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One of the greatest challenges for
increasingly regulated industries,
such as the biopharmaceutical and

pharmaceutical industries, is efficiently
manufacturing products. This process
involves meeting regulatory requirements,
which include equipment cleaning, main-
tenance and validation; proper equip-
ment design for product manufactur-
ing; and ensuring that manufacturing
processes pass the necessary tests.

The Food and Drug Administration’s
(FDA) requirement that equipment be
clean before use is nothing new: The
1963 GMP (Good Manufacturing Prac-
tice) Regulations (Part 133.4) state that
“equipment . . . shall be maintained
in a clean and orderly manner.” A simi-
lar section on equipment cleaning
(211.67) is included in the 1978 CGMP
(Current Good Manufacturing Practice)
regulations. The objective is to prevent
contamination or denaturalization of
drug products as a result of the manufac-
turing processes by requiring producers
to clean, maintain, and sanitize equipment
at appropriate intervals. In the past, the
focus of the FDA had been to look for “gross
insanitation due to inadequate cleaning
and maintenance of equipment and/or poor
dust control systems.” The FDA also
searched for contamination of drug prod-
ucts with steroids or hormones or cross-
contamination of penicillin with nonpeni-
cillin drugs. Now, more equipment is being
reused to produce vast batches of materi-
al, and introducing contaminants from
cleaning procedures could pose an even
greater threat to the final product than
cross-contamination.

A Resinable Doubt
In 1988, Cholestyramine Resin USP finished
drug product was recalled because of a lack
of validated cleaning procedures and inad-
equate control of recovered solvent drums.

Drums used in manufacturing pesticides
were later used to store solvents to manu-
facture the resin. This recall increased the
FDA’s awareness of the potential for cross-
contamination. 

In the early 1990s, the FDA imposed

stricter procedures based on a finding that
a foreign bulk pharmaceutical producer was
manufacturing steroid products as well as
nonsteroid products using the same equip-
ment. The FDA found “the potential for
cross-contamination” to be “significant”
and the cleaning procedures inadequate.
As a result, the FDA imposed an import
alert to minimize potential health risks.

Another incident in the 1990s was the
1992 FDA improper cleaning citation of
Barr Laboratories for its failure to validate
cleaning procedures in accordance with 21
CFR 211.67, equipment cleaning and main-
tenance. In this prominent case, the FDA
articulated the position that it would moni-
tor compliance in the industry and ensure
that proper cleaning procedures and docu-
mentation are implemented in the manu-
facturing process.

According to 21 CFR 210 and 211 (www.
fda.gov/cder/dmpq/cgmpregs.htm), the FDA
regulation for Current Good Manufactur-

ing Practice in Manufacturing, Process-
ing, Packaging, or Holding of Drugs; Gener-
al and Current Good Manufacturing Prac-
tice For Finished Pharmaceuticals,
manufacturing processes should consist of
an objective that clearly defines the vali-
dation process. This area is where manu-
facturers frequently fail to comply with the
regulation because they inadequately eval-
uate the effectiveness of the steps they
use to clean equipment. There may be more
than one way to validate a process, but

the key is to determine the number of
cleaning processes for the application.
For each piece of equipment, there
should be cleaning and validation meth-
ods based on the number of products
being produced and whether the cleanup
occurs between batches of the same
product or between batches of differ-
ent products. Also required to adhere
to the regulation are written standard
operating procedures, batch records, or
a log sheet system with an area to record
each function of the procedure for the
cleaning process, analytical methods,
and sampling procedures.

Because of large variations in prod-
ucts and equipment used in pharma-

ceutical manufacturing, it is “impractical”
for the FDA to “set acceptance specifica-
tions or methods for determining whether
a cleaning process is validated,” according
to the Guide to Inspections Validation of
Cleaning Processes (1). This responsibility
lies with the manufacturer and is neces-
sary to ensure that acceptance criteria are
developed in accordance with FDA regula-
tions. However, the recent decision by the
FDA to revise the 1987 Aseptic Processing
Guidelines, Guidelines on Sterile Drug
Products, has brought together members of
industry, academia, and government in a
cooperative effort to ensure common under-
standing and continued product quality
(2). This collaborative effort on behalf of
the FDA aims to “improve regulation, there-
by improving and assuring quality”.

Detour Ahead
The pharmaceutical industry is concerned
about contamination in the manufacturing
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Novel single-use devices raise hope for 
more cost-effective cleaning validations of
bioprocessing and pharmaceutical products.

Aseptic connection device (Kleenpak). (Photo cour-
tesy of Pall BioPharmaceuticals.)



environment and the associated risks
induced by other products or from clean-
in-place residual detergent fluids. Addi-
tionally, contamination risks are associat-
ed with operator-dependent activities such
as equipment assembly, sterilization, and
cleaning. Historically, companies have used
dedicated production lines or terminal ster-
ilization—sterilization after the product
has been packaged—to eliminate these
contamination issues. These processes have
long been viewed as reliable techniques for
achieving sterilization. However, some active
ingredients, dosage forms, and biologicals
cannot withstand terminal sterilization,
which would result in damage to the final
product, and require aseptic processing.

As a result of these production chal-
lenges, disposable single-use systems have
been introduced. These new systems
emphasize quality and compliance to
ensure system sterility and decrease the
risk factors associated with traditional
processing methods. 

The Single-Use Alternative
In an increasingly technology-driven envi-
ronment, it has become imperative for
pharmaceutical companies to have strate-
gies in place to ensure regulatory compli-
ance. Companies also face the challenge of
getting their products to market in the
face of global competition and profitabil-
ity pressures. Thus, single-use disposable
technology is becoming increasingly
common in the life sciences industry—
from filters to fittings to tubing and tank
liners—as manufacturers move toward using
disposables as part of an aseptic manu-
facturing scheme.

“FDA scrutiny of drug development prac-
tices and increasing competition to bring
new drugs to market faster created the
need for a connection device that provides
greater sterility assurance and saves time,
labor, and cost,” said Ed Hoare, president
of Pall BioPharmaceuticals (www.pall.com),
in a recent company news release referring
to its disposable aseptic connection device
(ACD). Ultimately, drug and contract manu-
facturers hope that such devices will offer
time savings and enhanced sterility assur-
ance to give them an advantage in the race
from development to market. 

Hazel Aranha, manager of bioprocess
applications at Pall’s Life Sciences Division,
said, “There are no specific FDA guide-
lines for use of disposables in manufac-
turing. However, the International Confer-
ence on Harmonization (ICH) Q7A

document, Good Manufacturing Guidance
for Active Pharmaceutical Ingredients,
sections 5B, 6B, and 12, specifies require-
ments for equipment maintenance and
cleaning, documentation of the procedures,
as well as validation of procedures. Use of
a disposable system eliminates the need
for cleaning validation, and the docu-
mentation associated with it” (3). 

According to Holly Haughney, vice pres-
ident of biopharmaceuticals marketing at
Pall, “Disposable capsule filters do not
require cleaning, therefore, cleaning vali-
dations are minimized. In addition, it takes
less time for assembling a filter cartridge
in a stainless steel housing, because the
capsules are preassembled. The filters
housed inside the disposable [polypropy-
lene or poly(ether imide)] capsules are
susceptible to the same requirements as
those within a stainless steel system used
in the manufacturing.” For example, the
filter cartridge is the same material in both
configurations. Therefore, an advantage
of this technology is that “changing from
a validated filter cartridge that is in a stain-
less steel housing to a disposable capsule
filter requires minimal documentation,
which means that switching from a stain-
less steel to a disposable assembly is rela-
tively straightforward,” Haughney adds.

A Quick Fix
Disposable products that do not need to
be dismantled, cleaned, and resterilized
between batches are replacing stainless
steel production equipment, long the indus-
try standard, and other reusable manu-
facturing equipment. As a result, the indus-

try is shifting from more traditional manu-
facturing schemes in which stainless
steel tanks are coupled with lines of pipes,
and fittings are coupled with sterilization
and purification equipment, to designing
and installing custom disposable systems
in existing facilities or new structures. In
an industry where the time from develop-
ment to market is crucial, companies are
looking toward technologies that substan-
tially eliminate the costly regimen of clean-
ing and the time-consuming task of
performing a cleaning validation. 

According to the Pall press release,
“Compared to traditional connection meth-
ods, such as tubing welders and quick
connectors, the device [ACD] shortens
the time it takes to create aseptic connec-
tions. . . . [and] promotes efficient manu-
facturing practices that eliminate the need
for cleaning and cleaning validation.” Aran-
ha further explains, “The ACD is ‘shape-
coded’ to ensure that the connection is
performed properly. The ACD also has a
ratchet mechanism that prevents disas-
sembly, and the ratchet position can be
visually checked to ensure that the connec-
tion is made properly.”

As the various single-use technologies
continue to improve, their use in biophar-
maceutical and pharmaceutical processing
will continue to expand. These devices
provide reliable alternatives to cleaning
validations and, according to Denise Wendt
of BioPharm International, “Through
further research and development into
emerging technologies, such as dispos-
able technology, and continued coopera-
tion between suppliers and end users, the
complex challenges of bioprocessing—from
cutting costs to controlling contamina-
tion—can be met.” The new disposable
technologies will ensure that single-use
devices are not just the technology of the
present, but also of the future. 
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