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Study results
show that the state of a cleanroom clothing
system—new or much used—influences the
protection efficacy of the system.
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ecause the production of sterile products for global sale

requires manu factu ring conditions that comply with in-

creasingly strictnati onal and internationalrequirements

of cleanliness and documentation, s terile drugs today are
manufactured in classified cleanrooms.

In the International Organization for Standard s’ (ISO) stan-
dard14644-1, “Cleanrooms and Associated Con trolled Envi-
ronments,” a cleanroom is defined as,

“A room in whichthe concentration of airborne partides is
controlled, and which is constructed and used in a manner to
minimizethe introduction, generation, and reten ti on of parti-
cles inside the room and in which other rel evant parameters,
e.g., tem perature, humidity and pressure, are controlled as nec-
essary.” (1)

As technical solutions have improved, current good manufac-
turing practice (CGMP) requirem ents regarding manu facturing
conditions (e.g., the total number and viable number of airborne
particulates) for sterile dru gs have become more stringent. The
various internati onal GMP requirements, however, have not yet
been fully harmonized. For pharmaceutical cleanrooms, the most
commonly used guidelines and requirem ents are:

+ The US Food and Drug Administration’s CGMPs, which
apply to products sold in the United States;

+ The European Union’s GMP Annex 1, which applies to prod-
ucts sold in the European Union (EU).

Annex1 of the European Commission (EC) Guide to Good
Manufaauring Practice provi dessupplementary guidance re-
garding the applicationof the principles and guidance of GMPs
to sterile products (2). The guidance includes recommenda-
tions for standards of environmental cleanliness for deanrooms.

Table I lists, as of January 2005, the maximum permittedor
recommended number of viable particles in deanrooms accord-
ing to EU Annex I, FDA GMPs, and the US Pharmacopeia (USP
24-NF19) (2,4,5). Neith er ISO 14644-1 nor 14698-1defines
the numberof viableairborne parti cles permitted in a dassified
deanroom or associated con troll ed envi ronment (1, 3).

To avoid contaminati on ori ginatng from the process, all ma-
terials (ingredients and products) transferred into clean asep-
tic areas must be stetile-filtered , a utoclaved, or deanedand ster-
ilizedin some other way. In addition, personnelmust en ter the
cleanroom through appropriate changing rooms.
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Figure 1: The arrangement of a modified dispersal chamber (body box) used to

study the protective efficacy of clothing systems.

Because supplyair is filtered thro u gh HEPA-filters, the main
sources of airborne parti cles in deanrooms are people and op-
era ting mach in ery. People are the principal source of viable air-
borne parti cles. Thus, to protect the air quality operators should
wear specially designed cleanroom clothing.

For every operator in a critical (grade A or B) area, clean and
sterile protective garments, including sterile gloves and masks,
must be provided for each working session. Cleanroom cloth-
ing must be of high quality, clean, and sterile (sterilized or ad-
equately saniti zed). Separate laundry facilities for su ch doth-
ing are desirable.

Table I: Maximum permitted or recommended airhorne viable particles

(colony-forming units/m’) in pharmaceutical cleanrooms.

People

People disperse fragments from the skin. The airborne
dispesionof such particles va ries from person to person
and from time to time. According to Akers, during asep-
tic produ ction, most cases of microbiological product
contamination are caused by airborne contamination (6).
Within a cleanroom, people are the main source of such
microbiological airborne contaminants.

According to the requirements for current good man-
ufacturing practices (CGMPs), all personnel en tering
an aseptic producti on area must be qualified with re-
gard to gowning techniques. People within the aseptic
production and the critical areas are frequently mon i-
tored by a combination of sampling methods. People
with skin problems, who are referred to as shedders,
should not work in an aseptic cleanroom.

Cleanroom clothing
The primary purpose of deanreom clothing is to pro-
tect products and the processing environ ment from air-
borne contamination. Clothing should cover a pers on as
completely as possibleto prevent significant nu m bers of
contaminants from being dispersed into a deanroom.
The properties of the fabrics used for deanroom doth-
ing can be assessed by measu ringair permeability, par-
ticle retention, and pore size . The fabric itself should dispers e
only a minimal number of particles and be resistant to wear and
tear. The ef fectiveness of deanroom clothing will deteriorate,
however, because of factors su ch as aging, wear, washing, dry-
ing, and sterilizing

Today’s aseptic cleanreom clothing consists of a combina-
ti on of disposabk or reusable coveralls, hoods, 1ong boots, and
accessories such as gloves, face masks, and goggles. All items
must be of appropriate high quality, dean, and sterile (steril-
ized or adequately sanitized). For reusable parts, the washing
process as well as the sterilizationprocess or the sanitization
processes must be validated.

Testing the material properties for aseptic
clothing is mainly performed by the material
or clothing manu facturer. Most tests are con-

EU GMP Annex 1 FDA 2004 (4) USP 24-NF 19 (5) ducted on new material and study particle
Maximum Maximum us Maximum  Sen eration, particle filtration, andresistance
rticl rticl rticl to wear.
Grade p:ouﬁte plis p:ouﬁte cusllomary p:ouﬁte At KTH (the Royal Insti tute of Technology)
(cfu/m?) (cfu/m?) glass (cfu/m®) in Sweden, a modified dispersal chamber has
A <1 Critical area 1 100 <3 been used to stu dy the pro tective efficacy of
Background to critical deanremm clothing (see Figure 1). Compar-
area, US Customary 7 ative studies have been performed in the dis-
Class 1000 persal chamber on sel ected clothing sys tems
Sereeuie el of b'ot.h new sys tems anc} sys tems washed and
B 10 area, US Customary 10 10,000 20 sterilized 50 times. Detailedre sults have been
Class 10,000 reported by Ljungqvist and Reinmiiller (7, 8).
The tests performed. The two reusable dean-
Controlled area, room clothing systems studied were two sets
C 100 US Customary 100 100,000 100 £ th del made by a single manu fac
Class 100.000 of the same model made by a single manu fac
’ turer. The materials consisted of continuous
L 200 filamert polyester fabric with an electrostatic




growth med ium for all tests was standard medium tryp-
tic soy agar (TSA) in 9-cm Petri dishes. The TSA plates
were incubated for at least 3 days at 32 °C followed by at
least 2 days at room temperature.

Table II: The effect of using special cleanroom underwear on the

filtration efficacy of particles and colony-forming units (cfu)*.

Aerobic cfuls Microbiological results. No significant performance dif-
Mean value | Confidence interval  ference was seen between the disposable clothing and the
Part (number of test subjects) Lower Upper two sets of reusable clothing that were on lywashed and
Part 1 (n = 5) 0.51 0.04 0.78 sterilized once. The variation among the test subjects was
greater than the variationbet ween the systems. The use of

Part 2 (n = 5) 0.24 0.10 0.39

special cleanroom underwear, however, enhanced the fil-

*The 95% confidence intervals (t—distribution) for source strengths of tration &ﬁcacy Of both parﬁcles and COIOHY' fom]mg units

airborne aerobic cfu/s from test subjects dressed in new cleanroom
clothing systems. Parts 1 and 2 comprised all 10 test subjects. The five
test subjects in part 1 wore a cleanroom undershirt and short
underpants; the five test subjects in part 2 wore a cleanroom undershirt
and long-legged cleanroom underpants.

(see Table II). There were five test subjects in each group:
the test subjects in part 1 wore a deanroom undershirtand
short underpants and the subjects in part 2 wore a clean-
room undershirt and long-legged cleanroom underpants.

Table III: Performance of cleanroom clothing systems after various numbers of

washing and sterilization cycles.*

After 50 wash and
sterilization cycles

2860

Table ITT summari zes the results of
testing three sets of deanroom doth-
ing: new clothing (washed and steril-
ized onlyonce), clothing washed and
sterilized 25 times, and clothing washed
and sterilized 50 times. More particles
were generated after 25 washing and
sterilizationcycles than after 50. This
re sult suggests that the partides may

Particles/s and colony-forming unit (cfu)/s
. . After 1 wash and | After 25 wash and
ulothing By (Goiaminant sterilization cycle | sterilization cycles
Particles
. =0.5 um 585 3950
High- Partic|
quality >a5rt|c es 9 70
cleanroom | =2 #M
clothing Colony-
forming 0.38 0.49
units

have been gen era ted from the material
itself and not by the activi ty of the test
36 subjects. The number of colony-form-
ing units genera ted, however, increased
as the number of washing and sterili-
zation cycles increased.

1.14

*Comparison of data (mean values) of the source strength (generated particles and colony-

forming units [cfu] per second). People were dressed in various clothing systems washed and

sterilized once, 25 times, or 50 times, respectively.

discharge (ESD) stripe. The weave, weight (g/m?), and surface
treatment, h owever, varied. A dispo sable sys tem also was tested
for comparison. Several types of un derwear were testad in com-
bination with the cleanroom coveralls.

The washing process and sterilizing cycle used in the study
consisted of a washing process at a temperature of 73 = 2 °C
for 10 minute s, rinsing steps with filtered dei onized water, and
dry-tumbling with HEPA-filtered warm air. The sterilization
cycle was carried out in a steam autoclave at 121 °C for at least
20 minutes.

The containmert tests in the dispersal chamber evaluated
the pro tecti on efficaq of the clothing sys tems by measu ring the
concentration of total airborne particulates and viable partic-
ulates (as aerobic colony-forming units, or cfu) in the exhaust
air duct. The total number of airborne parti cles was determin ed
using a discrete particle counter (Hiac/Royco model 245, Pa-
cific Scientific Instruments/Hach Ultra Analytics, Grants Pass,
OR, www.pacsciinst.com). Viable particles were collected with
a slit-sampler (Impactor FH3/FH5, Markus Klotz GmbH, Bad
Liebenzen, Germany, www.fa-klotz.de) and in some cases also
with a sieve-sampler (Andersen 6-Stage Sampler, Anderson
SamplersInc., Wendell, GA). All instruments were opera ted ac-
cording to the manufacturers’ instructions. Mi c rabiological

Discussion

The stu dy re sults show that the source
strength—number of parti cles inclu d-
ing the number of colony-forming units generated from peo-
ple—increses with the number of washing and sterilization
cycles even when high-quality cleanroom clothing is used. Some
estimates are given in the following example.

Example. In a 90-m’ aseptic filling room with 20 air changes
per hour, the only microbiological contaminationsource is the
operators. The current colony-forming unit limit for grade B
areas (under EU GMPs) and for the back ground to cri tical areas
(under FDA rules) is 10 cfu/m’. Theoreticall, how many oper-
ators can be allowed in an aseptic filling room if the limit of 10
cfu/m’ cannot be exceeded during operating conditions?

This can be determinedby calculating the cfu concentration in
the filling room by taking the source strength for one person (from
Table IIT) and dividing it by the total air volume flow. The theo-
retical maximum number of people allowed in the aseptic filling
room wi Il be the limit value divided by the calculated con cen tra-
tion for one person.

Table IV shows the source strengths (cfu/s) for high-quality
deanroom clothing and the esttmated maximum number of
operators allowed in an aseptic filling room with a maximum
level of 10 cfu/m’.

Calculations based on the reported results and the dilution
effect of a ventilati on sys tem with at least 20 air changes per
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