal fill, 0.8 mm ID tubing was chosen. 
The tubing set is made from materials 
sold by Watson-Marlow, and includes a 
double-Y element that provides the 
two-channel feed path through the 
pump head. 

Initially, this tubing set was pre-
pared in segments of limited length, 
which were autoclaved prior to use, 
validated through use of spore suspen-
sion, and connected via luer fittings at 
the beginning and end of each seg-
ment. Currently, the tubing set is fully 
preassembled by a contractor, and is 
gamma irradiated to provide the maxi-
mum level of sterility assurance. At the 
inlet end of the tubing set is a luer fit-
ting which is connected to the final 
product bag (Flexboy from Stedim). At 
the outlet end of the tubing set is the 
final fill needle. The fill tubing set is 
triple-wrapped with additional wraps 
on the inlet and outlet sides to guaran-
tee sterility during transfer into the 
facility and BSC.

The final key element is the custom-
ized fill stand. This stainless steel stand 
is autoclaved prior to each fill proce-
dure. The stand has a retaining block for 
the fill needle. A vee arm on the stand 
serves two functions: to guide the vial to 
the appropriate point for fill, and to 
hold the rubber stopper for the vial dur-
ing filling, using an integrated “fork” 
element. (See Figure 2.). The stand is 
designed to be heavy enough to resist 
rocking or motion during the vial 
manipulation.

Manual procedure. In brief, the proce-
dure is as follows. After transferring the 
sterile vial rack into the BSC and asepti-

cally removing its cover, the operator 
removes a stoppered vial from the rack. 
Then the operator destoppers the vial in 
the “fork” device, which holds the stop-
per during the fill step. The operator 
fills the vial, actuating the pump foot 
pedal to dispense the calibrated dose. 
Then, the vial is restoppered and placed 
in the rack. Filled racks are removed 
from the BSC for crimp placement and 
manual crimping with a Westcapper.

The combination of these design ele-
ments and procedure allowed Introgen 
to meet its goal of filling approximately 
1500 vials in an 8-hour shift. In excess of 
30 cGMP aseptic final product fills have 
been successfully performed at Introgen 
with this procedure.

Vial and Rack Configuration

As Introgen moved to later-phase 
clinical trials, it became desirable to 
replace the cryovial configuration with 
a more traditional pharmaceutical con-
tainer closure. In combination with a 
corporate collaborator, Aventis Pharma 
(formerly Rhone Poulenc-Rorer), a vial/
stopper design was selected and stability 
studies were performed. A stainless steel 
rack design (See Figure 3.) was devel-
oped to hold these vials in a prestop-
pered, ready-to-use fashion. The rack 
has a removable fourth side for use in 
automated filling, a removable lid, and 
the capacity for approximately 190 vials. 
The vials are cleaned, depyrogenated, 
sterilized, stoppered, and loaded into 
these racks by a validated contract fill 
facility. These racks are then triple-
wrapped to assure the sterility of the 
vials during shipping and storage.

Research showed that limited data 
was available on shipping empty steril-
ized vials, and that few contractors 
were available that would provide such 
a service. We had agreed that we defi-
nitely wanted the vials to be stoppered, 
so that particulates could not enter the 
vials during shipment. As the utility of 
this approach has been demonstrated 
over the years, additional contractors 
have been identified who are willing to 
generate and ship vials in such a con-
figuration. This is a fairly straightfor-
ward request, in that the contractor can 
be asked to do an “air fill” of empty, 
stoppered vials. While this is a rather 



40 BioProcessing  •  March 2002

Figure 1. The filling setup including product bag, tubing line and nee-
dle, Watson-Marlow 505Di/L pump, and fill stand  All items are 
shown side-by-side for clarity. Bag and pump are outside BSC during 
normal filling procedures.

Figure 2. The fill stand assembly. The operator has removed the 
stopper, being held by the “fork” device, and the vial is being filled 
under the blue fill needle.

expensive way to obtain vials, it offers 
the flexibility of filling on a given date, 
without having to contract the fill 
months in advance. 

The rack and vial design was also 
compatible with the company’s plan 
to implement a fully automated fill 
operation.

Automated Fill Development

As useful as the manual fill proce-
dure had been, it did have a number of 
drawbacks. One could only fill a limited 
number of vials (approximately 1500) 
in a standard eight-hour shift. Vial cap-
ping and crimping had to be done 
manually. Given our product storage 
conditions, vial inspection and label 
reconciliation had to be done the same 
day as the fill, which often required 
split-shift scheduling challenges. 

Our goal was to fill 10,000 x 1 ml 
vials in one day, which would allow us 
to generate commercial supply of prod-
uct from our current facility, should we 
obtain approval.

In mid-1998, Introgen approached a 
number of fill machine vendors with 
specific criteria for an automated filling 
process. In combination with a number 
of standard features, we needed a 
machine that would destopper vials, 
plus handle our current vial size. The 
destoppering/restoppering design was 

the key roadblock, as no machines were 
commercially available with this func-
tion. In general, the equipment manu-
facturers could not understand why 
anyone would want to destopper a vial. 
We were presenting a new case scenario, 
with our prestoppered vial configura-
tion. Additionally, we wanted to design 
a machine that would utilize our cur-
rent fill tubing, needle, and pump con-
figuration.

With the fairly low-speed, small vial, 
and destoppering design as require-
ments, only two vendors chose to sub-
mit final bids for such a machine. A 
number of vendors elected not to bid, 
based on the design criteria and the 
budget figure of $250,000. Based on 
their demonstrated expertise, novel 
design, enthusiasm and willingness to 
work with Introgen, M&O Perry of 
Corona, CA, was chosen for the project.

We proceeded with a detailed design 
qualification (DQ) process, which pro-
vided a “two-way street” for collabora-
tion. M&O Perry conceived of an appro-
priate mechanism for stopper removal 
and replacement, and met our requested 
design deadline. Fabrication of the 
machine was completed in early 1999. 
The machine contained an integrated, 
Class 100, glass and stainless cabinet, 
plus a two-section design, which sepa-
rated the filling and stoppering func-

tions from the crimp placement and 
crimp functions, with a Plexiglas shield 
and mouse hole.

In early 1999, M&O Perry success-
fully executed a Factory Acceptance Test 
(FAT) that was designed by Introgen’s 
technical staff. The test confirmed the 
capability of the machine to process 
vials of a number of preparation lots, at 
the target speed of 30 vials/minute, and 
with an acceptable failure rate under 
1%. The machine was fairly standard in 
design with the exception of the destop-
pering and restoppering mechanism.

Automated procedure. As designed, the 
machine processed vials in the following 
sequence:
1. Stoppered vials are fed from racks 
onto a standard descrambling table. 
Vials are loaded into feed slots in a con-
veyor mechanism, which are detected in 
a given slot by the first LED device.
2. The machine loosens the stopper 
by bumping it into a stainless chicane 
fixture, and then running the vial/stop-
per combination through the ramp 
structure.
3. A vacuum device, that has been 
indexed to the vial, removes the stopper, 
and a second LED device detects proper 
stopper removal.
4. The vial is filled using a diving 
needle filling mechanism.
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Figure 3 (above). A vial rack and vials. The fourth side of the fill rack 
has been removed. The racks have a cover similar to the bottom 
shown and come triple-wrapped for protection.

Figure 4 (right). The overall machine configuration.  The glass cabi-
net provides a Class 100 environment. The overall machine dimen-
sions are 36" wide x 84" long x 99" tall. The infeed is on the left hand 
side. Machine functions move left to right.

5. The stopper is replaced into the 
same vial it was removed from, by the 
rotating arm being indexed to same vial 
and releasing the vacuum on the stop-
per. A third LED detects proper stopper 
replacement.
6. The stopper is fully rolled into the 
vial, which then passes through the 
mouse hole to the crimp side of the 
machine.
7. A flip-top crimp cap is transferred 
onto the vial from a vibratory bowl feed 
mechanism. The fourth, and last, LED 
device detects proper crimp placement.
8. The vial is crimped and passed 
onto the exit-descrambling table, which 
fills empty racks (See Figure 4).

Machine Installation and 
Destoppering Redesign

As the new facility construction was 
being completed, the machine was 
placed in the Class 1,000 fill room. 
Since the machine was too large to fit 
through the door, we had to remove a 
hardwall panel to get the machine into 
the room. 

After installation, performance test-

ing showed an additional problem that 
was not uncovered during the FAT. We 
found that there was greater than antic-
ipated variability in how tightly a stop-
per binds to a given vial. This caused an 
unacceptable number of fatal errors to 
occur with the stopper pick and replace-
ment mechanism, such as dropped 
stoppers and a failure to replace the 
stopper. The machine was redesigned in 
its current location, as it would have 
been very difficult to remove it from the 
cleanroom.

This redesign of the stopper removal 
mechanism extended the extensive 
effort that had already taken place at 
M&O Perry. Over a one-year period, a 
number of design concepts were pro-
posed, and then tested individually or in 
various combinations. These included 
changes in the vacuum pick and replace 
mechanism, variations in the slalom 
and chicane design, a plunger that 
would strike the stoppers prior to 
attempted removal, as well as other 
more passive loosening mechanisms. It 
was decided that a more active mecha-
nism would be needed to provide the 

necessary level of consistency of stopper 
removal and replacement.

Final Machine Configuration and 
Results

It was agreed that we would replace 
the vacuum stopper removal mecha-
nism with a mechanical design. A rotary 
valve was added which had jaws and a 
plunger on each of the four stopper 
removal/replace ports (See Figure 5). 
Where previously the stopper was 
removed solely through the use of vacu-
um, the new design removes the stopper 
with a set of jaws that physically grabs 
and lifts the stopper from a given vial. 
When the stopper is replaced, the jaws 
release and a plunger pushes the stopper 
into the vial (See Figure 6). 

This redesign was finalized and 
implemented during numerous vendor 
trips to the Introgen site, and it has 
resolved the problems related to stopper 
removal and replacement. Machine per-
formance has improved over that 
observed during the original FAT, with a 
reduction in failure rate and the proba-
bility that filled vials would be lost. 
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Figure 5. The rotary valve and stopper removal/replacement arms.  
Also shown, from left to right, are vial infeed, stopper removal sensor, 
diving needle fill station, and stopper replacement sensor.

Figure 6. Closeup of stopper removal jaws. Both sets of jaws shown 
are holding stoppers ready for replacement into filled vials.

There is also a reduced probability that 
operator intervention would be required 
inside the Class 100 cabinet area.

In our current configuration, the 
machine will fill about 15 vials/min 
(700-900 vials per hour). The machine 
throughput can be increased to about 
30 vials/min if 1.6 mm ID fill tubing is 
used. For Phase III and initial commer-
cial manufacturing, Introgen will use 
the current 0.8 mm tubing. Standard 
Operating Procedures for machine set 
up and sanitization are being written, in 
preparation for the aseptic fill qualifica-
tion. Initial fill qualification will be 
done for smaller fills (1,500 to 3,000 
vials), and we will conduct larger fill 
qualifications as required.

In parallel, M&O Perry has designed 
a machine utilizing larger diameter vials 
with 20 mm stoppers. This larger stop-
per size greatly reduced the problems 
Introgen encountered during stopper 
removal and replacement, demonstrat-
ing that many of the problems were due 
to the small vial/stopper diameter.

Conclusion

This equipment is anticipated to 
meet all of Introgen’s needs for initial 
commercial launch of our gene therapy 
products. It is based on a standard fill 
system design, so it can be reconfigured 
to handle unstoppered vials, if Introgen 
builds the infrastructure for standard 
vial and stopper preparation. Vial sup-

ply agreements are currently in place 
with multiple vendors, which could 
provide vial/stopper supplies to other 
companies who might wish to utilize 
similar equipment at their sites.
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