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APFENDIX 10 MICROBIOLOGICAL
TESTS

10.1 STERILITY TEST pp. 470-476
Change to read:
10.1 STERILITY TEST

The test is designed to reveal the presence, if
any, of contamination with viable micro-organisms
in pharmaceutical or medical articles intended
for parenteral administration or for ather sterile
applications, which, according to the Pharma-
copoeia, are required to be sterile. A satisfactory
negative resuit, however, only indicates that no
contarninating micro-organism has been found in the
sample examined in the conditions of the test.
Nevertheless, because the sample to be tested is
randomly selected from the particular batch it
represents, it is thereafter assumed that the whole
batch passes the sterility test, which is at present the
only method available to the various authorities who
have to examine a product for sterility.

Alternative procedures or procedural detaiis
may be empleyed to dernonstrate that an article

is sterile, provided the results obtained are at least of Q

equivalent reliability. Where a difference appear‘s
in the event of a dispute, when evidence of micr,
contarmination is obtained by the procedure

this Phatmacopoeia, the result 50 uhtame
conclusive of failure of the article to
requirements of the test. @ °‘

Test Conditi

@}\

Adventitious mlcmb\%@wth that is
transmitted to an arﬁ-:Qllg; o inoculated test culture
media from the epy, ent during the course of a
sterility test invall dﬁ. the resulis of the test. Hence,
it is necessafy fhdemonstrate that the proper
precautions have been taken to exclude extranesus
micro-organisms throughout the test period.

The test should be carried out under aseptic
conditions in an area as free from contamination
s possible by the use of disinfecting agents,
ultraviolet lamps and air filters. Ultraviolet lamps
and disinfecting aerosols shouid not be used during
actual testing operation. The test tnanipulations
should be carried out in a clean roomm (class 10,000
under a laminar flow hood, with operators dressed
in sterilized, static-free clothing, including head- and
foot-wears. The air pressure in the testing room
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should be greater than that of the exterior area.
The performatce of the laminar flow hood should
be monitored by particulate count, settle plates, or
slit-sampling devices, and the performance of the
filters and ultraviclet lamps checked routinely.
Feguiar, simultangous contral test with known
sterile preparations are also advizable.

Culture Media

The culture media used for sterility tests for
bacteria and fungi should be capable ofsupporting
the growth of a wide variety of micro- isms,
with both aercbic and anaerobic gr
characterigtics, including the und in the
environment of the manufac operations.
More than one cultu will generally
be needed to fulfil m%s teria.

The followin,
suitable for the
Medium is
anaemb'

@m media have been found
r Sterility. Fluid Thioglycolate
ed primarily for the culture of
acteria but wiil also sustain the growth
acteria. Soybean-Casein Digest Medium

&ded primarily for the culture of aerobic
d% but will also sustain the growth of fungi.
A_ Freparation

Culbure media for the tests may be prepared as
described below, or dehydrated mixtures yielding
similar formulations may be used, provided that,
when reconstituted as directed by the manufacturer
or distributor, they have growth-promaoting
properties equal or superior to those obtained from
the formulae given herein. Media are sterilized in an
autoclave using a validated process.

. FLUDTHIOGLYCOLATE MEDTUM (FLUID

MERCAPTC ACETATE MEDILUM)
L-Cystine 05 g
Sodium Clloride 25 g
Dextrose Monofnydrate 55 g
Agar, granulated {moishure 75 g

content not in excess of
15 per cent)
Yeast Extract (water-soluble) 50 g
Parcregtic Digest of Casein 150 g
Sodium Thioglycolate 05 g
{or Thiogfyeotic Actd 0.3 ml)
Resezurin Sodium Selution 10 mi

(0.01 per cent w /v, freshly prepared)
Water 1000 ml
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Mix and heat until schition is effected. Adjust
the pH of the solution with sodium hydroxide TS so
thal, after sterilization, it will havea pH of 7.1 £ (0.2,
Filter while hot through a filter paper, if necessary.
Transfer the medium to suitable containers that
provide a ratio surface to depth of medium such that
not more than the upper half of the medium hasg
undergone a colour change indicative of oxygen
uptake at the end of the incubation period, and
sterilize ag directed above. 1f more than the upper
one-third of the medium has a pink colour, the
medium may be restored once by heating the
containers until the pink colour disappears.

When ready for use, not more than the upper
one-third of the medium in a container should have
a pink colour.

Use Fluid Thioglycalate Medium by incubating

it under aerobic conditions.

Il.  ALTERNATIVE THIOGLYCOLATE WMEDILK
{tor devices having tubes with small lumina)

L-Cystine 0.5 g
Sodiunt Chioride 25 g
Dextrose Monohydrate 55 g
Yeast Extrack (water-soluble) 80

Pancreatic Digest of Casein 15¢
Sodium Thisglycolate

{or Thioglycolic Avid (.3 mi) /%\
Wafer \d!

o
Mix and heat until solutiofyseffected. Adjust
the pH of the solution withstdhem hydroxide TS so
that, after sterilization, Nyl have a pH of 7.1 £0.2.

Filter, if necessary. gf}}om suitable vessels, and

ml

sterilize by ste. €T pressure {see Steam
Sterilization W@ “Slerilization™, Appendix 12}.
The med@s reshly prepared or heated on a

d allowed to cool just prior to use.
Do not reheat,

steam-ba

Use Alternative Thioglycolate Medium ina
manner that will assare anaerobic conditions for the
duration of the incubation period.

. SOYHEAN-CASEMN DIGEST MEDTIM

Pancreatic Digest of Casein 170 g
Papaic Digest of Soybean Meal 30 g
Sodinm Chioride 50 g
Dipotassium Hydrogenphosphate 25 g
Dextrose Monohydrate 25 g

Water 00 11l

(\\%
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Dissolve the solids with umier, heating slightly
to effect a solution. Cool the sclukion Lo room
temperature, and adjust the pH with soditm
hydroxide V5 so that, after sterilization, it will have a
pH of 7.3 £0.2. Filler, if necessary, and dispense into
suitable containers. Sterilize as directed above or by
a validated filtration process. Incubate under
asrobic conditions.

B. Properties and suitability

All the media to be used must eqmply with
the following tests, carried out on e tch
before or in parallel with the test e article being
exarnined.

(1) STERILITY lncub&éy\ﬁ’ﬁmns of the media
intended mainly fogg tion of bacteria at 30° to
35° and those inte $ y for the detection of
fungi at 20° to ot less than 14 days or by
incubating prtig ulated containers as negative
controls /% g a sterility test procedure. No growth
of micgorganisms ocours.
P GROWTHPROMOTION Inoculate duplicate
containers of each medium with 10 to 100 viable
icro-organisms listed in Table 1, and incubate
according to the conditions specified for it. The test
media are satisfactory if evidence of growth appears
within 5 days. This test can be conducted
sitnultaneously with the use of the media for sterility
lest purposes. However, the sterility test is
considered invalid if the sterility of the media or
this growth promaotion test is not successful.

(3 VALIDATION TESTS FOR BACTERIOSTASIS AND
FUNGISTASIS This validation is performed when the
test for sterility has to be carried out on a new
product or whenever there is a change in the
experimental conditions of the test. The validation
may be performed simultaneously with the test for
sterility of the product to be examined, but before
the results of this test are being interpreted. The
procedures are as follows:
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Table 1 Test Micro-organisma for Growth Promotion and the Validation Tesis

Medium Test Micro-organisms Incubation Incubation
Conditions  Temperature
Fluid Thioglycolate Medium  Staphidococcus aureus (ATCC! 6538, Aerobic 30% to 33°
DMST? 8013
Pseudomeonas aerugingsa (ATCC 9027,
DMST 155013+
Clostridium sporagenes (ATCC 11437,
DMST 15536}
Alternative Thioglycolate Clostridium sporogenes {ATCC 11437, Anaerobic  30%to 35°
Medium DMST 15536)*
Soybean-Casein Digest Bacitlus subbifis (ATCC 6633, DMST 3871) Aerobic o@n 257
Medium Candida albicans (ATCC 10231, DMST 5812) o

Aspergiltus niger (ATCC 16404, DMST 15538)

%\o

' An alterrative strain is Beciffus sutdilis (ATCC 6533, DMST 3871).
= pnalternative strain is Micrococcus [ntens (ATOC 9341, DMST 15500},
' Analternative strain is Secteroides rulpatus (ATOC 8482, DRAST 15335).

' ATCC = American Type Culture Collection
! DMST = Department of Medical Sciences, Thailand

Membrane Filtration Methed: Filter the test
specimen and rinse the membrane with minimam
of three 100-m! portions of the appropriate ringing
fluid. Inoculate the final rinse with less than 100

colony-forming units, for each appropriate minf%\@

organism specified in Table 1. Repeat the ri
procedure on another filter that has not b

exposed to the specimen under test. T will
serve as the positive control. Inc b@e filters
for not more than 7 days under ndition
indicated in Table [ and c{:ﬁ@ the growth,

rganizm in the test
arable to the growth

It the growth of ea
containers is visually
in the positive cgn se the same amounts of
article, mumber, alume of rinses, and medium
when cnmﬁgﬁg the sterility test. If the growth
of the test or@anisms in the test containers is not
visually comparable to that in the positive control,
the amount of article used 1s bacteriostatic or
Fungistatic. Repeat the test, using a larger tiumber of
rinses. Changes in the type of membrane filter used
and in the use of neutralizing agents, if available,
may reduce the antimicrobial effact of the article.

If five ringes, each of about 500 m, fail to neutralize
the antimicrobial residue on the test filter membrane,
proceed with the sterility test.

Dicect Inocuiation Mefhod: [noculate bwo
containers of each sterility test medium with less
than 100 colony-forming units, using the volume

e
&
S
uf%% m {see Table 3} for each appropriate
ivo-organism specified in Table 1. Add the
ecified portion of the article under test to one
of the inoculated containers of each medium.
The other inoculated container is the positive
control. Repeat the procedure for each approprate

micro-crganism, and incubate the containers at the
appropriate temperature for not more than 7 days.

If the growth of the test organisms in the
test container is not visually comparable to that
of the inoculated control container, the article is
bactertostatic or fungistatic. The use of a sterile
neutralizing agent, such as polysorbate 80, lecithin,
azolectin, or fHlactamase, may be apprapriate. [fa
neutralizing agent is not effective, establish suitable
increased volumes of medium. Use the smallest
volume of medium in which the growth of test
micre-organisms in the presence of the article is
not adversely affected. If the medium volume is
increased te 2000 ml and antimicrobial activity is
still present, proceed with the sterility test using
the 2000 ml of medium. Yolumes of medium greater
than 2000 m! may be needed for testing medical
devices to permit camplete immersion of the device.

Sampling of Test Specimens

Unless otherwise directed in the individual
monographs, test the number of articles specified
in Table 2. If the contents of each article are of
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sufficient quantity (sec Tables 3 and 4), they may
be divided so that equal appropriate portions are
added to each of the specified media. [f each article
does not contain sufficient quantities for each
medium, use bwice the namber of articles indicated
in Table 2.

Opening the Containers

Cleanse the exterior surfaces of ampoules and
closures of vials and bottles with a suitable
decontaminating agent, and gain access to the
contents in suitable aseptic manner. If the vial
contents are packaged wnder vacuum, admit sterile
air by means of a suitable stetile device, suchas a
needle attached to a syringe barrel filled with
nonabsorbent cotton,

For purified cotton, gauze, surgical dressings,
and related Pharmacopoeial articles, open the
package ar container aseptically.

Quantity of Article

When using the Membrane Filtration Method,
uniess otherwise specified elsewhare in this chapter
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ot in the individual monograph, use whenever
possible the entire contents of each container, but not
less than the quantities specified in Tables 3

and 4. When using the Direct Inoculation Method,
use the quanlhities indicated in Tables 3 and 4.

Incubation

Unless otherwise directed in the individual
monograph, incubate the test mixture for 14 days
with Fluid Thioglycolate Medium or Alternative
Thioglycolate Medium, where so indicated, at
30° to 35°, and with Soybean-Casein %est Meadium
at 20° 1o 25°. For products tcrmi.nbg\ erilized by a
validated moist heat process, L@h& e the test
specimen for not less than ?%ps, if the bMembrane
Filtration Method is use

Test fur%s@h’:ty of the Article

The test mpﬁ carried out using either
Method 1, Mewrane Filtration, or Method 11, Direct
Inocujat described below, taking into account

any n‘@Biﬁcatiuns described in the apprapriate
igh. Method [ is to be preferred whenever the

O}rﬁhﬂm of the article to be examined permits, that is,

Table 2 Minimum Number of Articles fo B@stc%l in Relation to the Number of Arficles in the Baich
0
AN\,

&
~

Number of Articles in the Batch o&w tumber of Articles to Be Tested

\S)
Injection / for Injections qo\\o
Not more than 100 articles o) * 10 per cent or 4 articles, whichever is greater
More than 1{H) but not mo 500 articles 10 articles
More than 500 articles 2 per cent or 20 articles, whichever is less
For large-volume pa@}bﬂals 2 per cent or 10 containers, whichever is less
Antibiotic Solid

* phapn tbg.llk packages (<5 g)
. phm@ﬁxs}-’ bulk packages (= 5 g}
. % and blends
Products-Not Infended for Injection
ot more than 200 arkicles
More than 200 articles
Blerices
ot more than 100 articles
More than 100 but net more than 500 ardcles
More than 500 articles
Seild Bulk Products
Up o 4 containers
More that 4 bt not more than 50 containers
More than 30 containers

20 containers
6 containers
See Solid Bulk Pmd_ufts

5 per cent or 2 articles, whichever is greater
10 articles

10 per cent or 4 articles, whichever is greater
10 articles
2 per cent or 20 articles, whichever is less

Each container
20 per cent or 4 containers, whichever is greater
2 per cent or 10 containers, whichever is greater
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Table 3 Quantities of Article for Liquid Products*

i0.1 STERILITY TEST 7

Minimumm Volume, in ml, of Each Medium
Container Content | Minimum Volume Taken | Used for Direct Inoculation  Used for Membrane or Half
{ral} From Each Product of Volume Taken from Membrane Representing Total
Container for Each Each Container** Required Volume from the
Medium Approprizte Number of
Containers
Less than 10 1 ml, or entire contents if
less thany 1 mil 15 100
10 to less than 50 5 m! 40 1006
50 to less than 100 10ml &0 1 Qb
50 to less than 100, 1/2 content 200 o@
intended for \o
infravenous db\o
administration S Qr\
100 to 500 1/2 content NA 2 100
Onver 500 500 ml MA @ 160
Antibiotics (liquid} 1ml MA A\f\@ 100
* Consthute powder products according to the manufacharer s instructions, and IJ'pﬁ\Ra\tas tiquid produets,

** For products that cannat be tested by the membrane fillration test procedure,

*** Not applicable
2
Table 4 Quantities of A 'a%or Solid Products
Minimum Quantity Tafk} . . .
) Minimum Voheme, in mi, of Each Medium
Container Content from Each C @r : : .
for Each Sm Crirect Inoculation® Membrane Filtration
Less than 50 mg WhoRxontent 200 100
50 mg or more to less than I-{%tﬂw content 200 100
20 mg o @ >
200 to less than 300 mg o,fb 100 mg 200 100
300 to 600 mg rc\ 200 mg pikl] 100
More than 600 mg \éo 200 mg 00 100
Antibiotic solids N
tor injectiony( 150 mg 200 100
for injecti S00 mg 200 JLLY
phafisiady bulk 200 100
pa:lz\%es {=5g)
bulks and blends See Table 2
Surgical dressings, cotton, 100-mg portion iy NA™
gauze (in packages)
Sutures and other Whaote devices Mot more than 2000 NA
individually
packaged single-use
materials
Other medical devices Whaole devices Mot more than 2000™ MNa
{Cut in pieces ot
disassembled)

*  For preducts that cansot he tested by the membrane flbration test procedure.
** Unless the device is bulky and more than 2000 ml is needed to submerge the device in the medium.

=+ Mot applicable,
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for filterable liquids and for those miscible with, ar
soluble in, aqueous or oily sclvents that do not have
an antimicrobial effect under the condilions of the test.

Method I: Membrane Filtration The sterility
testing of the articles should be performed when
feasible by membrane filtration of the test specimens.
This procedure is applicable in the sterility testing of
non-bacteriostatic or non-fungistatic liquids or soluble
powders, and is particularly appropriate where the
article is an oil, an ointment, or a cream that can be put
inty solution with non-bacteriostatic or non-fungastatic
dilution fluids or solvents. The membrane filtration
technique is suitable also in the sterility testing of
liguids and soluble powders that possess inhetent
bacteriostatic or fungistatic properties. Certain devices
also may be appropriately tested for sterility of the
¢ritical pathways by the membrane filtration techruque.

Strict aseptic precautions are needed in the
manipulations of the tests; the frequent use of
negative controls is highly recommencded.

Apparatus A suitable unit consists of a closed
reservoir and a receptacle between which a properly
supported membrane or membranes of appropriate
porosity is {are) placed. A membrane generally
suitable for sterility tesiing has a nominal porosity
of not greater than .45 P, and a diameter ¢b
approximately 47 mm. Cellulose nitrate filt @
for example, are used for agueous, oty @akl}r
alcohalic solutions and cellulose acetate Glters,
for example, for strongly aleoholic @mgmns.

The membranes having hyd c edges or low
product binding characteris, at minimize
inhibitory product remdu@ia}f be needed for certain
products, e.g. for antikdedts. The apparatus must be
so designed that s&@ion to be examined can be
introduced a%%red under aseptic conditions and

't must pers{rihe removal of the membrane for
\ransfer e culture medium ar be suitable for
carrying out the incubation after adding the culture
medium to the apparatus itself. The entire unit may
be assembled and sterilized with the membrane(s) in
place prier to use in the test, or the membranes may
be sterilized scparately by steam under pressure, or
by any method that yields proper performance.

Where the article to be tested is an oil, sterilize
the membrane separately, and after thorough drying,
asserble the unit, using aseptic precautions.

Dissolving, diluting and rinsing fluids The

following fluids are ta be used for dissolving,
diluting or rinsing articles under tests for sterility.
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They must be sterile and do not have antibacterial
or antifungal properties.
FLUID A Dissolve 1 g of either peptic d:gest

of animial tissue oriment peplonie in
whter to make 1000 ml, filter or
centrifuge to clarify, if necessary.
Adjust to a pH of 7.1 £ 02, dispense
into containers, and sterilize in an
autoclave using a validated process.

FLUID B  Prepare Fluid B by adding 1 g of
polysorbate 80 to eachylitre of Fluid
A. AdjustropH 7.1 , dispense
into flasks, and st in an

autoclave usin lidated process.

FLUM{  Dissolve e:ther peptic digest of

M or meaf peplone, 3 g of

lm)g;? t and 10 g of polysorbate

water to make 1000 ml, filter
%cenmfuge to clarify, if necessary.
@ Adjust to a pH of 6.9 0.2, dispense

Qb inta Aasks, and sterilize in an
autoclave using a validated process.

C
&FLUID D Adjust, if necessary, the pH of

isppropyl myristate to be used as
Fluid D to not less than 5.5, and
sterilize by filtration through a
0.22-pm membrane filter. Fluid D
must also be free from antimicrobial
properiies.

Generally, Fluid A is used for dissolving
water-soluble solids, for diluting before filtration the
liquid article miscible with aqueous vehicles, and for
washing the membrane({s} by filtering through the
latter thereafter. If the article under test contains
lecithin or oil, substitute Fluid B for Fluid A,

Fluid C is used for rinsing or washing of the
fillration membrane(s), in case the article under test
contains petrolatum.

Fluid I iz used to dissolve or dihite aintmernts
and oils soluble in isopropyl myristate.

Procedure Either one or hwo filtering units may
be used, and, after filtration, the membrane half, or
the whole membrane, is transferred to each of the
medium used.

(A} LIQUIDS Aseptically fransfer a small
quantity {sufficient to moisten the membrane) of a
suitable, sterile diluting Auid (Fluid A or Fluid B)
onto the membrane and filter, Remove liquids from
test containers of the article being examined with
a sterile pipette or with a sterile syringe and needle.
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For each medium to be used, transfer to a membrans
not less than the quantity that is prescribed in Table
3, if necessary after diluting to about 100 ml with a
suitable sterile diluting fluid. Fiiter immediately.

{1f the article is a viseous liquid or suspension not
adaptable to rapid fillration, aseptcally add a
sufficient quantity of diluting fluid to the pooled
specimen bo increase the flow rate.) In case the
liquid being tested has antimicrobial properties, or
containg a preservative, use Fluid A, or Fluid B and
proceed as directed for Membrane Filirafion Method
under Validation Tests for Bacteriostasts and Fungistasis,
but exclude inoculation of the final ringe with

challenge organismes.

Either transfer a membrane bo each of the
culture media wsed, or transfer each medium onto a
membrane in the apparatus, and seal the apparatus
so that the medium remains on the membrane.

Alternatively, transfer the combined quantity of
the article being examined for both media to the
membrane, diluting if necessary, filtering and
washing as above. Aseptically remove and cut
the membrane into two approximately equal parts
and transfer one of them to sach medium used.

Incubate the media for not legs than 14 days
unless otherwise prescribed in the monograph,
at 20° to 35° in the test intended to dekect bacte
and at 20° to 25° in the test intended to de :m@hgj,
In some cases, where the liquid is highly vi€deus and
not readily filterable through one or mbranes,
more than two filter assemblies mh neaeded. In
such cases, half the number of Y]
incubated in each medium, cded that the
volurnes and mquiremepﬁ?@t numbers of containers
per medium are comﬁbd ith.

@ OIS ANBIONSOLUTIONS For each medium,
use not less th quantity of the article being
examined, thakis prescribed in Table 3, if necessary
after diluting to about 100 ml with Fluid D. Oils or
oily solutions of sufficlently low viscosity may be
filtered, with or without ditution, through a dry
membrane. Viscous oils may be diluted as necessary
with Fluid D. Allow the oil to penetrate the
membrane and filter, applying pressure or suction
graduvally. Wash the membrane by filtering through
it at least two successive quantities, gach of
approximately 200 m], of Fluid B, and then wash
with 100 ml of Fluid A. Complete the test described
under Liquids, except that the sterility test medium
to be used contains 1 g of polysorbate 80 per litre,

&

anntain sterile pathways may be tested for sterility
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{C) SOLUBLE SOLIDS For each medium, dissolve
not less than the quantity of the article being
examined that is preseribed in Table 4 in a suitabie
sterile fluid such as Fluid A and carry out the test
described under Liquids using a membrane or
membranes appropriate to the chosen fluid.

{0 QINTMENTS AND CREAMS For each medium,
dissolve not less than 100 mg from gach of nat less
than 20 containers in at least 100 m! of Fluid D,
warmning if necessary, to not more than 40°. In
exceptional cases it may be necessary tg heat to not
more than 45°. Use warm solutions fo Qéshing.
Filter as rapldly a5 possible and c;@ the test as
described under Qils and Oily S% jons.

If the article under test
Fluid C in place of Fluid PNfot washing and moisten
the menmbrane(s) with @pproximately 200 i of Fluid
C before the filtraly eration begins, and keep the
membrane(s) cowgred with liquid throughout the
filtration opetgtion for maximum efficiency of the
filter. F ’}mg filtration of the specimen, wash the
mwh@‘e 5] with three 100-ml portions of Fluid C.
we test membranefs) as directed above.

(E}

s petrolatum, use

DEVICES Devices that are required to

by the membrane filtration technigque as follows.

Aseptically pass a sufficient volume of Fluid B
through each device tested so that not less than
100 ml i recovered from each device. Collect the
flrids in sterile containers, and filter the entire
volume collected throngh membranefs) as described
under Liguids.

Method IL Direct Inoculation For each
medium, use the quantity of the article being
examined that is prescribed in Table 2. Eliminate
any antiricrobial properties as previously described
for Direct Tnocutation Method under Vatidation Tests for
Bacteriostasis and Fungistasis. Transfer the arficle
directly into the culture medium so that volume of
the product is not more than 10 per cent of the
volume of the medium, unless atherwise prescribed.
(A larger volume may be required if antimicrobial
properties are eliminated by dilution.) For those
Hquid articles where it is necessary to use a large
viume of the article being examined, it may be
preferable to use a concentrated culture medium
prepated in such a way that it takes account of the
subsequent dilution. In appropriate cases the
concentrated medium tmay be added directly to the
athicle in its container.
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ra) LIDUIDS Unless otherwise ditected in the
individual monograph, test 20 units of the arkicle
with each medium. Sterility tests are applied to
individual discrete units or to composites of such
units,

For liquid articles from each unit, use not less
than the volumes of article and medium specified in
Table 3. If the contents are of sufficient quantity, they
may be divided so that portions are added to the two
specified media.

Remove liquids from test containers with a
sterile pipette or with a sterile syringe and needle.
Aseptically transfer the specified volume of the
material from each test container to a vessel of
culture mediurm. Mix the liquid with the medium,
but do not aerale excessively. Incubate in the
specified media for not less than 14 days.

Where the material being tested renders the
medium turbid, so that the presence or absence
of microbial growth cannot be determined readily
by visual examination, transter suitable portions of
the medium o fresh vessels of the same medium
between the third and seventh days after the test

is started. Continue incubation of the original and Q

of the transfer vessels for not less than 7 additional
days after the transfer and for a total of not ]%\ 3
14 days.

{B) GiLY LIQUIDS For oily liquids edia
to which have been added 1 per ce W' of
polysorbate 80 or another suifs ?ﬁ\ﬁisi fying agent
in an appropriate concentratifndshown not to have
antimicrobial properties &Eg& the conditions of the
test. Proceed as d'u'e-:rqo der Liquids.

Aerobic culm%}mtaining aily liquids should
be shaken geptldach day during the incubation
period. o

) @ITMENTS ANDHOILS INSOLUBLE TN ISOPROPYT.
MYRISTATE Select 20 containers, assign them to two
groups of 10 containers, and treat each group as
follows. Aseptically transfer 100 mg from each of the
10 containers to a flask containing 200 mi of a sterile,
aqueous vehicle capable of dispersing the test
material homogeneously throughout the fluid
mixture. (The choice of dispersing agent
incorporated in the aqueous vehicle may differ
according to the natura of the ointment or oil. Before
use, test the dispersing agent to ascertain that in
the concentration used it has no significant
antimicrobial effects during the time interval for
all transfers, using the test procedures set forth in
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Dijrect Inoculation Method under Vafidation Tests for
Baclerioslasis and Fungistasis) Mix 20 ml of the fluid
mixture 50 obtained with 200 ml of medium, and
proceed as directed under Ligquids.

D) INSOLUBLE s0LIDS Transfer a quantity of the
product in the form of a dry solid (or prepare a
suspension of the product by adding sterile diluent
to the immediate container), corresponding to not
less than the quantity indicated in Table 4. Transfer
the material so obtained to 200 ml of Fluid
Thioglycolate Medium, and mix. Simika Ly, transfer
the same quantity to 200 ml of Suy@sem Dheest
Mediiane, and mix. Proceed as difacted under
Liguids. \éo

{£) COTTON, GAU. ICAL DRESSENGS, AND
RELATEDARTICLES EepfQeach package of cotton,
rolled gauze, or gawzédbandage being tested, remove
with sterile i ﬁlﬁnts two or mere portions of 100
to 500 mg glcNFom the innermost part of the
sample individually packaged single-use
ma % such as gauze pads, remove a single

@.’c} T of 250 to 500 mg or the entire article in the
e

op?

of small, i.e,, 25- by 75-mm or smaller, adhesive
absorbent bandages.

Aseptically transfer these portions of the arficle
to the similar number of containers of each medium,
and inculrate them as described above.

{Fy SLTURES Place five containers of the sutures
being examined in a suitable antimicrobial selution
containing crysfal violet or another suitable dye, for
not less than 3 hours. Remove with sketile forceps,
and if the containers show no evidence of leakage,
hold under aseptic conditiuns prior to testing.

Open the containers asephcally, and with sterile
instruments transfer sutures to separate containers
of appropriate media. Incubate thern as described
above for not less than 14 days.

Carry out also the test for the presence of
antimicrobial activity in the suture being examined
and ensure the reutralization of any inhibitory
effects which, for catgut and other subhires, may be
due, in part, to the methods of sterilization used or
to the constituents of the tubing fluid.

(G) STERILIZED DEVICES Articles can be
imrmersed intact or disassembled. To ensure that
device pathways are also in contact with the media,
immerse the appropriate number of units per
medium in 2 volume of medium sufficient to
immerse the device completely, and incubate them
as described above for not less than 14 days.
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For catheters where the inside lumen and
oulside are required to be sterile, either cut them into
pieces such that the medium is in contact with the
entire lurnen or £l the lumen with medium, and
then immerse the intact unit,

For extremely large devices, immerse those
pottions of the device that are to come into contact
with the patient in a volume of medium sufficient to
achieve complete immersion of those portions.

Observation and Interpretaticn of Results

Al intervals during the incubation period and at
its conclusion, examine the contents of all of the
vessels for macroscopic evidence of microbial
growth, such as the development of turbidity.

If no evidence of growth is found, the material
tested meets the requirements of the test for sterility.
It evidence of microbial growth is found, and
confirmed microscopically, the material test fails to
meet the requirements of the test for sterility, uniess
it ¢an be demonstrated that microbial growth
ghserved in the test was due to inadequate aseplic
sampling and testing technique rather than to
intringic contamination of the article, the test is
invalid and must be repeated. [f microbial growth

is not observed, the material tested meets the
requirements of the sterility test. If microbial gr%@

is observed and confirmed microscopically. %
matenial tested does not meet the require 5
of the sterility test. No
A
s
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Pp- 476438, 679
™\
Change to read: Qb

J
10.2 M@IAL LIMIT TESTS
o,

The hazgP of microbiological contamination in
non-sterile pharmaceuticals has been weil realized,
especially in these products of vegetable, animal and
mineral origins and in those which lack goad
manufacturing practice (GMP). This chapter,
therefore, provides tests for the estimation of the
riumber of viable aerobic micro-organisms present
and for freedom from designated microbial species,
both aercbic and anaerobic, in pharmaceutical
products of all kinds. An alternative or automated
method, however, may be substitubed for the tests
presented here, provided it has been properly
validated as giving equivalent or better results.

The altermative method is considered invalid if the

10.2 MICROBIAL LIMIT TESTS 1l

results of a control test carried out on the substance
being exarnined using the number and type of
organism specified in the tests below do not indicate
the presence of the added organism, which was
intreduced by direct incculation of the control
prepatation.

I the following, the term “micro-organism™
is covering bacteria and fungt only; the term
“pharmaceuticals”" means pharmaceutical
products of any kind, from raw materials

to the finished forms; the term powth” is
used to designate the presen
presumed profiferation of micro-
OrEANISINS. \éo
In preparing for and i ying the tests,
precautions in handli amplis should be taken

s0 as to aveid the ac i contamination

of the product amr@\e samples being examined,

as well as the iNadvertent suppression of the growth
of any migr@dganisms which should be revealed in
the test

C.
oé} Buffer Solution and Media

Cultuve media may be prepared as follows, or

Qdehydrated culture media may be used if they have

similar or comparable nutritive and selective
properties for the micro-organisms to be tested for.

In preparing the media according to the
forrmulae set forth herein, dissolve the soluble solids
in the water, using heat, if necessary, to effect
complete solution, and add other ingredients. Add,
if necessary, a sohution of hydrochleric acid or
sodium hydroxide in quantities sufficient to yield the
desired pH in the medium when it is ready for use.
Determine the pH at 257 £ 27,

Where agar is called for in a formula, use
agar that has a moisture content of not more than 15
per cent.

Linless otherwise indicated, the bulfer solution
and media should be dispensed and sterilized by
heating in an antoclave at 121° for not less than
15 minutes, depending on the volume to be
sterilized. Store under refrigeration.

BUFFER SOLUTION
Buffered Sedium Chlonde-Peptone
Solution pH 7.0
Potassium Dihydrogenphosphate 356 g
Disodivm Hydrogenphosphate
Heptahydrale 1082 ¢
Sodiwm Chioride 430 g
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Peptone, Dried 1.0 g
Water 1000 ml

0.1 per cent w /v to 1.0 per cent w /v of
pifysorbate 20 or 80 may be added.

pH after sterilization: 7.0 £ 0.1

MEDIA

L Fluid Casein Digest-Soy Lecithin-
Polysorbate 20 Medinm
Pancreatic Digest of Casein 200 g
Soy Lecithin 50 g
Polysorbate 20 a  ml
Water 96 ml

Dissolve pancreatic digest of casein and soy lecithin
in 960 ml of water, heating in a water-bath at 48° to
50° for about 30 minutes to effect solution. Add
40 ml of polysorbate 20. Mix and dispense as desired.

il Soybean-Casein Digest Agar Medium
Pancreatic Digest of Casein 150 g
Papaic Digest of Soybean Meal 50 g
Sodium Chioride il g
Agar 150 g
Water 000 m

Media. o @

pH after sterilization: 7.3 +0.2. @

IEL Fluid Soybean-Casein Digest@lm
17.0

Pancrentic Digest of Casein_No g
Papaic Drgest of Soybeg"‘! o 30 g
Sodium Chioride f@ 50 g
Dipotassium Hydy hosphate 25 g
Drextrose Mon 25 g

1HE ol

™
Prepare ab & QQEC]. under Buffer Solution and
Media,

O,
pH {ffur Sterilization: 7.3 2 0.2.
Iv. Mannitol-Salt Agar Medium

Water

Pancreatic Digest of Casein 30 g
Papaic Digest of Antmal Tizsue 50 g
Beef Extract 1.0 g
Mannitol 100 g
Sedivm Chioride PRI
Agar 150 g
Phenol Red B0 g
Water 1000 ml

Mix, then heat with frequent agitation, and
boil for 1 minute to effect solution.

pH after sterilization: 7.4 = 0.2

| db _

Prepare as directed under Buffer Solution and Q
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V. Baird-Parker Agar Medium
Pancreatic Digest of Casein 100 g
Beef Extract 50 g
Yeast Extract 10 g
Lithium Chipride 50 g
Agar 200 g
Glycine 120 g
Sodium Pyrumate 100 g
Water 950  ml

Heat with frequent agitation, and boil for
1 minute. Sterilize, cool to bebween 45° and 50°, and
add 10 ml of a sterile 1 per cent w/ tion
of potassium tellurate(IV) and 50 epg-yalk
emulsion. Mix intimately buk y, and pour
into plates. db

pH after steri]i@ti%\r:\ﬁ.ﬂ +0.2.

Preparation ﬁh&@egg—}rulk emulsion: Pisinfect
the surface of vﬁ@e shell eggs, aseptically crack
the eggs, separate out intact yolks into a sterile
graduate\gylinder. Add saline TS to obtaina3to?
g-yolk to saline. Add to a sterile blender

ratl
%&d mix at high speed for 5 seconds.

Vogel-Johnson Agar Medium

Pancreatic Digest of Casein 100 g
Yerst Extrat 50 g -
Marnmitol 100 g
Dipotassium Hydvopenphosphate 50 g
Lithtirm Chioride 50 g
Glycine 100 g
Agar 160 g
Phenol Red 250 mg
Water 1000 ml

Boil the solution of solids for 1 minute. Sterilize,
cool to between 45° and 50°, and add 20 ml of a
sterile 1 per cent w/v solution of potassium
tefluratert s,

pH after sterilization: 7.2+ 0.2,

VIN. Cetrimide Agar Medium

Pancreatic Digest of Gelatin 200 g
Magnesium Chioride 14 g
Potassium Sulfate 10t g
Agar 136 g
Cetrimide 03 g
Glycerol 0.0 ml
Water 1006 ml

Dissolve all solid compoenents in water, and add
ghyeerol. Heat, with frequent agitation, and boil for 1
minute to effect solution.

pH after sterilization: 7.2 +0.2
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¥II. Pseudomonas Agar Medium for

Detection of Fluorescin

Pancreatic Digest of Casein 100 g
Peptic Digest of Animal Tissue 100 g
Dipotassium Hydrogenphosphate 1.5 g
Magnesium Sulfate 15 g
Agar 150 g
Glycernl 100 ol
Water 1000 ml

Dissolve the solid compenents in awter before
adding glycerol. Heat, with frequent agitation, and
boil for 1 minute te effect solution.

pH after sterilization: 7.2 £ 0.2,

IX. Psenrdomonas Agar Mediwm for

Detection of Pygcyanin

Pancreatic Digest of Gelatin 200 g
Magnesium Chioride o g
Potassivin Sulfate 100 g
Agar 150 g
Glycerof 10.0 ml
Water 1000 ml

Dissolve the solid components in water before
adding glycerol. Heat, with frequent agitation, and
boil for 1 minute to effect seluton.

pH after sterilizatton: 7.2 £ 0.2

X. Fluid Lactose Medinm
Beef Extract
Pancrentic Digest of Gelatin -
Lactose ol g
Water °f’$mm m]

o
Coal as quickly as possib}%q&gsr sterilization.

pH atter sterilizatim};\ﬁé& .2,

XL Ra ppapuﬂ*{@liadis Broth
Saya Pe;ﬁ’ 4.5

&
Sod iy (hloride 50 g
Dip?@si ut Phosphate 04 g
Potassium Dikydrogenphosphate 0.6 g
Magnesium Chioride 290 g
Matuchite Green 30 mg
Water 1000 ml

Mix and heat to effect solution.
pH after sterilization: 52 £0.2.

XIE. Fluid Tetrathionate Medium

Pancreatic Digest of Casein 25 g
Peptic Digest of Animal Tissue 25 ¢
Bile Salts 1.0 g
Calvium Carbonzie 1.0 g
Sodium Thiosulfate 300 g

>

& % /N
75
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Water 10 ml

Heat the solution of solids to boiling. On the
day of use, add a solution prepared by dissolving
5 g of potassium iodide and & g of ipdine in 20 ml
of water. Then add 10 ml of a 0.1 per cent w/v
soilution of brilliant green, and mix. Do not heat the
medium after adding the brilliant green sclution.

pH after sterilization: 7.0 + 0.2,
XIH.  Brilliant Green Agar Medium

Yeast Extract 30 g
Peptic Digest of Animal Tissue D g
Pancreatic Digest of Casein O\ 50 g
Laciose 00 g
Sodium Chloride db\éo 50 g
SucTose ~\ 100 g
Phenot Red eabQ 800 mg
Agar 00 g
Brilliant G%n 125 mg
Wat Q 1000 ml

Bl @é%iutiun of solids for 1 minute. Sterilize
juslpri use, Melt the medium, pour into Petri
disk€sdand allow to eool.

H after sterilization: 6.9+ 0.2,
Xylose-Lysine-Desoxyrhaolate Agar

Medium

Xylose 35 E
L-Lystne 50 g
Lactese 75 g
Sucrose 75 g
Sodinm Chloride 50 g
Yeast Exfract 3 g
Agar 125 g
Sodium Desoxycholate 25 g
Sodium Thiosulfate 68 g
Ammonium Ironiiy Cikrake 0E g
Ehenol Red 800 mg
Water 1000 ml

Heat the mixture of solids and water, wilh
swirling, just to the boiling point. Do not overheat or
sterifize. Transfer at once to a water-bath mantained
at about 50°, and pour into plates 2 soon as the
medinm has cooled.

FinalpH: 74 0.2,
XY. Bismuth Sulfite Agar Medium

Beef Extract 54 g
Pancreatic Digest of Casein 50 g
Peptic Digest of Animal Tissue 380 g
Dextrose Monohydrate 50 g
Disadium Hydrogenphosphate 40 g
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Hepiahydrate
frowgl) Sulfafe 03
Bismuth Sulfite Indicatar 3.0
Agar 200
Brilliant Green 250
Water 1000

Heat the mixture of solids and water, with
swirling, just to the boiling point. Do not overheat or

sterilize. Transfer at once to a water-bath maintained
at about 50°, and pour into plates as soon as the

tredium has cooled.
Final pH: 7.6 £ 0.2,

X¥L

Triple Sugar-Iron-Agar Medium

Pancreavic Digest of Casein 10.0
Pancreatic Digest of Animal 10.0
Tisshie

Lactose 10.0
Sucrose 10.4
Dextrose Monohydrate 140
Ammoniurt Troniith Sulfate 02
Soditem Chiloride 5.0
Sodium Thiosulfite 0.2
Agar 13.0
Phenol Red 25.0
Water 10060

g

&

g
mg
ml

e

Prepare as directed under Buffer So{uticrn%&

Medta,

pH after sterilization: 7.3 +0.2.

XViL

Do
Fluid Enterobacteria.jt@ nt
>

Medium

Pancreatic Digest é&’&bﬂtin 10.0

Dextrose Moo fe 3.0

Dehydrated fe 20.0

Potassi %lydmgenphﬂsphate 3.0

Dfm%@fydmgmphospham

O, D¥ydrate 8.0
fiant Green 15.0

Water 1000

%@

I R

E
mg
mil

Mix and heat at 1007 for 30 minutes to sterilize
and cool immediately. Do not autoclave.

Final pH: 72+ 0.2,

XVIIL

Crystal Violet-Neutral Red-Bile-Dextrose

Agar Medium

Yeast Extract a0
Pancreatic Digest of Gelatin 7.0
Bile Salis Mixiure 1.5
Lactose 100
Soditem Chloride LX)

Dextrose Monohydrate 10.0

modq om0 M O%
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Agar 150 g

WNeubral Ked 0 mg
Crystal Violet 20 mg
Water 1000 ml

Mix anid heat to boiling. Do not overheat or
sterilize. Transfer at onice to a water-bath maintained
at about 30°, and pour into plates as soon as the
medium has cooled.

Final pH: 74 +0.2.
XIX.  MacConkey Agar Medium

Pancreatic Digest of Gefalin Qb 170 g
Pancreatic DigestﬂfCaszfno& 15 g
Peptic Digest of Animalqide 15 g
Lactose %\}o 100 g
Bile Salts Mixtune\ 15 g
Sodium Chigsi> 50 g
Agar 135 g
Neudr W00 mg

Crtar Violet 10 mg
W ml

Q?the mixture of solids and water for
f:ﬁnutﬂ to effect solubion.

pH after sterilization: 7.1 £0.2.

Q XX, Levine Eosin-Methylene Blue Agar

Medium

Pancreatic Dizest of Gelatin 100 g
Diipotassium Hydrogenphosphete 20 g
Agar i%0 g
Lactase 1.0 g
Eosin Y 04 g
Methylene Blue 650 mg
Water 1000 ml

Digsolve pancreatic digest of gelatin, dipotassum
hydrogenphosphate and agar in water, with warming,
and allow to cool. Just prior to use, liquefy the
gellad agar solution, add the remaining ingredients,
as solutions, in the following amounts, and mix: for
each 100 ml of the liquefied agar solution--5 ml of a
20} per cent w /v soluticn of laclose, 2 ml of a
2 per cent w/v solution of eosin ¥, and 2ml of a
(.33 per cent w/v solution of methylens biue.

The finished medium may not be clear.

pH after sterilization: 7.1 + 0.2,
XX, Sabouraud Dextrose Agar Medium

Dextrose Momohydrate 400 g
Mixture of Equal Parts of Peplic

Digest of Anirmal Tissue and

Pancreatic Digest of Casein 100 g
Agar 150 g



TP SUPPLEMENT 2005

Witer 1060 b

Mix and boil to effect solution.
pH after sterilization: 5.6 +0.2.

¥Xla. Sabouraud Dextrose Agar Medium with

Antibiotics
Dextrose Monoftydrate 400 g
Mixture of Equal Parts of Peptic

Digest of Animal Tissue and

Pancreatic Digest of Casein 100 g
Agur 150 g
Water 0 ml

Mix and boil to effect solution. Immediately
before use, add 0.10 g of benzylpenicillin sodinm and
0.10 g of tebracyctine per litre of medium as sterile
solutions ot alternatively, add 50 mg of
chivramphenicol per litre of medium before
sterilization.

pH after sterilization: 5.6 £0.2.

XXII.  Potato Dexirose Agar Medium

Cook 300 g of peeled and diced potatoes in
500 ml of water prepared by distillation, filter
through cheesecloth, add water prepared by
distitlation to make 1000 ml, and add the following:
Agar 150 g
Dextrase Monohiydrate

Disselve by healing and sterilize. o$

pH after sterilization: 5.6 =0.2. fa\

For use, just prior to pouring the p adjust
the melted and cooled to 45° medw 2 sterile

10 per cent w/v solution of mrmg%d to apH af
3.5 £0.1. Do not reheat the pb%\ rediun.

XXIIL Cooked-Meat M\Bo.am
Part [
Beef He%@ free) 4540 g
1 Mgl Hydroxide 25 ml
Wat 1000 ml

Mix ground beef heart with 1000 ml of water and
add 25 mi of 1 M sedivm hydrovide. Heat to boiling
and simmer for 20 minutes with frequent stirring.
Cool and check the pH, which should be about 7.2;
adjust it if necessary. Filter through several tayers of
gauzre; squeeze out the excess of liquid. Spread the
meat particles to partially diy and place in suitable
vESSels,

Part 11

Filter the fluid obtained from part ! through
three pieces of coarse filter paper ta clarify. Then

2.0 5>@@
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filter through one piece of finer filter paper
(Whatman No.l or equivalent is suitabla). Digsolve
the following ingredients in the filtrate:

Peptic Digest of Amimal Tissue 200 g
Dextrose Monghydrake 20 g
Sadiem Chioride 50 g

and adjust the volume to 1000 ml with wwater. Add
the fluid te the vessels, using about four to five parts
of the fluid to ane part of the meat.

pH after sterilization: 7.2 £ 0.1,

XX1V. 5 Per Cent Defibrinated Shee orod

Agar Medium (Blood Apar m}

Heat Soybean-Casein Digest Medium
(Medium 1) and cool to 45" to 383 a water-bath,
Add sufficlent amount of d ted sheep blood
to make 5 per cent and Q

XXV.  Fluid T’hwlate Medium (Fluid
Mercap,t{ tate Medium)

L Cy 05 g

5 Chioride 25 g

trase Monohydrnte 55 g

pf} Agar, granulated 075 g
Oé Yeast Extract 530 g
db Pancreatic Digest of Casein 150 g
Sodiuvme Thivglycofate 0y g

{or Thinglycolic Acid (3.3 mi)
Resazvrin Sodinme Solufion (0,01 per cent
w /v, freshly prepared) 1.0 ml
Whater 1000 mf

Frepare as directed under Buffer Sofufion and
Media,

pH aftersterilization: 7.1 0.2,

AXVI Iron-Milk Mediem, Modified
Fresh Whole Mk 1060 mb
Ironii} Sulfate 10 g
Water 0 ml

Digsolve ireneill suifate in 50 ml of water and add
slowly to 1000 mi of fresh whole milk while mixing
with a magnetic stirrer. Dispense 11 m! of the fron-
Mitk Medium into a 16-mm x 150-mm culture tube
and sterilize. Prepare fresh medium for each use.

XXVIL. Egg-Yolk Agar Medium

Peplic Digest of Animal Tissue 4040 g
Lvisadium Hydrogenphosphate

Dibydrate 30 g
Potassium Dihydrogenphosphate 10 g
Sodium Chioride 20 g
Magnesium Sulfate a1l g
Dextrose Monohydrate 20 g
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Agar 250 g
Water 13 ml
Heat with frequent agitation, and boil for 1

rainute. Sterilize in the autoclave for 20 manutes at
1217 and cool to 50°. Add 100 m! of egg-yolk
emulsion. Mix thoroughly and pour into plates.
{Prepare the egg-yolk emulsion as described under
Baird-Parker Agar Medium {(Medium V) except
using a rakio of egg-yolk to szline TS of 1:1))

pH after sterilization: 7.6 £0.2.
XXVIEL. MacConkey Broth

Pancrentic Digest of Getatin 00 g
Lactose 100 g
Dehydrated ox bile 50 g
Bromoeresol Purple 1 mg
Water 1000 ml

Prepare as directed under Buffer Solution and
Media.

pH after sterilization: 7.3 £0.2.
%XIX. Reinforced Medium for Clostridia
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XXX, Columbia Agar

Pancreatic Digest of Casein 100 g
Peptic Digest of Animal Tissue 50 g
Heart Pancreatic Digest 0 g
Yeist Extract 50 g
Maize Starch 10 g
Sodium Chioride 50 g
Agar, according to gelling power 100 t0
150 g
Water 1000 ml

Hydrate the agar, and dissclve by heating to
boiling with continuous stirring. St lﬂé&, cool to
between 45° and 507 and add, w Cessary,
gentamicin sulfate cﬁﬁespon@ mg of
gentamicin base. Pour int 1 dishes.

pH after sterilizafi L Y.3: 02
X

Test for Nutrili Selective Properties of the
Media and Valithty of the Test tor Specified Micro-
NIganis

Qﬁach medium for its nuiritive and selective

Beef Extract 100 g rtics and for the validity of the test for
Peptone 100 g ecified micro-organisms, as well as for the
Yeast extract 3.0 8 antimmicrobial agent{(s) in the material being
Saluble Starch 1.0 g Q examined, as follows,
Dc:rtn_:rse Munuhi?m_:: 5&3@ Grow the following test strains (Table 1)
CFS?EI"E fiydrrar: orice \ separately in tubes containing the indicated media at
Sﬂdx.um ['memie ra\ ' 30" to 35° for 18 to 24 hours for aerobic bacteria and
iﬂdmm Acetate No gg 8 at 35° to 37" for up to 4 days for anaerobic bacteria.
ar
g o @ > 8 Dilute portions of each of the cultures using
Wirter 1000 ml
~d _ Buffered Sodium Chloride-Peptone Solution pH 7.0
Hydrate the agar, angsiisfolve by heating to to make test suspensions. Use about 100 viable
boiling with continuo ing. micro-organisms per mi of each strain as an
pH after sterii@%%bn: 6.5+02, inocculate in tests for Stephylococcus aurens,
R QO
XaN
ra\ Table 1 Test Strains for Specified Micro-organisms
Micro-organism Strain® Medium,
Staphylococcus dureus ATCC 6538 (NCIME 2518) Fluid Medium I
Pseudomaonas aeruginosa ATCC 9027 (NCIMB 8626) Fluid Medium I1I
Escherichia coli ATCC 8733 (NCIMB 8545} Fluid Medium ill
Safmonella abony™ NCTC 6017 Fluid Medium III
Bacilfus anthracis 34F2¢ Fluid Medium III
Clostridinm sporagenes ATCC 19404 (NCTC 532) Medium XX
ATCC 11437 (DMST 15536) Medium XXITI

* Other avallable nonpathogenic strains may be used,

= Other available nonpathogenic salmonellae may also be used.

t Non-virulent skrain available from Vetetinary Biotogics Division, Department of Livestock Development, Minstry of Agriculture

and Coopred tives,
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Pseudornonas gerugingsa, Escherichia coli, Salmonella
spp., Bacillus anthee 5, and Clostridium sporogeties

in the presence and absence of the sample to be
examined, if necessary. Each suspension of micro-
organism can be used to perform separately as a
control of the counting method. When testing the
method described under Tolal Vieblz Acrobic Microbial
Count and Test for Specified Micro-organisms, a positive
result for the respective micro-organism shu.ald be
obtained. The tests are invalid if the results do not
indicate the presence of the added micro-organisms
(see also Validation of the Counting Method). Failure of
the micro-organismis) to grow in the absence of the
sample to be examined invalidates the nutritive and
the selective valves of the medium. On the other
hand, if no growth is chserved in the presence of the
sample, it indicates the presence of inhibitory
substance(s} in the sample taken and necessitates a
meodification of the procedure by any of the
following mathods.

a. Dilution—an increase in volume of diluent
or culture medium, the quantity of the test material
remaining the same,

b. Neutralization—the incorporation of a
sufficient quaniity of suitable inactivating agent{s)
in the diluent or in the culture medium to neutralize

the inhibitory substance(s) present in the sampl%tl@

examples of these inhibitory substance are: 0.5
cent of soy lecithin and 4.0 per cent of poly
20. Alternatively, Fluid Casein Digest-50
Polysorbate 20 Medium {hedium I) m@h&a used Lo
demonstrate neutralization of pregrbf ives or other
antimicrobial agents in the test 5151: fal.

¢ Anappropriate cu%@ation of

modifications (a} and (b % to permit growth of

the incoula.
d.  Membr ltration, with subsequent
washing oui%f the inhibitory substance{s), if the

sarnple s solidie.

If, in spite of the incorporation of suitable
inactivating agents and a substantial increase in
the volume of diluent, it is still not possible to
recover the viable culiures described above and
where Uhe sampie is not suitable for employment
of membrane filtration, it can be assumed that the
failure to isolate the inoculated organism is dug
ko the bactericidal activity of the product. This
information serves to indicate that the sample is not
likely to be contaminated with the given species of
micro-organism. Monitoring should be continued in
order to establish the spectrum of inhibition and
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bactericidal activity of the sample.
Samphing

With due precautions referred to above in the
handling of the sample to be examined, select at
random the contents of several containers (at least 3)
or several portions from the bulk material, mix, and
render them, as far as possible, homogensous.
Unless otherwise prescribed, use not less than 10 g
or 10 ml of the homogeneous sample, accurately
weighed or measured.

Preparation of Sample &

In order ta obtain a solution o 5 jon

in a form suitabie for the test to b&s@ied out,

prepate the sample to be teste b%creatrm:nt that

is appropriate to its physica acteristics and that
does not alter the num%&@ﬂ kind of micro-
organisims originall},r@ L.

WATER-SOLUBLE SALBLES Dilute or dissolve 10.0 g or

10.0 ml of the ple to be examined in Buffered
Sodium ida-Peptone Solution pH 7.0, and

mag 00.0 ml with the same solution.
N SAMPLES INSOLUBLE IN WATER Suspend
4’@ g, if necessary after pulverization, or 10.0 ml of

%—m sample in Buffered Sodium Chloride-Peplone

Solution pH 7.0 and dilute to 100.0 ml with the same
solution. Some products may necessitate the use

of large volumes. If necessary, homogenize the
suspension mechanically. A suitable surface-active
agent such as 0.1 per cent w /v pofysorbate 80 may be
added to assist the suspension. Adjust, if necessary,
the pH of the suspension to about 7.

FATTY SaAMPLES Homogenize 10.0 g or 10.0 ml of the
sample with 5 g of polysarbate 20 or polysorbate 80,
heated to not more than 40° (or, i(f necessary, to not
mote than 45° for the shortest possible time for some
samples). Mix carefully while maintaining the
temperakure in a water-bath or in an oven. Add 85
mnl of Buffered Sodium Chloride-Peptone Solulion
pH 7.0, preheated to not more than 407, if necessary.
Maintain this temperalure for the shortest Hme, not
mote than 30 minutes, in the water-bath, with
frequent agilation, to emulsify. H necessary, adjust
the pH of the emulsion to about 7.

FLUID SAMPLE 1M AEROSOU FORM Chill the container(s)
in an alcohol-dry ice mixhure for approximately 1
hour, cut open the container(s), and allow tc reach
roon temperature, permitting the propellant to
gscape, of warming to drive off the propellant if
feasible. Transfer 10.0 g or 10.0 ml of the remaining
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portions ko the culiure medium. Where 10.0 g or 10.0
m! of the remaining portion, whichever is applicable,
carmwet be obtained from 10 containers in aerosol
form, transfer the entire contents from 10 chilted
containers to the culture medium, permitting the
propellant to escape, and proceed the test on the
residues,

TRANSDERMAL PATCHES Remove the protective cover
sheets of ten patches of the product being examined
by using sterile forceps and place them, the adhesive
side upwards, on sterile glass or plastic trays. Cover
the adhesive surface with sterile gauze, if necessary,
and transfer the ten patches to a minimum volume
of 500 ml of Buffered Sodium Chloride-Peptone
Solution pH 7.0 containing suitable inactivators such
as polysorbate 80 and / or lecithin. Shake vigorously
the preparation for at least 30 minutes {(preparation
A). Prepare another ten patches in the same way,
place them in a minimum volume of 500 ml of Fluid
Lactose Medium (Medium X) and shake vigorously
for at least 30 minutes (preparation B).

Tatal Viable Aerobic Microbial Count

Unless otherwise prescribed in the particular

TP SUPPLEMENT 2005

Medium {Medium iIj that previously has been
melted and cooled to approximately 45°. Cover the
Petri dishes, mix the sample with the agar by tilting
or rotating the dishes, and allow the contents to
solidify at room temperature. Alternatively, evenly
spread {a.g. with the aid of a glass rod and a
turnitable) 0.1 ml of prepared sample over the
surfaces of solidified and previously dried Soybean-
Casein Digest Agar Medium (for example, in a
laminar air flow bench or in an incubator) in bvo
Petri dishes of the same diameter. [nvert the Petri
dishes, and incubate at 30° to 35° foré s itnless

a reliable count is obtained in a 5hc@©s ime,
Following incubation, examine lates for growth,
count the number of colonigs
average for the two platesig ¥rms of the humber of
MiCro-organisms pes’ %JEI il of the sample. If no
micrabial colonies %covered from the dishes
representing the’@%?l 1:10 dilution of the sample,
EXpTESS the@fhﬂs as “less than 10 micro-organisma

per g c:ég( 1 of the sample™.
o C@s ngi Dilute further, if necessary, the

express the

o@md sample 50 that 1 ml will be expecled to

2ld not more than 100 colonies. Follow the same

monograph, the following methods should be used: (Q\ “procedure as for bactetia except using Sabouraud

Far soluble les: plate method b
ar 1 sarnp 25 p 41€ M ar merg @g

filtration method; Q\
sufficiently soluble or translucent safg@m plate
method or multiple-tiube method; o

others: multiple-tube mets QO\Q

Before carrying out the teéb¥or Total Viable
Aerobic Microbial Count, wibrm the test for
absence of inhibitory {aghtifmicrobial} properties
of the sample as de@ed under Test for Nutritive
and Selective es of the Media and Validity
of the Test fn:-@%mcified Micro-organisms.

Fﬁddo sample to the medium not morte than
1 hour after preparing the appropriate dilutions
for ingculation. For a viscous sample that cannot be
pipetted at the initial 1:10 dilulion, dilute the sample
uritil 2 suspension is obtained, i.e., 150 0r 1:100, etc.,
that can be pipetted.

FPLATE METHOD

For bacteria Dilute further, if necessary, the
prepared sample so that 1 ml will be expected to
yield between 30 and 300 colonies. Pipetie 1 ml
of the final dilution onto each of twao sterile Petri
dishes, 9 to 10 cm in diameter. Promptly add to each
dish 15 to 20 ml of Soybean-Casein Digest Agar

Dextrose Agat Medium with Antibiotics (Medium
XXla) or Potato Dextrose Agar Medium (Medium
XXIF) and incubating at 20° to 25° for 5 days.

MEMBRANE-FILTRATION METHCD

Use membrane filters having a nominal
pore size not greater than .45 pm and whose
effectiveness to retain micro-organisms has been
established. Cellulose nitrate filters, for example,
are used for aqueous, oily and weakly alccholic
solutions, and cellulose acetate filters for strongly
alcoholic solutions. Preferably, membranes of about
50 mm in diameter are recommended. The filtration
apparztus and membrane must be sterilized by
appropriate means. The apparatus should be so
designed that the sclution to be examined can be
introduced and filtered under aseptic conditions,
and it should permit the removal of the membrane
for transfer to the culture medium. If necessary,
dilute the prepared sample so that a colony of 10 te
100 may be expected. Transfer 10 m] to each of two
membrane filters and filter immediately. Wash each
membrane by passing through the filter at least three
100-ml portions of a suitable liquid such as Buffered
Sodium Chloride-Peptone Solution pH 7.0. For fatty
substances, this liquid may contain a suitable
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surface-active agent, such as polysorbate 20 or

polysorbate 80. Transfer one of the membrane filters,

intended primarily for the enumeration of bacteria,
tar the surface of a plate of Soybean-Casein Digest
Agar Medium, and the other, intended primarily for
the enumeration of fungi, to the surface of a plate of
Sabouraud Dexlrose Agar Medium with Antibiotics.
Incubate the plate of Soybean-Casein Digest Agar
Medium at 30° to 35° for 3 days, and the plate of
Sabouraud Dextrose Agar Medium with Antibioties
at 207 to 25° for 5 days. Count the number of
colonies which develop. Calculate the number of
micro-organisms per g or per ml of the sample to be
examined, if necessary, counting bacteria and fungi
separately.

When examining transdermal patches, filter
50 ml of preparation A as deseribed under
Preparation of Sample, separately through each
¢ f bwo sterile filter membranes. Place one membrane
to Soybean-Casein Digest Agar Medium for total
aercbic microbial count, the other membrane to
Sabouraud Dextrose Agar Medium with Antibiotics
for the count of fungi.

MULTIFLE-TLIBE METHOD {Mast Probable
MNumber: MFN)

Prepare three dilutions of the sample, viz 1:
1:100 and 1:1000, and a series of 12 tubes eaclz,&
containing 9 ml of sterile Fluid Scybean—CaE&p
Digest Medium {Medium 110). To each pf e first
three tubes add 1 ml of the 1:10 dilp P
sample. To each of the next three ﬁ&dd 1ml
of the 1:100 diluton, and to e o)of the next three

tubes add 1 ml of the 1:1000%8tion. To the jast
three tubes add 1 ml anﬁg’S%uent. Incubate the
tubes at 30° to 33° fo ys. Following the
incubation periﬂ@me the tubes for growth.
The last thre®, s should show no growth;
otherwise, theMest is invalid. If the reading of the
results is difficult or uncertain owing to the nature of
the sample examined, subculture on a liquid or solid
medium and read the resulls after a further period of

incubation. Determine the most probable number of
bacteria per g or per mi of the sample from Table 2.

The Most Probable Number method s reserved
for bacterial counis when no other method is
available. The choice of a method may be based on
factors such as the nature of the product and the
expected nuumber of micro-organisms. Any method
which is chesen must be properly validated.

1.2 MICROBIAL LIMIT TESTS 19

VALIDATION OF THE COUNTING METHOD

When testing the membrane-filtration method
or the plate count method, a count of any of the test
organisms differing by not more than 20 per cent
fram the caleulafed value for the inoculum is to be
obtained. When testing the multiple-tube method the
calculated value from the ineculum is to be within
the 95 per cent confidence Limits of the resulls
cbtained (Table 2},

[nterpretation of the Resul%

The bacterial count will be cangid @D be
equal to the average number of colo:
found on Sovbean-Casein Digest APt Medium. The
fungal count wili be consider ¢ equal to the
average number of cui%%ing units on
Sabourand Dextrose A edium with Antibiotics.
The tolal viable ae l@nicmbial count is the surm of
the bacterial co %d the fungal count as described
above. If therédevidence that the same types of
micro-orgadioms grow on bath media, this may be
COTTEr the count is carried out by the Most
Proffalle Number method, the calculated value is the

ial count.

The limits prescribed in the “Limits for
Microbial Contamination™ {Appendix 10.5) are the
maximum acceptable limits.

Test for Specified Micro-organisms

Before carrying out the following tests,
perform the tests for absence of inhibitory
(antimicrobial) properties of the sample as
described under Test for Nulritive and Selective
Praperties of the Media and Validity of the Test
for Specified Micro-organisms.

ENTEROBACTERIA

Detection of bacteria To 10 g {or 10 ml} of the
sample being examined, add Fluid Lactose Medium
(bedium X) to make 100 ml, homogenize and incubate
at 33 ke 37° for abowut 2 (but not more than 3) hours, to
revivify the bacteria. Shake the container, transfer the
quantity of the contents (homogenate A) corresponding
te 1 g {or 1 ml) of the sampla to 100 mi of Fluid
Enterobacteria Enrichment Medium (Medium XVII)
and incubate for 18 to 48 hours at 35° to 37°, Subculture
on plates of Crystal Violet Neutral Red-Bile-Dextrose
Agar Medium {(Medium XVIII). Incubate at 35" to 37°
for 18 to 24 hours. The sample passes the test if there
is no growth of colonies of Gram-negative bacteria on
any plate.
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Table 2 Most Probable Number (MPN} Values of Bacteria

Three tubes at each level of dilution

Number of positive tubes MPN Category* 95 per cent
perg Confidence Limits
1:10 1:100 1:1000 or ml A B
Qlgor0lm! Q01 ger 001 ml 0.001 g or 0.001mli
0 0 0 <3 - -
] I 0 3 X <1 17
1 0 0 3 X 1 21
1 0 1 7 x 2 27
1 1 0 7 X 2 %b 28
1 pl 1] 11 ¥ 4 o& 35
2 0 0 g x 2 a8
i ? 1 14 X éb \éo 43
0 15 X ~ 5
2 1 1 20 % & c\‘\ 8 61
2 2 0 21 % &E 8 63
3 0 0 3 % @@ 7 129
3 0 1 38 X 4O\ 10 180
3 1 0 43 20 210
3 1 1 75 QS\ 20 280
3 2 0 93 O % 10 390
3 2 1 1 Q % 1 514
3 2 2 é%% X $0 640
3 3 0 - QN0 x 100 1400
3 3 1 e @ 460 X 2M 24}
3 3 2 @ 1100 X 300 4800
3 3 )go$ > 1100 - -

A
*Cakegary A1 Mormal results, abtained in 95 per of the cascs,
¥4 per cent of cases. These are not to be used for important decisions. Results that

Category B:  Lass likely results, obtained i

are aven less likely &nag,ﬂ@\ «@egory B are not mentioned and are always unacceplabic.

Juantitative evaluatio ulate suitable
quantities of Fluid Enter, 12 Enrichment
Medium with homoge(@ A, prepared as above,
or dilutions of ibc ing respectively 0.1 g {oc
0.1 ml), 001 g¢ mlj, 0.001 g {or 0.001 ml)
and 0.0001 %&@;{} 1 ml) of the sample to be
examined. bate at 35* to 37° for 24 to 48 hours.
Subculture each of the cultures on a plate of Crystal
Violet Neutral Red-Bile-Dextrose Agar Medium to
obtain selective isolation. Incubate at 35° to 37° for
15 to 24 hours. Growth of well-developed colonies,
generally red or reddish, of Gram-negative bacteria
constitules a positive result. Note the smallest
quantity of the sample which gives a positive result
and the largest quantity that gives a negative result.
Determine from Table 3 the probable number of
bacteria.

When testing transdermal patches, filter 50 mil
of preparatian B as described under Preparation of

Sample through a sterite filter membrane. Place the
mmembrane in 100 ml of Fluid Entercbacteria
Enrichment Medium and incubate for 15 to 24 hours
al 35° to 37°. Subculture on plates of Crystal Violet
Neutral Red-Bile-Dextrose Agar Medium for
detection of Enterchacteria and other Gram-negative
bacteria.

SALMONELLA SFECIES

To about 10 g (or 10 ml) of the sample being
gxamined, add 100 ml of Fluid Seybean-Casein
Drigest Medium, mix and incubate at 35° 1o 37¢ for 18

to 24 hours,” Transfer 1 rn'll of the enrichment culture & °

to 10 ml of Rappaport Vassitiadis Broth (Medium X{)
and Fluid Tetrathionate Medium (Medium X113,
respeclively, mix and incebate at 35" to 377 for 18 1o
24 hours, Subculhure on plates of Brilliant Green
Agar Medium {Medium XIII}, Xylose-Lysine-
Desoxycholate Agar Medium (Medium XIV), and



TP SUPFLEMENT 2085

10.2 MICROBIAL LIMIT TESTS 21

Table 3 Probable Number of Bacteria

Results for Each Cuantity of Sample

Probable Number of Bacteria
0lg 00l g 000l g 0.0001 g per g or per ml of Sample
for 0.1 ml} {or 0.01 ml) {or 0001 ml) for (L0001 ml)
+ + + + More than i{#
+ + + - Less than 10* and more thap 10°
+ ¥ - - Less than 10 and more than 10°
+ - - - Less than 1(F and more than 10

— Less than 10

&

Table ¢ Morphology Characteristics of Salinonella Species on Selective Agar M&@&

Selective Medium Characteristic Colonial MG)@@O ogy
Brilliant Green Agar Medium Small, transparent, colourlesste to white opaque
{frequently surroundad gayélhk to red zone)
Xylose-Lysine-Desoxycholate Red, with or without bl«a& entres
Agar Medium
2N
N
Bismuth Sulfite Agar Medium Black or gree ogb

oéfb

Table 5 Morphology Characteristics of EscK‘:Utm coli on MacConkey Agar Medium

Gram Stain e @

AN

Charactaristic Colonial Morphology

Negative rods {(cocco-bacilli} o&“‘

Brick-red; may have surrounding zone of
Precipitated bile

Do
@ o
Bismuth Sulfite Agar Medium {Mé%um X¥). Cover
and invert the dishes, and Upon
examination, if none of th m conforms to the
description given in qu ¢ sample meets the
requirements of tg}e absence of the genus
Salmonella.
If -:ulum,eé;}*cram -negative rods matching
the descriptiolt ine Table 4 are found, proceed with
further identification by transferring representative
suspect colonies individually, by means of an
inoculating wire, to a butt-slant tube of Triple Sugar-
iron Agar Medium (Medium XVT) by first streaking
the surtace of the slant and then stabbing twe wire
well beneath the surface, and incubale. If
examination discloses no evidence of tubes
having alkaline (red} slants and acid (yellow} butts
{with or without concomitant blackening of the
butt from hydrogen sulfide production), the sample
meets the requirements of the test for absence of the
genus Salmonella. The presence of Salmoneila may

be confirmed by other suitable cultural or
biochemical and serological tests, if necessary.

ESCHERICHIA COLI

Prepare the product being examined as
described under Preparation of Sample and use 10 ml
of the portion corresponding to 1 g or 1 mito
inoculate 100 ml of Fluid Soybean-Casein Digest
Medium, mix and incubate at 35° ko 37° for 18 to 48
houirs. Shake the container, transfer 1 ml to 100 ml of
MacConkey Broth {(Medium XXVII) and incubate at
43° to 45° for 18 to 24 hours. Subculture on piates of
MacConkey Agar Medium (Medium XIX) and
incubate at 35° to 37° for 18 to 72 hours. Upon
examination, if none of the colonies conforms fo the
description given in Table 5, the sample meets the
requirements of the test for absence of Escherichiz
ol

If colonies matching the description in Table 5
are found, proceed with further identification by
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transferring the suspect colonies individually,
making subculture the suspect colonies individually
on plate of Levine Eosin-Methylene Blue Agar
Medium Medium XX), and incubate at 35% to 372 for
18 to M4 hours. Upon examination, if none of the
colonies exhibits both a characleristic metallic sheen
under reflected light and a blue-black appearance
under transmitted light, the sample meets the
requirements of the test for absence of Escherichia
colf. The presence of Escherichis cofi may be
confirmed by further suitable cultural or biochemical
and serological tests.

STAFHYLOCOCCUS AUREUS AND
PESEUDOMONAS AERUGINGSA

Prepare the product being examined as
deseribed under Preparation of Semple and use
18 m! or the porbion corresponding to 1 gor 1 ml
tor ingeulate 100 ml of Fluid Soybean-Casein Digest
Medium. Mix and incubate at 35° to 37° for 18 to
48 hours. Examine the medivom For growth, and if
growth is present, use an inoculating loop to streak a
portion of the medium on the surface of Mannitol-
Salb Agar Medium (Medium [V), or Baird-Parker
Agar Medium {Medium V), or Vogel-johnson Agar
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18 to 72 hours. If upon examination, none of the
plates contains colonies having the characteristics
listed in Tables & and 7 for the media used, the test
sample meets the requirements for the absence of
Staphlococous aursus and Preudomonss aeruginosa.

Coagulase test {for Staphylococcs aureus)
With the aid of an inoculating loop, transfer
representative suspect colonies from the agar
surfaces of the Mannitol-Salt Agar Medium (or
Baird-Parker Agar Medium, or Vogel-Johnson
Agar Medium) to individual tubes, each containing
{1.5 ml of mammalian, preferably rabbiigx horse,
plasma with er without suitable addj@a. Incubate
in a water-bath at 37%, examinin tubes at 3 hours
als up to 24
e controls
owr sarnples. Ifno

and subsequently at suitable j
hours. Test positive and nepa
simultaneously with

coagulation in any e is observed, the sample
meets the requ' of the test for absence of
Stﬂphyfncﬂcc

nd pigment tests (for Psendomonas
ith the aid of an inoculating loop, streak
tative suspect colonies from fhe agar

aemg

ces of Ceteimide Agar Medium on the agar
dh.lrface of Pseudomonas Agar Medium for Detection
of Fluorescin {(Medium VIII) and Pgeudomenas Agar
Medium for Detection of Pyocyanin (Medium I}

Medium (Medium V1) and of Cetrimide Agar Q
Medium {Medium VTI}, angd incubate at 35° 1o 32° @

Table 6 Morphology Ehara&tﬁé‘lics of Staphylocoeeus aureus on Selective Agar Media

o @“o o

Selective Medium Characteristic Colonial Morphology Gram Stain
Vogel-Johnson Agar Medyg((@’ Black surrounded by yellow zones Positive cocei
\o {in clusters)
Mannitol-5alt A Q@edmm Yellow colonies surrounded by yellow zone Positive cocct

0’ {in clusters}

Baird—Pa?@Agar Medium

Positive cocci
{in clusters)

Black, shiny colonies surrounded by
clear zones 2 to 5 mm

Table 7 Morphology and Diagnostic Characteristics of Psendomanas aeruginosa on Selective Agar Media

Selective hMedium Characteristic Colondal  Flucrescence in Onidase Test  Gram Stain
Morphology ¥ Light
Cetrimide Agar Medium Generally greenish Greenish Positive Negative rods
Pseudomonas Agar Medium  Generally colourlessto  Yellowish Positive Negative rods
for Detection of Fluorescin yellowish
Pseudomonas Agar Medium  Generally greenish Blue Positive Negative rods

for Detection af Pyocyanin
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contained in Petd dishes. Cover and invert the
inpeulated media, and incubate at 35° = 2° for not
less than 3 days. Examine the streaked surfaces
under UV light. Examine the plates to determine
whether colonies having the characteristics listed in
Table 7 are present.

{Confirm any suspect colonial growth on one
or more of the media as Pseudomionas aerugiosa
by means of the oxidase test. Upon the colonial
growth, place or transfer colonies to strips or disks of
filter paper that previously has been impregnated
with N.N-dimethyl-p-phenylenediamine
dihydrochioride. If there is no development of a pink
colour, changing to purple, the sample meets the
requirements of the test for the absence of
Pscudomonas aeruginosd. The presence of
Psewdomonas agruginosa may be contirmed by other
suitable cultural and biochemica! tests, if necessary.

BACILLUS ANTHRACIS

Add 10 g (or 10 ml} of the sample to 100 ml of
Fluid Seybean-Casein Digest , mix, and incubate at
30° tp 35° for 24 to 48 hours. Examine the medium
for growth of sporeforming Gram-positive bacilli,
with square or concave ends, arranged in long chain,
which is typical microscopic morphoiogy of Baciffug
anthracis. Tf such growth is present, with the aid’ @
an inoculating loop streak a portion of the me
on the surface of 5 Per Cent Defibrinated
Blood Agar Medium {Medium XXIV} \Kd of
Egg-Yolk Agar Medium (Medium plate, and

incubate at 30° to 35° for 13::%:?5: 5. If, upon
examination, none of the pla taing colonies
having the characteristics Lmé? in Takble 8 for the
media used, the test s eets the requirements
for the absence ﬂof’Bet%g::iﬂimcis_

If there are es having the characteristics
listed in TabPe8 Yurther tests should be performed to
confirm the identity of Bacilfus anthracis, including

virulent test of anthrax culture either in vive or in
vitre.
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Test For Virulence of Bacilfus anthracis

In vito Inject 0.5 ml of supernatant fluid from
2 24-hour culture subcutaneausly into the thigh
of two mice. After 24 hours dissect the infected mice
and lock for bacteria froin organs (spleen, liver)
uging Gram stain and capsule stain. Fix the
preparation with a 0.1 per cent w/v solution
of mercuryilh chforide instead of heat.

Virulent strains canse a specific generalized
infection (anthrax) with encapsulated bacilli in blood
and tissues. &

In yitre By means of an mucula%?bop,
transfer representative suspect colgRies from
the Blood Agar or Egg-Yolk ﬁé@ anto
Soybean-Casein Digest A ium with added
0.5 per cent sodium hydsggiarbonate and 0.7 per cent
bovine serum albumin, bate in 5 per cent carbon
dioxide or a candldyariat 35° to 37°. Virulent strains
become encapgdIatdd, resulting in mucoid colondes.

g (or 10 ml} of the sample being
e@ed into two suitable containers, each
aining 100 ml of Cooked-Meat Medium

Medium XXIII), previously heated just prior to use,
to 1007 for a few minutes and cooled to 379, or
Reinforced Medium for Clostridia {Medium XXIX).
To distinguish bebween sporing and non-sporing
organisms, inmediately seal one container with a
layer of sterile liquid paraffin or agar. Heat the other
container at §0° for 10 minutes, cool rapidly, and
then similarly seal. Incubate both containers at 35° to
37° and examine every 24-hour period up to 4 days.

After incubation, make subculbhires from each
contziner on plates of Columbia Agar (Medium
XXX to which gentamicin has been added and
incubate under anaernbic conditions at 35° to 37° for
48 hours. If no growth occurs, the sample passes the
test for absence of pathogenic Clostridia.

Table § Characteristics of Bacillus anthracis

Medium Characteristic Colonial Morphology Gram Stain
5 Per Cent Defibrinated  No hemolysis after 24 hours Gram-positive bacilli with square or
Blood Agar Medium concave ends

Ege-Yolk Agar Medium  No ring of white precipitate
colenies

around Gram-pasitive baciili with square or

concave ends
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Where growth occurs, subeulture each distinet
colony form on plates of Columbia Agar Medium,
withoul gentamicin, and incubate at 35° to 37° for
48 hours, one plate anaercbically and the other
aerobricaily, to check that the organism will not grow
under aerobic condition.

Examine the appearance of only anaerobic
growth of Gram-positive bacilli giving a negative
catalase reaction together with the extent of
hemolysis, by making subeulture on a plate of
3 Per Cent Defibrinated Sheep Blood Agar Medium,
and also examine microscopically for spore
tormation, using Gram stain or spore stain technigue
and confirmed by further snitable biochemical and
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an anaerobic jar for 24 howrs. [f, upon examination,
no colenies with opaiescence and pearly layer
surrounding the colony are observed, the test sample
meets the requirements of the test for the absence of
Clogtridium botulinum (Table 10). The presence of
Clostridium botulinum may be confinned by further
suitable biochemical and biological tests.

Animal ineculation and protection test
Botulism may be demonstrated in the guinea-pig
following the intraperitoneal inoculation of a fluid

culture or culture-filirate.

&

Procedure The filtrate is pmpz@m a
10-day old Cocked-Meat Mediupndyiture which has

been incubated af 35° to 377,

tr of guinga-pigs

~biological tests. The description in Table & gives the
" scharacteristics of some pathogenic Clostridia species
" on 5 Per Cent Defibrinated Blood Agar Medium.

Clostridizm botulinum By means of an

ate infected, one of them bha¥g been protected with
0.5 ml of a pofyualent botgNum antitoxin at least 1

inoculating loop, streak representative suspect
colonies from the Blood Agar Plate on the surface of
Ege-Yolk Agar Medium and incubate at 35° to 377 in

hour earlier. After %&ubaﬁon petiod of a few
hours, the Earﬁpt{}m of dyspnea is usunally

developed,

iration being mainly costal.

'ﬂ"tereafl'e;K jaus flaccid paralyses develop, or a

X

C

Tabrle 9 Characteristics of Clostridium Species og &?x Cent Defibrinated Blood Agar Medium
>

Selective Colonies QO Hemolysis Spores
Species - @
Clostridiym  Irregulas, transiucent with a £r r surface and + Ohval, central, subterminal

bofulimum in-definited fimbriated

g edge.

distend bacilli

Clastvidium  Large, eircular, convex Emﬂranslucent, smooth with Double zone Cwval and subterminal
= >

perfringens an entire edge.) @ > {very rare)
Clostridium  Transparent wig)cg&g feathery spreading projections + Spherical and terminal
tetani . fé\ {drumstick}
: f\\o‘o
o Q able 10 Characteristics of Clostridizm Species on Some Media
i spp.
Clostridivm botufinum Clostridium perfringens Clastridinm fetant

Media
Cooked-Meat Mo digestion of meat;  No digestion of meat; No digestion of meal;

Medium much gas, white meat turns pink colour  bumt

sediment organic stell

Iron-Milk Clot formation Stormy* No change

Medium, Modifiad fermentation

Egg-Yolk Agar Opalescent zone Opalescent zone No opalescent zone
Medium {Wide zone)* (Wide zone)*
Pearly layer No pearly layer No pearly layer

{MNarrow zone)*

* Indicates characteristbic of species.
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generalized paralysis may resull so that the animal
lies motionless with limbs outstretched. Death
ensues in 18 to 24 hours.

Clostridium perfringens With the aid of an
inoculating loop, transfer representative suspect
colonies from the Blood Agar plate to a tube
containing Fluid Thioglycolate Medium (Medium
XX¥). Incubate at 35° to 37° until vigorous growth is
observed. Then incculate ron-Milk Medium
{Medium XXV]), using a long tube, and Egg-Yolk
Agar Medivm, with the culture. For Iron-Milk
Medium, incubate at 46 in a water-bath and check
hourly after 2 hours for up to 5 hours for stormy
fermentation,

{Note This reachion is characterized by rapid
coagulation of the milk followed by fracturing of the
curd into 4 spongy mass which usually rises above
the medium surface. For this reason, do not use
short tubes for the test.) For the Egg-Yolk Agar
Medium plate, incubate in an upright position in an
anaerobic jar at 35° to 37° for 24 hours. if upon
examination, neither the tube nor the plate contains
growth having the characteristics listed in Table 10,
for the media vsed, the test sample meets the
requirements of the test for the absence of

Clostridium perfringens. The presence of Clostrid) n@

perfringens may be confirmed by further smtabl@
biochemical tests.

Clostridium tefani With the aid of ra\
inoculating loap, transfer representah uspect
colonies from the Blood Agar ph%
containing Covked-Meat Med1 mmediately seal
the lube with a layer of steri raffm or agar and

incubate at 35° to 37° fo urs. If no burnt-
organic smetl and d tick appearance are

observed, the s eets the requirements of
the test for ce of Clostridium tefani. The
presence of Giestridium tetani may be confirmed

by biochemical or biclogical tests.

Animal incculation and protection test
The mouse is a suitable laboratory animal for the
demonsiration of the toxigenicity of Clostridium
tetani. Two animals are used for each test.

Procedure A protected animal is prepared by
subcutaneous injection with 0.5 mi of tetanus
antifoxin containing 550 units per ml, at least 1 hour
before it is inoculated with the virulent organism.
Both the protected and the unprotected animals are
then inoculated intramuscularly in the right hind
limb with 0.25 ml of the supernatant from a 48-hour
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Cooked-Meat Medium culture of the organism. It
may be necessary to include 2.5 per cent calcium
chloride in the inoculum to initiate necrosis. After an
incubation period of 2 few hours, signs of tetanus
develop in the unprotected mouse.

In ascending tetanus the first evidence of
disability is usually that the inoculated leg tends to
slip backwards as the animal moves forward. Later
the limb becomes slightly abducted and the ankle is
extended. The leg graduaily becomes more
extended until it is quite stiff from the spasm of
opposing muscles. The tail of the mouse decomes
stiff, and gradually the leg on the o e side is
affected. Involvement of the les leads to
h}rperextensmn of lateral ﬂe Ehe spine and
finally the fore limbs hecoridgpastic. Dunng this
period the slightest sl:é@@ induces a generalized
spasmt.

In mixed & %.ng and descending tetanus,
which is pm@ by 2 large inoculum, local tetanus
of the injetedd limb is followed rapidly by
spasms, and death occurs in 18 to M
hour scending tetanus in small laboratory
&h 18 very rare unless special routes of
i

ocillabion are used.

Post mortem There is a slight hyperemia at the
site of inoculation. The internal organs show little
change. The animal protected with tetanus antitoxin
shows ng evidence of infection.

Retest

For the purpose of confirming a doubtful result
by and of the procedures outlined in the foregoing
tests following their application to a 10.0-g sample, a
retest or a 25-g sample may be conducted. Proceed
as directed under Preparation of Sample, but make
allowance for the larger sample size.

105 LIMITS FOR MICROBIAL
CONTAMINATION pp. 1573-1574

Change to read:

105 LIMITS FOR MICROBIAL
CONTAMINATION

In the mamufachure, packaging, storage and
distribution of pharmaceutical preparations, suitable
means must be taken to ensure their microbiclogical
quality. Unless otherwise specified in the individual
monograph, the non-sterile pharmaceutical prepara-
tons should comply with the criteria given below.
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Category Types Requirements*

1 Preparations for burns and severe - Absence of viable micro-organisms per g or
ulcerations. per ml.

2 Topical preparations for broken skins, - Total viable aerobic count. Not more than a
abscess, lesions, and mucous total of 5 % 10 micro-organisms {aerobic
membranes (nose, throat, ear, bacteria plus fungi} per g or per ml.
vagina, etc.). - Absence of enterobacteria and certain other

Gram-negative bacteria, Psendomonas aemgmum
and Staphtylococcus aureus per g or p QS‘J

3 Transdermal patches and topical - Total viable aerobic count. N than a
preparations for intact skin, e.g,, total of 5 x 1 rmcro—org o§r0b1c
creams, lotions, ointments, schutions, bacteria plus fungi) per k rmlor
powders, ete. per patch.

- Absence of entero ﬁ&@ and certtain other
Gram-negativ tia, Psendomonas aeruginosa
and Stﬂphyfmés autreus pet g or per ml or
per patch
4 A. Preparations for oral and rectal - 1able aerobic count. Not more than

administrabion.

é)b!{ﬁ bacteria and not more than 5 x 10° fungi
2

r g or perml.

Q~ Mot more than 1(? entercbacteria and certain

B. Preparations o;f\gra] administration

mntalmng rw tobiterials of natural
origin { 7 vegetable or mineral)
which Gt be treated with a process

tion of microbial count.

ascribed in categorics 5 and 6 are

%

excluded.

Preparations of crude drugs and
mixtures of crude drugs for internal
use which will undergo a process for
reduction of microbial count before use
(e.g.. by pouring beiling water over
them ); and preparations for external
use containing whoie or ground crude
drugs.

other Gram-negative bacteria per g or per ml.
Absence of Pseudomonas deruginosa,
Staphylococens aurens and Escherichia coli per g
or per ml

Absence of Salmonefla spp. per 10 g ot per 10 ml.

Tutal viable aerobic count. Not more than

3% 10" bacteria and not more than 5 x 10° fungi
per g or per ml.

Not more than 107 enterobacteria and certain
other Gram-negative bacteria per g or per ml,
Absence of Pseudomonas aerugingsa,
Staphylococcus aurens and Escherichia coli per g
or per ml.

Absence of Safmonella spp. per 10 g or per 10 ml.

Total viable aerobic count. Not more than

5 » 107 bacteria and not more than

5% 10" fungi per g or per ml.

Not more than 10* enterobacteria and certain
other Gram-negative bacteria per g or per ml
Absence of Escherichia cofi per g or per mi.
Absence of Safmonells spp, Bacillus
anthracis*, and pathogenic Clostridium spp.
per 10 g or per 10 ml
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Category Types Requirements®
6 Other preparations for internal use - Total viable aerobic count. Not more than
containing whole or ground crude 5 x 10¥ bacteria and not more than

drugs.

5 % 107 fungt per g or per ml.

- Not more than 10* enterobacteria and certain
other Gram-negative bacteria per g or pee ml.

- Absence of Escherichia coli and Staphylococcus
aurens pet g or per ml.

- Absence of Safmonella spp. Bacillus

anthracis"*, and pathogenic Clostrideygn spp.,
0 1 .
. per 10 g or per 10 ml o&‘\
* Cary out the tesks as described in the “hicrobial Limit Tesks” (Appendix 10.2). o$
* Applied only when anthrax eutbreaks are reporbed. db\éo
10.6 EFFICACY OF ANTIMICROBIAL intended to be perforg a routine control basis.
PRESERVATION pp. 2065-2066 The test for effic antimicrobial
Change to read: preservation in paration consists of
10.6 EFFICACY OF ANTIMICROBIAL challenging t ration with a prescribed
inoculum p\d table micro-organisms, storing
PRESERVATION the moc preparation at a prescribed condition,

Antimicrobial preservatives are substances
added to pharmaceutical preparations to prevent
microbial proliferation or to limit microbial
contamination that may occur during normal
conditions of storage and use. They are used @
primarily in roultiple-dose parenteral, ear, ora @1
topical and eye preparations made with a 1@&
bases or vehicles, Antimicrobial prese ?é
should niot be used as a substitute f@r@i&

manufachiring practices or sc]e@%duce the
viable microbial population ofa terile product

or cortrol the presteri]izat'n@inhurden of
multidose funnulations{@wg manufacturing,
timicrobial preservative
imirished by many factors.
Those incha]etactive ingredient, the formulation,
and the confgher or closure used for that product.
The test for efficacy of antimicrobial preservation
should therefore be carried out on the product as
presented, wherever possible in its original,

unopened container in which it was distributed by
the manufacturer.

5

During development of a pharmaceutical
preparation, it should be demonsiraied that the
antimicrobial activity of the preparation provides
adequate protection from microbial contamination
during storage and use. The test described below
is therefore designed to determing the efficacy of
antimicrobial activity of the product. The test is not

rawmg saraples from the container at

B? bed time infervals to count the remaining
461 ble

organisms.

The preservative properties of the preparation
are adequate if, in the conditions of the test, there is a
significant decrease or no increase in the number of
micro-organisms in the inoculated preparation atter
the times and at the temperatures prescribed. The
ctiteria of acceplance vary for different types of
preparation according to the depree of protection
intended.

Product Cakegories

For the purpose of testing, products have been
divided inte four categories {see Table 1), The
criteria of antimicrobial effectiveness for these
products are a function of the route of

administrabion.

Test Organisms
Aspergilius niger ATCC! 16404, DMET?

15538

Candida alincans ATCC 10231, DMST 5512
Escherichia coli ATCC 8739, DMST 15537
Pseudormtonas qeruginosa ATCC 9027, DMST 15501
Staphylococcus aureus ATCC 6538, DMST 8013

Single-strain challenges, either ATCC or DMS3T,
should be used throughout the test.

T ATCC
T DMST

A merian Type Colturs Collection
Department of Medical Sciences,
Thailand
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Table 1 Product Categories

Category Product Description
1 Injections, other parenterals including emulsions, ear preparations, sterile nasal
preparations, and eye preparations made with agueous bases or vehicles.
2 Topically used preparations made with aqueous bases or vehicles, nonsterile nasal
preparations, and emulsions, including those appiied to mucous membranes.
3 Oral preparations other than antacids, made with aqueous bases or vehicies.
4 Antacids made with an aquecus base.

Media

For the initial cuitivation of the test organisms,
select an agar medium that promotes vigorous
growth of the respective stock culture, such as
Soybean-Casein Digest Agar Medium for bacteria
and Sabouraud Dextrose Agar Medium for fungi
(Appendix 10.2).

Preparation of Inoculum

Begin the test by inoculating the surface of
a suitable solid agar medium from the recently

grown stock culture of each of the specified mprn@

organisms. Incubate the bacterial cultures at
357 for 18 to 24 hours, the culture of Candi

at 20° to 25" for 48 hours, and the cultu
Aspergitlus niger at 20° to 25° for 1 wegR\ar until good
sporulation is obtained, o @

To harvest the bacterial andlyCandida albicans
cultures, use a sterile 0.9 t w/v solution of
sodinm chioride for dis and transfer of the
surface growth into Qgyitable vessel. Add sufficient
suspending flut t&dum the microbial count to
about 1 = 1g# y-forming units (cfu) per ml. To
harvest 2iltus niger culture, use a sterile
0.9 per cent w /v solution of sodium chioride
containing 0.05 per cent w/v of polysorbate 80 and
adjjust the spore count to about 1 x 10 cfu per ml by
adding the same solution.

12
H§

Alernatively, the stock culture organisms may
be grown in a suitable liquid medium, and the
MICIC-0TgANIsMS may be harvested by
centrifugation, washed, and dispersed in a sterile
0.9 per cent w /v solution of sodium chioride to give
the required microbial or spore count.

Determine immediately the number of colony-
forming units per mlin each suspension by means of

&
N
Sy
Plate Method (Appendix 10D, This value serves to
calibrate the size of iy used in the test. The
bacterial and Wﬁ@iﬁ are to be used within
24 hours of haryésbbut the fungal preparation may
be stored nn
QS\
o @cuunt the viable micro-organisms in the
i lated preparations, uge the agar medium
‘ﬁspondmg to that used far the initial cultivation
Q of the respective micro-organisms. Ensure that any
residual antimiceobial activity of the products is
elimirated either by dilution, by filtration or by the
use of a specific inactivator,

If the product container can be entered
aseptically, with needie and syringe through a
stopper, conduct the test in five original containers.
if not, transfer a 20-m! portion of preparation from
five containers to each of five sterile capped tubes.
Inoculate each container with one of the prepared
and standardized inoculum, and mix. The volume
of the suspenzion inoculum used is between 0.5 per
cent and 10 per cent of the volume of the product.
The concentration of test micro-organisms that is
added to the product (Categories 1, 2, and 3) are
such that the final concentration of the test
preparation after inoculation is between 1 x 10F and
1% 10% cfu per ml of the product. For Category 4
products {antacids) the final concentration of the test
preparation after inoculation is between 1 x 1P and
1% 10" ¢fu per ml of the product. Determine the
number of viable micro-organisms in each
inoculated suspension and calculate the initial
concentration of micro-organisms per mi of

preparation.

Incubate the inoculated contziners or hubes
at 20° to 25°. Sample each container at the

igeration for up to seven days.

Frocedure
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appropriate intervals specified in Table 2. Record the changes in terms of log reductions.

?Ln}i’ changes {:bser.ved in appearance at these Evaluation

intervals. Determine by the Plate Method the

number of cfu present in each test preparation for The criteria for evaluation of antimicrobial

the applicable intervals. Using the calculated activity are given in Table 2 in terms of the log
concentrations of cfu per m! present at the start reduction in the number of viable micro-organisms.

of the concentration of cfu per ml for each micro- unit higher than the previous value measured.

organism at the applicable test intervals, and express

Table 2 Criteria for the Evaluation of Preservative Efficacy Qb
For Category 1 Products o$
NP
Test Log Reduction r\db
Organisms
7days | lddays | 28 day%/‘Q
Bactetia = 1.0 = 3.0 NEQN
Yeast and Molds NI NI r\ﬂ@
QS
N\
O
For Cat pay
or Category w;d{;%»
Test K duction
Organisms @%ﬁ 28 days
Bacterla | Q\ 220 NI
N\
Yeast and Mﬂ}ﬁ;&(? NI I
A0
lo'
o @ For Category 3 Products
e
0)0) Test Log Reduction
b Crganisms 14 days 28days
QS\ Bacteria 210 NI
NN Yeast and Molds NI NI
XaN
For Category 4 Products
Test Log Reduction
Organisms 14 days 28days
Bacteria NI NI
Yeast and Molds NI Ni
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APPENDIX 12 STERILIZATION AND
STERILITY ASSURANCE

Sterilization is the process of rendering
an article, or product, free from viable micro-
organisms. It may be effected by killing the
micrg-organisms by phiysical or chemical methods or
by removing them by filtration. Wherever possible,
a process in which the product is sterilized in its final
container (terminal sterilization} is chosen. If
terminal sterilization is not possible, Altration
through a bacteria-retentative filter or aseptic
processing is used.

The method of attaining sterility in an article is
determined by the nature of the product, the extent
and type of any contamination present and the
conditions under which the product has been
prepared; it is assumed that the principles of good
manufacturing practice will have been observed.
Materials to be sterilized should be as free as
possible from mierobial contamination. The effect of
the chosen sterilization process on the product
{including its final container or package) should be
validated before that procedure is applied in
practice. Failure lo follow a process meticulously
involves the risk of a non-sterile or deteriorated
product. Proper validation of the sterilization @
process or the aseptic process requires, howey
high level of knowledge of the field of ster‘t;%;mn
and clean room technology. In order to (@ﬂp v with
currently acceplable and achievable b Qe in
sterilization parameters, it is ngge R employ
appropriate ingtrumentation agid ®quipment to
control the critical parame ohich as temperature
and time, humidiky, an &ing gas
concentration, or abserded radiation. An impaortant
aspect of the vali 6& PIORTAITUIE in many
sterifization p ures involves the employment of
biclagical Iators. The validated and certified
process shoRld be revalidated periedically; however,
the revalidation programme need not necessarily be
as extensive as the original pregramme.

Within the strictest definition of sterility, an
article would be deemed sterile only when there
is complete absence of viable micro-organisms
from it. However, this absolute definition cannaot
currently be applied to an entire lot of finished
compendial articles because of limitations in testing,
Absolute sterility cannot be practically demonstrated
without complete destruction of every finished
article. The sterility of a lot purported to be sterile is
therefore defited in probabilistic terms, where the
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likelihood of a contaminated unit or article is
acceplably temote. Such a state of sterility assurance
can be established only through the use of adequate
sterilization cycles and subsequent aseptic
processing, if any, under appropriate current good
manufacturing practice, and not by relying solely on
sterility teshng.

Sterility assurance level (SAL) The SAL ofa
sterilizing process is the degree of assurance with
which the process in question renders a population
of items sterile. The SAL for a given process is
expressed as the probability of 2 non-gfagile item
in that population. AnSAL of 107GQNexample,
denates a probability of not m an one viable
micro-organism in 1% 10%3 Nthd itemns of the final
prochuct. The SAL of a progess for a given product is
established by apprépriei® validation studies.

M s of Sterilization
Metho m{érminal sterilization, including
removal rro-organism by filtration, and aseplic
proce re deseribed. Modern technological
@ve@sments, however, have led to the use of
ional procedures. The choice of the appropriate
248 for a given dosage form or component

Q requires a high levei of knowledge of sterilization

techniques and information conceming any effects of
the process on the material being sterilizad.

Steam sterilization The process of thermal
sterilization employing saturated steam under
pressure is carried cut in a chamber called an
autoclave. It is probably the most widely employed
sterilization process, especially for aquecus
preparation. The basic principle of operation is
that the air in the sterilizing chamber is displaced by
the saturated steam, achieved by employing vents or
traps. Inorder to displace air more effectively from
the chamber and from within articles, the
sterilization cycle may include air and steam
evacuation stages.

For (his method of terminal sterilization, the
reference conditions for agquenus preparations are
heating at a minimum of 121 for 15 minutes. Other
cumbinations of ime and temperature may be usad
provided that it has been satisfactorily demonstrated
that the process chosen delivers an adequate and
reproducible level of lethality when operating
routinely within the established tolerances. The
procedures and precautions employed are such as to
give an SAL of 107 or better. A biological assessment
of the pracess may be obtained by including a
suitable biglagical indicator,
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With large batch sizes of aqueous preparations,
it is essential to have knowledge of the physical
conditions within the autoclave chamber during the
sterilization procedure. To obtain this information,
recording temperature-sensitive elements inserted
nto representative containers may be used together
with additional elements at the previously-
established coolest part of the loaded chamber.

It is desirable that each sterilization cycle be
recorded on a temperature-time chart. Other types
of lemperature indicator may be inserted at
appropriate positions in the load but total reliance
should not be placed on chemical indicators except
when they suggest failure to attain sterilizing
conditions.

" When surgical dressings are sterilized by Steam
sterilization, the stean used should not contain more
than 5 per cent of entrained moisture., Most
dressings are sterilized by maintaining at a
temperature of 134° to 138° for 3 minutes, but other
suitable combinations of ternperature and time may
be used, the conditions being chosen with regard to
the stability of the dressings.

Apart from that description of sterilization cycle
parameters, using a temperature of 121°, the F,
conceplt may be appropriate. The F, at a particul
termperature other than 121°, is the Hme (in mi
required to provide the lethality equivalent@%%at
provided at 121° for a stated time.

The total F, of a process takes ac \3 of the
heating up and cooling down p%@f the cycle and
can be calculated by integratiqn) pRlethal rates with
respect to time al discrete te@sg?ature intervals.

When u steam sterik
basis of the F, conce
enzure that an

on cycle is chosen on the
at care must be taken to
te assurance of sterility is
consistently ed. In addition to validating the
process, it also be necessary to perform
continuous, rigorous microbiological manitoring
during routine production to demonstrate that the
microbioclogical parameters are within the
established tolerances so as to given as SAL of
107 ot better.

In connection with sterilization by steam, the
Z-value relates the heat resistance of a micro-
crganism ta changes in temperature. The Z-value
is the change in temperature required to alter the
D-value by a factor of 10.

The D-value {or decimal reduction value) is the
value of a parameter of sterilization (duration or

&
(\\% ere
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absorbed dose} required to reduce the number of
viable organisms to 16 per cent of the original
number. [t is only of significance under precisely
defined experimental conditions.

‘The following mathematical relationships
appiy:

F, = Dp(logN,-logN) =D, log IF
where D, = D-value of the reference spores

at 121°, Y

N, = initial number of w@Be micro-
organisms,

N = final numberm&iable micry-
orgars \éo

IF = inactivaRgh factor.

é%‘é»\ T,/ (logD, - logD.}

= value of the micro-organism
@r\ at temperature T,
Q? = D-value of the micro-organism
at lemperature T,

IF=N,/N=10""

where D

exposure time,
D-value of micro-organism in
the exposure conditions.

H
D

Dry-heat sterilization Dry-heat sterilization
may be used for heat stable non-aqueous
preparations, powders and certain irapregnated
dressings. For this method of terminal sterilization
the reference conditions are 2 minimum of 160° for
at least 2 hours. Other combinations of time and
temperature may be used provided that it has been
satisfactorily demonstrated that the process chosen
delivers an adequate and reproducible level of
lethality when cperated routinely within the
established tolerances. The procedures and
precautions empioyed are such as to give an SAL
of 107 or better. A modern oven is supplied with
heated, filtered air, distributed uniformly
thraughout the chamber by convection or radiation
and employing a blower system with devives for
sensing, monitoring, and contrelling the critical
parameters.

Appropriate biological indicators may be
employed to dernonsirate the effectiveness of the
sterilization process. An example of a biological
indicator for validating and monitoring dry-heat
sterilization is 4 preparation of Bacilius subtilis
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spores. For heat-stable articles or components, the
conditions of sterilization are not less than 250°. A
microbial survival probability of 107 is considered
achievable for heat-stable articies or components.
Since dryheat at 250° is frequently employed to
render glassware or containers {ree from pyTogens as
well as viable microbes, a pyrogen challenge, where
necessary, should be an integral part of the
validahion program, e.g., by inoculating one or more
of the arlicles to be treated with 1000 or more EU of
bacterial endotoxin. The test with Limulus lysate
could be used to demonstrate that the endotoxic
substance has been inactivated to not more than
1/1000 of the original amount (3 log cycle
reduction). For the test to be valid, both the original
amount and, after acceptable inactivation, the
remaining arnount of endotoxin should be
measured. For additional information on the
endotoxin assay, see under the “Test for Bacterial
Endotoxins” (Appendix 8.5} .

Gas sterilization This method of sterilization is
only to be used where there is no suitable
alternative. It is essential that penetration by gas and
moisture into the material to be sterilized is ensured

the gas under condilions that have been preu'y;@g
established to ensure that any residue of gas
transformation products in the sterilized y@uct is
below the concentration that could giv to toxic
etfects during use of the product. %\ﬁtive agent
generally employed in gaseous) ation is
ethylene oxide of acceptableaﬁ%b‘zing quality or a
mixture of ethylene oxide/Al a suitable inert gas.

Wherever possi \B& gas concentration,
relative humidity, %perafure and duration of the
Process are rred, d and recorded. Measurements
are mad%wth’u sterilization conditions are least
likely to %\i ieved, as determined at validation.

The effectiveness of the process applied to each
sterilization load is checked using a suitable
biological indicator.

Ionizing radiation sterilization Sterilization by
this method is achieved by exposure of the product
to ionizing radiation in the form of gamma radiation
{rom a suitable radioisclopic source, such as cobalt-
&0 (*Co) or of a beam of electrons energized by a
suitable electron accelerator.

For this method of termiral stertlization the

reference absortbed dose is 25 kGy. Other dases may
be used provided that it has satisfactorily
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been demonstrated that the dose chosen delivers

an adeguate and reproducible level of lethality when
the process is operated routinely within the
established tolerances. The procedures and
precautions employed are such as to give an SAL

of 107 or better.

During the sterilization procedure the radiation
absorbed by the product is monitored regularly by
means of established dosimetry procedures that are
independent of dose rate. Dosimeters are calibrated
against a standard source at a refererjge radiation
plant on receipt from the supplier a @é suitable
intervals of not longer than one

Where a biclogical asse tis carried out,
this is obtained using a sru@fé biological indicator.

Filtration Steridj
used for certain
which are not
sterilizatioy
liquids

n by Filtration may be

ents and preparations
iiently stable to heat to allow

eam sterilization. Solutions or

e sterilized by passage through a sterile
Yetaining filter of a type that has been

trated to be satisfactory by means of a

robial challenge test using a suitabie test micro-

db Drganism. A suspension of Pssiedomonas diminute
and that it is followed by a process of elimination of QN yo . P

(ATCC 19146, NCIMB 11091 or CIP 103620) may be
suitable. It is recommended that a challenge of at '
least 107 ¢fu per cm® of active filter surface is used
and that the suspension is prepared in Soybean-
Casein Digest Medium which, after passage through
the filter, is collected aseptically and incubated
aerobically at 30° to 35°. Such products need

special precautions, The production process and
environment are regularly subjected to appropriate
monitoring procedures. The equipment, containers
and closures and, wherever possible, the ingredients
are subjected {0 an appropriate sterilization process.
It is recommended that the filtration process be
carried out as close as possible to the {filling pomt.
The operations following filtration are carried out
under aseptic conditions.

Filtration for sterilization is usuaily cartied out
with assemblies having membranes of porosity not
greater than 0.22 pm; however, membranes of
smaller porosities are also used and may be needed
for some products. The types of membrane filter
which are now available include cellulose acetate,
cellulose nitrate, fluorocarbonate, acrylic polymers,
polycarbonate, polyester, polyvinyl chloride, and
even metal membranes, and they may be reinforced
or supported by an intemal fabric. A membrane
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filter assembly should be tested for integrity of the
membrane and its effectiveness confirmed before
and after use. A typical test is the bubble-point test,
whereby it is determined that a prescribed pressure
is nevessary to force air bubbles through the intact
membrane wetted with either product, water or
hydrecarbon liquid.

Biological Indicators

Biclogical indicaters are standardized
preparations of selected micro-organisms used to
aszess the effectiveness of a sterilization procedure.
They usually consist of a population of bacterial
spores placed on an inert carrier, for example a strip
of filter paper, a glass slide or a plastic tube. The
inoculated carrier is covered in such a way that it is
protected from any deterioration or contamination,
while allowing the sterilizing agent to enter into
contact with the micro-organisins. Spore
suspensions may be presented in sealed ampoules.
Biclogical indicators are prepared in such 2 way that
they can be stored under defined conditions; an
expiry date is set. Micro-organisms of the
same bacterial specias as the bacteria used to
manufacture the biological indicators may be
inoculated directly into a liquid product o be
sterilized or into a liquid product similar to Lh%
sterilized. In this case, it must be Jemanstr
the liquid product has no nhibiting effec
spores used, especially as repards thej

A biclogical indicator is chaia@ize% by the
name of the species of bacteriyn 1¥3ed as the
reference micro-organism, b mber of the shrain
in the original collectio %@ number of viable spores
per carrier and the %e The D-value is the value
of a parameter gf tion {(duration or absotbed
dose) require uce the number of viable
organisms 1\ 0 per cent of the original number.

It is of significance only under precisely defined
experimental conditions. Only the stated micro-
organisins are present. Biclogical indicators
consisting of more than one species of bacteria on the
same carrier may be used. Information on the culture
medium and the incubation conditions is supplied.

It i recommended that the indicator organisms be
placed at the locations presumed, or wherever
possible, found by previous physical measurement
to be least accessible to the sterilizing agent. After
exposure to the sterilizing agent, aseptic technigue is
used to transfer carriers of spores to the culture
media, s¢ thal no contamination is present at the

inahon.
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time of examination. Biological indicators that
include an ampoule of cutture medium placed
directly in the packaging protecting the inoculated
carrier may be used.

A choice of indicator organisms is made such
that:

{a} the resistance of the test strain to the
particular sterilization method is great compared fo
the resistance of all pathogenic micro-organisms and
to that of micro-organisms potentially contamitvating

the product;
(b} the test sirain is mn—pzé@mt

fc) the test strain is eas lture.
After incubation, grow reference micro-

organisms subjected tp rilization procedure
demonstrates that th edure is unsatisfactory.

n The use of biological

indicators in for steam sterilization is
TeComn 1 the validation of sterilization
cycles of Bacillus stegrothermophifus (for

expogeld ATCC 7953, NCTC 10007, NCIMB 8157 or
C 81} are recommended. The number of viable
res exceeds 5x 10° per carrier. The D-value

Q at 1217 exceeds 1.5 minutes. It is verified that

exposing the biological indicators to steamn at

1217 1 1° for 6 minutes leaves revivable spores, and
- that there is no growth of the reference micro-
organisms after the biclogical indicators have been
exposed Lo steatn at 121° = 1° for 15 minutes.

Dry-heat sterilization Spores of Bacillus subtilis
{for exampie, var. niger ATCC 9372, NCIMB 8058 or
CIP 77.18) are recommended for the preparation ot
biological indicators. The number of viable spores
exceeds 1 x 1{F per carrier and the D-value at 160° is
approximately 5 to 10 minutes. Dry heat at 250° is
frequently used for sterilizalion and depyrogenation
of glassware. In this case, demonstration of a 3 log
reduchion in heat resistant bacterial endotoxin can be
used as a replacement for biological indicators.

Gas sterilization The use of biological
indicators is necessary for all gas sterilization
procedures, both for the validation of the cycles
and for routing operations. The ausnber of viable
spores exceeds 5x 10F per carrier. For hydrogen
peroxide and peracetic acid spores of Bacilfus
stearothermophilus (for example ATCC 7953, NCTC
10007, NCIDME 8157 or CIP 52.81), for ethylene oxide
and formaldehyde spores of Bacillus subtilis (for
example, var. niger ATCC 9372, NCIMB 8058 or CIP
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77.18) are recommmended. The parameters of
resistance are known for the procedure used. for
example, for ethylene oxide, the D-value exceeds 2.3
minutes for a test cycle involving 600 mg per litre of
ethylene oxide, at 54° and at 60 per cent relative
humidity. It is verified that there i3 no growth of the
reference micro-organisms after the biclogical
indicators have been exposed tor the test cycle
described above for 60 minutes and that exposing
the indicators to a reduced temperahure cycle (600
mg per litre at 30® and 60 per cent relative humidity)
for 15 minutes leaves revivable spores. Itis essential
that the biological indicator be able to reveal
insufficient humidification in the sterilizer and the
product to ensure dehydrated micro-organisms are
inactivated. Exposing the indicators to 600 mg per
litre of ethylene oxide at 54 for 60 minutes without
humidification must leave revivable spores.

lonizing radiation sterilization Biclogical
indicators may be used to monitor routine
operations, as an additional possibility to assess
the effectiveness of the set dose of radiation energy,
especially in the case of accelerated electron
sterilization. The spores of Bacillus pumilus (for
example, ATCC 27.142, NCTC 10327, NCIMEB 10652
or CIP 7725} are recommended. The number gf @
viable spores exceeds 1 % 1(F per carrier. The @
D-value exceeds 1.8 kGy. It is verified G@e
15 no growth of the reference micro-or
after the biclogical indicators have bégh exposed
ta 25 kGy {minimum absorbed

Aseptic P ing

While there is g r%%@greement that
stetilization of the I led container as a dosage

form or final p@cl@e device is the preferred
process fog g the minimal risk of microbial
cantamjmﬁi\ a iot, there is a substantial class

of products that are not terminally sterilized but are
prepared by a series of aseptic steps. These are
designied to prevent the introduction of viable micro-
organisms into components, where sterile, or once an
intermediate process has rendered the bulk product
or its components free from viable micro-organisms.
A review of the principles involved in producing
aseptically processed products with a minimal risk
of microbial contamination in the finished lof of final
dosage forms is hereby provided.

A product defined as aseptically processed
is likely to consist of components that have been
sterilized by one of the processes descnibed above,
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For example, the bulk product, if filterable, may have
been sterilized by filtration. The final empty
contairter components would probably be sterilized
by heat, dry heat being employed for glass vials and
an autoclave being employed for rubber closures.
The areas of critical concern are the immediate
mictobial environment where these pre-sterilized
components are exposed during assembly to
produce the finished dosage form and the aseptic
filling operation.

The requirements for a properly designed,
validated and maintained filling or aseplic
processing facility are mainly di@;%z te (1) an air
environment free from viable, Tganisms, of
a proper design to permit \Bve maintenange of
air supply units, anc{{.{Z&‘\&e rovision of frained
operating perscrnne are adequately equipped
and gowned. ired environment may be
achieved th high level of air filtration
technolo ich contributes to the delivery of
air of equisite microbiological quality. The
faeilis nclude bath primary (in the vicinity of the

@Ed article} and secondary (where the aseptic
oC

essing is carried out) barrier systems.

For a properly designed asaptic processing,
facility or aseptic filling area, consideration should
be given to such features as nonporous and smooth
surfaces, including walls and ceilings that can be
sanitized frequently; gowning rooms with adequate
space for personnel and storage of sterile garments;
adequate separation of preparatory rooms for
persormnel from final aseptic processing rooms, with
the availability where necessary of such devices
as airlocks and/or air showers; proper pressure
differentials betwezn roorms, the most positive
pressure being in the aseplic processing rooms or
areas; the employment of laminar {unidirectional} air
flow in the immediate vicinity of expased product or
components, and fitered air exposute thereto, with
adequate air change frequency; appropriate
humidity and temperature environmental controls;
and a documented sanitization programme. Proper
training of personnel in hygienic and gowning
technigues should be undertaken so that, for
exampie, gowns, gloves, and other body coverings
substantially cover exposed skin surfaces.

Certification and validation of the aseplic
process and facility is achieved by establishing the
elficiency of the fillration systems, by employing
mictobiological enviranmental monitoring
procedures, and by processing of sterile culture
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medium as simulated product.

Monitoring of the aseptic facility should include
periodic environmental filter examination as well as
routine particulate and microbiological
enviconmental monitoring, and may include
periodic sterile culture medium processing.

Sterility Testing of Lots

It should be recognized that the referee sterility
test might not detect microbial contamination if
present in only a small percentage of the finished
atticles in the lot because the specified number of
units to be taken imposes a significant statistical
limitation on the utility of the test results. This
inherent limitation, however, has to be accepted
since current knowledge offers no nondestructive
alternatives for aseerfaining the microbiol ogical
quality of every finished article in the lot, and it is
not 4 feasible option to increase the number of
specimens significantly.

The primary means of supporting the claims
that a Jot of finished artictes purporting to be
sterile meets the specifications consist of the

“documentation of the actual production and
sterilization record of the lot and of the additfonal
validation records that the sterilization process
possesses the capability of totally inactivating thé
established product microbial burden or a mcg$@
resistant challenge. Further, it should be /Q
demonstrated that any pm&:esshg steps
exposed product following the st?l@&
procedure are performed in an asypitmanner,
to prevent contamination. If f%jerived from
the manufacturing process s{%‘%}}y assurance
validation studies and frm\ﬁl-process conbrols are
judged to provide g assurance that the lot
meets the mquimﬁ@pm‘nabiﬁty of rontaining a
contaminatedum frompared to sterility testing
results from figdshed units drawn from that lot), any
sterilily test procedures adopted may be minimal, or
dispensed with on a routine basis. However,
assuming that all of the above production criteria
have been met, it may still be desirable to perform
sterility testing on samples of the lot of finished
articles. Such sterility testing is usually carried out
directly after the lot is manufactured as a final
praduct quality control test. Sterility tests employed
in this way in manufacturing control should not be
confused with those described under the other
section of "Sterility Test” (Appendix 10.1). The
procedural details may be the same with regard to
media, inceula and handling of specimens, but the

L
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&

Q First stage Regardless of the sampling plan
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mumber of units and / or incubation timels) selected
for testing may differ. The number should be chosen
relative to the purpose to be served, ie., according to
whether greater or lesser reliance is placed on
sterility testing in the context of all the measures for
stetility assurance in manufacture. Also, longer
times of incubation would make the test more
sensitive to slow-growing micro-organisms. In the
growth promotion tests for media, such slow
growers, particulariy if isolated from the product
microbial Burden, should be included '-ﬁ%ﬂi the other
test strains. Qb

Megative or satisfactory sterili &ESUHS
serve only as further support of L@mﬁng evidence
concerning the quality of the ygibaﬂ of the pertinent
production records of the jdt e in order and the
sterilizing or aseptic pr¢8 is ktvown to be effective.

Unsatisfactory test e@s, however, in manufacturing

quality control Lp&(e a need for further action.
Interp t‘)ﬁ}n of quality contrel tests Cuality

control stehlity tests (either according to the official

reftgaemk%l or modified tests) may be carried out in
h-‘r)%g%arate stages in order to rule cut false positive
ts.

used, if no evidence of microbial growth is found,
the results of the test may be taken as indicative of
absence of intrinsic contamination of the lot.

If microbial growth is found, proceed to the
Second stage {unless the First stage test can be
invalidated). Evidence for invalidating a First stage
test in order fo repeat it as a First stage fest may be
obtained from areview of the tesling ervironment
and the relevant records thereto. Finding of
microbial growth in nggative controls need not be
considered the sole grounds for invalidating a First
stage test. When proceeding to the Second stage,
particularly where depending on the results of
the test for lot release, concurrently initiate and
document a complete review of all applicabie
production and control records. In this review
consideration should be paid to the following:

3. Acheck on moniloring records of the
validated sterilization cycle applicable to the
product.

b, Sterility test history relating to the
particular product for both finished and in-process
samples, as wel as sterilization records of
supporting equipment, containers / clostres, and
sterile components, if any.
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c. Environmental conirol data, including those

obtained from media fills, exposure plates, filtering
records, any sanitization records and microbial
monitoring records of operators, gowns, gloves, and
garbing practices.

Failing any lead from the above review, the
current microbial profile of the product should be
checked against the known historical profile for
possible change. Records should be checked
concurrently for any changes in source of product
components and /or in-processing procedures that
might be contributory. Depending on the findings,
and inv extreme cases, consideration may have to be
given to revalidation of the total manufacturing
process.

Second stage For the Second stage it is not
possible to specify a particular number of specimens

No
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to be taken for testing. 1t is usual to select double the
number specified for the First stage under “Sterility
Tests” {Appendix 10.1), or other reasonable number.
The minimum vohunes tested from each specimen,
the media, and the incubation periods are the same
as those indicated for the First stage.

1f rio microbial growth is found in the Second
stage, and the documented review of appropriate
records and the indicated product investigation
does not support the possibility of ml-egmsm
contamination, the lot may be consé t1::- meet
the requirements of a test for steri growth is
found, the lot fails o meet the irements of the
test. Aswas indicated for tbfa?ﬁrst stage test, the

Second stage test may tly be invalidated with
appropriate ewdenc . if 50 done, repeated as a

Second stage tesfé\@
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