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Disclaimer
Because USP text and publications may have legal implications in the U.S. and elsewhere, their language must
stand on its own. USP shall not provide an official ex post facto interpretation to one party, thereby placing other
parties without that interpretation at a possible disadvantage. The requirements shall be uniformly and equally
available to all parties.
In addition, USP shall not provide an official opinion as to whether a particular article does or does not comply
with compendial requirements, except as part of an established USP verification or other conformity
assessment program that is conducted separately from and independent of USP's standard-setting activities.
Certain commercial equipment, instruments or materials may be identified in this presentation to specify
adequately the experimental procedure. Such identification does not imply approval, endorsement, or
certification by USP of a particular brand or product, nor does it imply that the equipment, instrument or material
is necessarily the best available for the purpose or that any other brand or product was judged to be
unsatisfactory or inadequate.
This course material is USP Property. Duplication or distribution without USP’s written permission is prohibited.
USP has tried to ensure the proper use and attribution of outside material included in these slides. If,
inadvertently, an error or omission has occurred, please bring it to our attention. We will in good faith correct
any error or omission that is brought to our attention. You may email us at: legal@usp.org.
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Microbiological Best
Laboratory Practices <1117>

USP <1117> Microbiological Best Laboratory Practices
Important Aspects of Control


Aseptic Technique



Control of Media



Control of Test Strains



Control of Equipment



Lab Layout and Operations



Control of Data and Documentation



Training of Staff
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Media Preparation



Culture media central to quality of
work in a microbiology lab



Use correct media for stated
purpose.



Manufacturer’s CoA and
instructions



Water



Weighing of components



Do not overheat.



Clean glassware



Sterilization conditions
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Media Preparation





Media should be checked
(post-sterilization):
–

Growth-promoting capabilities

–

Sterility

–

pH

–

Container/plate integrity

Solid media should not be remelted more than once.
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Media Storage



Transport of prepared media is a
concern.
–

Agar susceptible to freezing



Re-melting should be restricted.



Molten agar should not be stored
more than eight hours.



Media should be labeled with expiry
dates and not stored beyond them.
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Media Storage



Media should be labeled.
–

Batch or lot numbers

–

Preparation and expiry dates

–

Name of media



Media should be stored under
validated conditions or as per the
manufacturer’s instructions.



Disposal should follow local
biological hazard safety
procedures.
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Quality Control Testing of Media





All media must have adequate
growth-promotion testing.
–

General requirements

–

Specific requirements—MLT & Sterility
Tests

How to GP?
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Maintenance of Microbiological Cultures



Must be handled carefully



Confirm ID of the culture from the
culture collection before use.



Resuscitate cultures as per the
manufacturer’s instructions.



Use a seed lot technique; do not
enter a master vial more than once
or refreeze stock.



Track the number of passages
(“Any form of sub-culturing is
considered to be a
transfer/passage.”).
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Maintenance of Laboratory Equipment



Most lab equipment is subject to
standard validation practices of IQ,
OQ and PQ.



Periodic calibration/maintenance
may be required.



Performance verification checks
should also be performed regularly.



Frequency will depend on
characteristics and use of the
equipment.
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Laboratory Layout and Operations



The layout of the lab should
enhance operations.
–

Prevent cross-contamination

–

Separation of activities

–

Promote safety



The lab area should have separate
“clean” and “live culture” areas with
different access points and barriers.



When a sample has growth, all
further work is in the “live culture”
area.
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Incubation Times



Incubation times for microbiological tests of
less than three days' duration should be
expressed in hours: e.g., “Incubate at 30°
to 35°for 18 to 72 hours”; tests longer than
72 hours' duration should be expressed in
days: e.g., “Incubate at 30°to 35°for three
to five days.”



For incubation times expressed in hours,
incubate for the minimum specified time
and exercise good microbiological
judgment when exceeding the incubation
time.



For incubation times expressed in days,
incubations started in the morning or
afternoon should generally be concluded
at that same time of day.
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Training of Personnel





Microbiologists in pharmaceutical
support lab should:
–

Have academic training in microbiology or
allied health sciences.

–

Be trained in relevant SOPs.

–

Be assigned responsibilities in keeping with
their skill and experience.

Procedures
–

SOPs should be comprehensive and serve
as the basis of the training program.

–

SOP numbers provide a convenient training
documentation method.
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Training





Performance Assessment
–

Should be done periodically

–

Should demonstrate competency in core
activities of the lab

Supervisors
–

Should have appropriate education and
training
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Laboratory Resources



Laboratory management is responsible for ensuring that the
laboratory has sufficient resources to meet the existing testing
requirements. This requires some proficiency in budget
management and in determining appropriate measures of
laboratory performance. A measure of laboratory performance
is the number of investigations performed on tests conducted
by the laboratory, but this measure alone is not sufficient.



In addition to tracking investigations, the period of time between
sample submission and initiation of testing should be tracked,
as well as the period of time between end of test and report
release (or test closure). Significant delays in these measures
are also indications of an under-resourced laboratory staff.
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Laboratory Resources



Laboratory management should have a sufficient
budget to meet testing requirements. Particular
measures of budgetary requirements will be
specific to the given laboratory, but budgetary
considerations related directly to sufficient
resources must be addressed to ensure reliable
testing results.
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Documentation


Documentation should be sufficient
to demonstrate that the testing was
performed in a laboratory and by
methods that were under control.
This includes, but is not limited to,
documentation of the following:
–

Microbiologist training and verification of
proficiency

–

Equipment validation, calibration and
maintenance

–

Equipment performance during the test

Documentation, cont’d.


Documentation should be sufficient
to demonstrate that the testing was
performed in a laboratory and by
methods that were under control.
This includes, but is not limited to,
documentation of the following:
–

Media inventory and control

–

Critical components or tests performed
as per procedure

–

Data and calculations verified

–

Reports reviewed by QAU or responsible
manager

–

Investigation of OOS

Maintenance of Laboratory Results



Lab write-up should include:
–

Date

–

Material

–

Microbiologist’s name

–

Procedure number

–

Document test results

–

Deviations (if any)

–

Parameters of test (equipment, stock
cultures, media used in test)

–

Management review signature
21
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Maintenance of Laboratory Results





Equipment
–

All should be noted.

–

Calibration schedules accessible

–

Logbooks where appropriate

–

Critical temperatures (water baths,
incubators, autoclaves) should be traceable.

Training
–

Training requirements should be established
for each microbiologist by job function.

–

Should be fully trained before conducting
experiment

–

Training should track the revision number of
22
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Maintenance of Laboratory Results



Data corrections
–





Single line through error, initialed and
dated

Test results
–

Should include plate counts (if appropriate
to test)

–

Methods for data analysis should be cited
in the relevant SOP.

Archiving
–

Records should be archived and
protected against catastrophic loss.

–

A record retention program should be in
place.
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Interpretation of Assay Results





Microbiological data can be difficult to
interpret:
–

Human microflora are commonly used in many
tests.

–

Contamination is an ongoing concern.

–

Sampling issues are a great concern.

–

Recovery of CFU are subject to considerable
variability–may be around +/- 0.5 log10 unit.

Therefore, minor differences from the
expected outcome of a test may not be
significant.
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Interpretation of Assay Results



It is extremely important to avoid contamination



Results must be interpreted from a broad
microbiological perspective:
–

Nature of putative contaminant

–

Likelihood of that organism surviving in product

–

Growth characteristics of the microorganism (especially
fungal spore outgrowth)
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Interpretation of Assay Results





Investigation into non-conforming results
generally shows one of two reasons:
–

Lab error

–

Product failure

Management must be informed immediately in
either case.
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Interpretation of Assay Results



Investigation
–

Magnitude of excursion (significant?)

–

Lab environment

–

Sampling methods

–

Nature of material (survival of contaminant?)

–

Evaluation of retain samples

–

Conduct of testing
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Interpretation of Assay Results





Corrective Action Plan
–

Needed if lab error found

–

Efficacy of corrective action should be monitored
and documented.

Invalidated Test
–



Invalidation of a test due to attributable error must
be documented.

Confirmatory Testing (retesting)
–

An SOP should be in place to describe conditions
for confirmatory testing of results.
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Variability in Microbiology
Methods

Aspects of Variability

Media Growth
Promotion





Finished
Product Tests
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Quality Control Testing of Media



All media must have GP
–

General requirements

–

Specific requirements—MLT and Sterility Tests

–

Some guidance in USP Chapter <1117> Best Microbiological
Laboratory Practices
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Demonstration of Media GPQ

 Solid
–

Media

Colony Counting
Methods

 Liquid

Media

–

Kinetic Parameters

–

End-point

Weenk, G.H. 1992. Microbiological assessment of culture media: comparison and statistical evaluation of methods. Intl J Food Microbiol 17:159-181
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Solid Media Methods—These Methods Rely on Comparisons of CFU
Pour Plates

Spread Plates

www.blog.microbiologics.com | www.differencebetween.com
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Colony Forming Units

www.forbitbiotech.com
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What is a CFU?

Staphylococcus Aureus

Streptococcus Pneumoniae

www.cdc.gov
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Linear Range of CFU/Plate

Countable Range:
25 – 250 CFU per plate
Breed, R and WD Dotterrer. 1916. The Number of Colonies Allowable On Satisfactory Agar Plates. J Bacteriol. 1:321-331
Tomasiewicz, D.M.et al. 1980. The Most Suitable Number of Colonies On Plates for Counting. J Food Prot. 43(4):282-286
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Upper Limit of Plate Counts

10000

CFU/Plate

1000
Expected
Observed

100
10
1
Dilution

38
© 2018 USP

Lower Limit of Plate Counts

Erro r in Lo w Plate Co unts

Error as % of Mean

1
0 .8
0 .6
0 .4
0 .2
0
1

6

11

16

21

26

31

CFU/Plate
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Microbial Limits Tests–Enumeration
Interpretation of Results



Total aerobic microbial count:
–



Average number of CFU on casein soybean agar

Total combined yeast and mold count:
–

Average number of CFU on Sabouraud dextrose agar
Limits:
• if 100 CFU (2.0 log), max acceptable is 200
CFU (2.3 log)
• if 1,000 CFU (3.0 log), max is 2,000 CFU (3.3
log)

www.indiamart.com
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USP <51> Antimicrobial
Effectiveness Testing

Product Categories

What sorts of Pharmacopoeial articles might benefit
from the inclusion of an antimicrobial preservative?
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Product Categories







Category 1:
“Injections, other parenterals including emulsions, otic products, sterile nasal
products and ophthalmic products made with aqueous bases or vehicles.”
Category 2:
“Topically used products made with aqueous bases or vehicles, nonsterile nasal
products and emulsions, including those applied to mucous membranes.”
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Product Categories







Category 3:
“Oral products, other than antacids, made with aqueous bases or vehicles.”
Category 4:
“Antacids made with an aqueous base.”
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What Is Aqueous According to <51>?

For the purpose of the test, aqueous is defined
as a water activity of more than 0.6
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Inappropriate Reasons for Including Antimicrobial Preservatives

What are some inappropriate reasons for
including antimicrobial preservatives in a
product?
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Inappropriate Reasons for Including Antimicrobial Preservatives

Antimicrobial preservatives should not be used as a substitute for good
manufacturing practices, solely to reduce the viable microbial population of a
nonsterile/contaminated sterile product, or to control the pre-sterilization
bioburden of a multidose formulation during preparation.


In the case of sterile aqueous based articles packaged in multiple-dose
containers, suitable antimicrobial preservatives are added to inhibit the growth of
microorganisms (bacteria, yeast) that may be inadvertently introduced during or
after the manufacturing process (from repeatedly withdrawing individual doses).



One or more antimicrobial preservative(s) are expected in all sterile multidose
units.
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Antimicrobial Effectiveness



Antimicrobial effectiveness, whether inherent in the
product or produced because of the addition of an
antimicrobial preservative, must be demonstrated for all
aqueousbased injections packaged in multiple-dose
containers and for other products containing antimicrobial
preservatives.
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Why Include the "Minimum Amount"?



Antimicrobial preservatives are inherently toxic. If not
so, they would not kill bacteria. Sometimes, they can
be diluted fast enough to be acceptable even if the
added concentration is toxic.
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Self-Preserved Products

Can a product possibly be self-preserving?
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Unopened Containers



The procedures and acceptance criteria for
effectiveness apply to a product in the original,
sealed container in which it was distributed by the
manufacturer.

52
© 2018 USP

Secondary Containers



The test need not be conducted in these containers, but
care should be taken to avoid using materials that can
interact with the preservative in the containers that are used
for antimicrobial effectiveness testing.
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General Considerations



The ability of the procedure to detect challenge microorganisms in the presence
of a suitably neutralized product to be tested must be established. The suitability
of the procedure must be reconfirmed if a change is made in materials or
methods or if a change is made in the product or direct product contact
materials that may affect the outcome of the test.



The growth-promoting capabilities of media used in this procedure must be
established.
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Growth Promotion and B/F Testing



Every batch of ready-prepared media or each batch of medium prepared either
from dehydrated medium or from the ingredients described.



For solid media, counts obtained must be at least 50% of the calculated value
for a standardized inoculum. For a freshly prepared inoculum, growth of the
microorganisms occurs comparable to that previously obtained with a previously
tested and approved batch of medium



Method Suitability has to be demonstrated. Either dilution, inclusion of
neutralizers or membrane filtration.
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Microorganisms



Candida albicans (yeast)



Aspergillus brasiliensis (mold)



Escherichia coli (Gram-negative rod)



Pseudomonas aeruginosa (Gram-negative rod)



Staphylococcus aureus (Gram-positive coccus)

What is significant about the list of species employed?
Why is it important to include such a broad spectrum of microorganism types?
56
© 2018 USP

Suitability of the Counting Method in the Presence of Product



Prepare a 10−1 dilution by adding 1 mL of product (by volume) to 9 mL of saline
or other neutralizing diluent. Continue this dilution scheme to 10−2 and 10−3
dilution levels. Add an appropriate number of challenge organisms to each tube
of diluted product, mix, and then plate a suitable volume from each dilution to
yield less than 250 cfu/plate for bacteria and yeast (ideally between 25 and 250
cfu) or less than 80 cfu/plate for A. brasiliensis (ideally between 8 and 80 cfu).



This plating should be performed minimally in duplicate (although a greater
number of replicates can be useful to minimize variability in the plate count
estimate). A positive control for this procedure is to introduce the same inocula
into saline and transfer similar volumes of saline to agar plates. A suitable
recovery scheme is the one that provides at least 50% of this saline control
count (averaged).
57
© 2018 USP

Suitability of the Counting Method in the Presence of Product

 If the diluted product exhibits antimicrobial properties, specific neutralizers may need to be
incorporated into the diluents or the recovery media.
 The ability of the procedure to measure preservative efficacy may be compromised if the method
suitability requires significant dilution (10−2 or 10−3) as this will affect the measured recovery
(e.g., it may be difficult to measure a 3 log10 unit reduction for a 105–106 inoculum). If no suitable
neutralizing agent or method is found and method suitability requires significant dilution, a higher
level of inoculum (e.g., 107–108) may be used so that a 3 log10 unit reduction can be measured.
 Reported recovery cannot be less than 1 cfu/plate on average (or 100 cfu/mL if 1 mL is plated in
duplicate at the 10−2 dilution).
 Membrane filtration may be used to filter larger volumes of dilutions to overcome this difficulty or
to assist in the neutralization of antimicrobial properties.
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Microorganisms in Separate Containers or Together?

To save time, is it OK to add all five test
species into the same container?
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Amount of Inoculum to Add

The chapter states that the volume of
inoculum should not exceed 0.5–1.0% of
the total volume of the product.
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Number of Microorganisms to Add

 105–106 cfu/mL of product are added for categories 1–3. Where a large dilution
(greater than 10-2–10-3 is required) a higher inoculum 107 to 108 cfu/mL may be
used.
 Only 103–104 cfu/mL are added for Category 4.
 What does this suggest about preservation of Category 4 products?
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Incubation Temperatures

 Inoculated products are supposed to be incubated at 22.5 ± 2.5o. In other USP
microbiology chapters, incubation was at 32.5 ± 2.5o for bacteria, and 22.5 ±
2.5o for fungi.
 Why is only one, lower, temperature used?
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Criteria for Passage

Table 3 (first section):
For Category 1 Products
▸

Bacteria:

Not less than 1.0 log reduction from the initial calculated count at day 7,
not less than 3.0 log reduction from the initial count at day 14, and no
increase from day 14 to day 28 [initial count?]

▸

Yeasts and Molds:

No increase from the initial calculated count at day 14 or 28
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Criteria for Passage

Table 3 (second section):
For Category 2 Products
▸

Bacteria:

Not less than 2.0 log reduction from the initial count at day 14, and
no increase from day 14 to day 28

▸

Yeasts and Molds:

No increase from the initial calculated count at day 14 or 28
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Criteria for Passage

Table 3 (third section):
For Category 3 Products
▸

Bacteria:

Not less than 1.0 log reduction from the initial count at day 14, and no
increase from day 14 to day 28

▸

Yeasts and Molds:

No increase from the initial calculated count at day 14 or 28
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Criteria for Passage

Table 3 (fourth section):
For Category 4 Products
▸

Bacteria, Yeasts and Molds: No increase from the initial calculated count at day 14 or 28
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Criteria Difference Questions



Note that requirements decrease in stringency as you go from Category 1 to 4.



What does this suggest about the relative importance of preservation?



What about Category 4?
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Fungal Preservative Efficacy



The requirements for fungal control never exceed
that of fungistasis.



Why might this be so?
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Initial Calculated Count



All 4 categories contain statements about no increase from the initial calculated
counts at particular time points.



How does one determine the initial time counts?
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About That 0.5 Log Difference



“No increase” is defined as not more than 0.5 log10 unit higher than the previous
value measured.”



Why should this be so defined?
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About That 0.5 Log Difference



Log10 of 1,000 cfu/mL = 3.0 (at day 14)



“‘No increase’ is defined as not more than 0.5 log10 unit higher than the
previous value measured.”



Does 1,500 cfu/mL (at day 28) meet the requirement?
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When It’s All Said and Done…



Nobody bothers with this microbiological determination of antimicrobial
effectiveness once it is established.



Once established, all that is necessary to do is determine the concentration of
antimicrobial agent chemically from then on right?
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Nonsterile Products:
Microbial Enumeration

Harmonization Status



Harmonized with EP and JP



Effective date: May 1, 2009
May 2009
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Introduction From USP <61>



The tests described hereafter will allow quantitative enumeration of mesophilic
bacteria and fungi that may grow under aerobic conditions



The tests are designed primarily to determine whether a substance or
preparation complies with an established specification for microbiological quality.
When used for such purposes, follow the instructions given below, including the
number of samples to be taken, and interpret the results as stated below



Alternative microbiological procedures, including automated methods, may be
used, provided that their equivalence to the Pharmacopeial method has been
demonstrated
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Typical Reference to Microbial Limits in Monograph



Microbial enumeration tests <61> and Tests for specified microorganisms JT1
RT1
<62>— …meet the requirements of the tests for absence of Salmonella species
and Escherichia coli



Microbial enumeration tests <61> and Tests for specified microorganisms
<62>— The total aerobic microbial count does not exceed 100 cfu/g, and the
total combined molds and yeasts count does not exceed 10 cfu/g…meet the
requirements of the tests for absence of Pseudomonas aeruginosa,
Staphylococcus aureus, and Candida albicans



Microbial enumeration tests <61> and Tests for specified microorganisms
<62>— The total aerobic microbial count does not exceed 100 cfu/g, and the
total combined molds and yeasts count does not exceed 100 cfu/g.
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Slide 77
JT1

[@Christina A. Perando] why do they have links in this presentation? Do we need it?
Jennifer Thompson; 27/04/2020

RT1

You can take out the links
Radhakrishna S. Tirumalai; 27/08/2020

General Procedures



Avoid extrinsic microbial contamination of the product (What’s the number one
source of such contamination?)



Eliminate bacteriostatic/fungistatic properties (Why?)
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Growth Promotion and Suitability of Method

Issue
Organisms for Trypticase Soy

Harmonized
•
•
•
•
•

Staphylococcus aureus ATCC 6538 (NCIMB 9518, CIP
4.83, NBRC 13276)
Pseudomonas aeruginosa ATCC 9027 (NCIMB 8626,
CIP 82.118, NBRC 13275)
Bacillus subtilis ATCC 6633 (NCIMB 8054, CIP 5262,
NBRC 3134)
Candida albicans such as ATCC 10231, NCPF 3179,
IP 48.72 or NBRC 1594
Aspergillus brasiliensis such as ATCC 16404, IMI
149007, IP 1431.83 or NBRC 9455
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Growth Promotion and Suitability of Method

Issue
Organisms for Sab Dex

Harmonized
•
•

Candida albicans such as ATCC 10231, NCPF 3179, IP 48.72
or NBRC 1594
Aspergillus brasiliensis such as ATCC 16404, IMI 149007, IP
1431.83 or NBRC 9455
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Growth Promotion: General Considerations



“The ability of the test to detect microorganisms in the presence of product to be
tested must be established.”



Suitability must be confirmed if a change in testing performance or a change in
the product that may affect the outcome of the test, is introduced.
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Negative Control



To verify testing conditions, a negative control is performed
using the chosen diluent in place of the test preparation. There
must be no growth of microorganisms.

82
© 2018 USP

Growth Promotion of the Media

 Test each batch of ready-prepared medium and each batch of medium prepared either from
dehydrated medium or from the ingredients described
 Inoculate portions/plates of Soybean–Casein Digest Broth and Soybean–Casein Digest Agar
with a small number (not more than 100 cfu) of the microorganisms indicated in Table 1, using a
separate portion/plate of medium for each. Inoculate plates of Sabouraud Dextrose Agar with a
small number (not more than 100 cfu) of the microorganisms indicated using a separate plate of
medium for each
 For solid media, growth obtained must not differ by a factor greater than 2 from the calculated
value for a standardized inoculum. For a freshly prepared inoculum, growth of the
microorganisms comparable to that previously obtained with a previously tested and approved
batch of medium occurs. Liquid media are suitable if clearly visible growth of the microorganisms
comparable to that previously obtained with a previously tested and approved batch of medium
occurs

83
© 2018 USP

Preparation of the Sample



The method for sample preparation depends on the
physical characteristics of the product to be tested. If
none of the procedures described below can be
demonstrated to be satisfactory, a suitable alternative
procedure must be developed.
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Inoculation and Dilution



Add to the sample prepared as directed above and to
a control (with no test material included) a sufficient
volume of the microbial suspension to obtain an
inoculum of not more than 100 cfu.
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Neutralization/Removal of Antimicrobial Activity



The number of microorganisms recovered from the prepared sample diluted as
described in Inoculation and Dilution and incubated following the procedure described
in Recovery of Microorganisms in the Presence of Product, is compared to the number
of microorganisms recovered from the control preparation



If growth is inhibited (reduction by a factor greater than 2), then modify the procedure
for the particular enumeration test to ensure the validity of the results. Modification of
the procedure may include, for example:
–

An increase in the volume of the diluent or culture medium;

–

Incorporation of a specific or general neutralizing agent(s) into the diluent;

–

Membrane filtration; or

–

A combination of the above measures
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Neutralization/Removal of Antimicrobial Activity



If no suitable neutralizing method can be found, it can be
assumed that the failure to isolate the inoculated organism
is attributable to the microbicidal activity of the product. This
information serves to indicate that the article is not likely to
be contaminated with the given species of the
microorganism.
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Suitability of the Counting Method: Recovery Methods

Several methods for microbial recovery are listed:


Membrane Filtration



Plate Methods



–

Pour plate

–

Surface spread

Most Probable Number (MPN)
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Table 3. Most-Probable-Number Values of Microorganisms

Observed Combinations
of Numbers of Tubes
Showing Growth in Each Set

MPN per g or per mL
of Product

95% Confidence
Limits

Number of g or mL of Product per Tube

0.1

0.01

0.001

--

--

--

--

--

2

2

1

28

9–94
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Testing of Products

Use the method for which suitability was demonstrated:


Membrane filtration



Pour plate



Surface spread



MPN
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Amount of Article to Test



Unless otherwise directed, use 10 g or 10 mL



Fluids or solids in aerosol form: sample 10 containers



Transdermal patches: sample 10 patches
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Amount of Article to Test (Actives)

Amount to test can be reduced if:


Amount per dosage unit is ≤ 1 mg



Amount per g or mL (for preparations not presented in dose units) is less than 1
mg
Then, the amount of sample to be tested is not less than the amount present in
10 dosage units or 10 g or 10 mL of the product
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Amount of Article to Test (Actives)

Amount to test can be reduced if:


The sample quantity is limited, or batch size is extremely small (i.e., less than
1,000 mL or 1000 g)
Then the amount tested shall be 1% of the batch unless a lesser amount is prescribed or
justified and authorized.
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Amount of Article to Test (Products)

For products where the total number of entities in a batch is less than 200:


Sample size may be reduced to two units, or one unit if the size is less than 100
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Examination of the Product

The section provides procedural details for:



Membrane filtration



Pour plate



Surface spread



MPN
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Results and Interpretation



TAMC = all cfu on Soybean-Casein-Digest Agar



TCYM = all cfu on Sabouraud-Dextrose agar



If TCYM is expected to exceed criteria, antibiotics may be used



The MPN method generates TAMC
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Acceptance Criteria

When an acceptance criterion for microbiological quality is prescribed, it is
interpreted as follows:


101 cfu: maximum acceptable count = 20



102 cfu: maximum acceptable count = 200



103 cfu: maximum acceptable count = 2,000
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Nonsterile Products:
Tests for Specified Microorganisms

Harmonization Status



USP – Harmonized with EP and JP



Effective date: May 1, 2009
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Introduction



The tests described hereafter will allow
determination of the absence of, or limited
occurrence of, specified microorganisms
that may be detected under the conditions
described.



The tests are designed primarily to
determine whether a substance or
preparation complies with an established
specification for microbiological quality.
When the tests are used for such
purposes, follow the instructions given
below, including the number of samples to
be taken, and interpret the results as
stated below.
101
© 2020 USP

Introduction



Alternative microbiological procedures,
including automated methods, may be
used, provided that their equivalence to the
USP method has been demonstrated
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<62> Tests for Specified Microorganisms



Presence of E. coli



Presence of Salmonella sp.



Presence of P. aeruginosa



Presence of S. aureus



Presence of C. albicans*



Presence of Clostridium sp.*



Presence and quantitative
determination of bile-tolerant gramnegative bacteria*
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General Procedures



Avoid extrinsic microbial
contamination of the product.
(What’s the No. 1 source of such
contamination?)



Eliminate bacteriostatic/fungistatic
properties .
(Why?)
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General Procedures



The preparation of samples is carried out
as described in USP <61>
Microbiological Examination of Nonsterile
Products: Microbial Enumeration Tests.



If the product to be examined has
antimicrobial activity, this is insofar as
possible removed or neutralized as
described in USP <62> Microbiological
Examination of Nonsterile Products:
Tests for Specified Microorganisms.
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Media



Test each batch of ready-prepared
medium and each batch of medium
prepared either from dehydrated
medium or from ingredients. Verify
suitable properties of relevant
media.
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Growth Promotion



Test for Growth-Promoting Properties,
Liquid Media—Inoculate a portion of the
appropriate medium with a small number
(not more than 100 cfu) of the appropriate
microorganism. Incubate at the specified
temperature for not more than the shortest
period of time specified in the test. Clearly
visible growth of the microorganism
comparable to that previously obtained
with a previously tested and approved
batch of medium occurs.
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Growth Promotion



Test for Growth-Promoting Properties,
Solid Media— Perform Surface-Spread
Method (see Plate-Count Methods under
USP <61> Microbiological Examination of
Nonsterile Products: Microbial
Enumeration Tests), inoculating each plate
with a small number (not more than 100
cfu) of the appropriate microorganism.
Incubate at the specified temperature for
not more than the shortest period of time
specified in the test. Growth of the
microorganism comparable to that
obtained with a previously tested and
approved batch of medium occurs.
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Inhibitory Properties



Test for Inhibitory Properties, Liquid
or Solid Media—Inoculate the
appropriate medium with at least
100 cfu of the appropriate
microorganism. Incubate at the
specified temperature for not less
than the longest period of time
specified in the test. No growth of
the test microorganism occurs.
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Indicative Properties



Test for Indicative Properties—Perform
Surface-Spread Method (see Plate-Count
Methods under USP <61> Microbiological
Examination of Nonsterile Products: Microbial
Enumeration Tests), inoculating each plate
with a small number (not more than 100 cfu)
of the appropriate microorganism. Incubate at
the specified temperature for a period of time
within the range specified in the test.
Colonies are comparable in appearance and
indication reactions to those obtained with a
previously tested and approved batch of
medium
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Growth Promotion Test and Suitability of the Counting Method:
Growth Promotion: General Considerations



Growth-Promoting properties



Inhibitory properties



Indicative properties

What is the significance of each?
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Suitability of the Test Method

Add
Add each test
strain to the
prescribed
growth medium.

Inoculate
Inoculate the
test strains
individually.

Use

Use

Occur

Use not more
than 100 cfu in
the inoculated
test preparation.

Use the shortest
incubation
period
prescribed under
Testing of
Products.

The indication
reactions must
occur as
described under
Testing of
Products.
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Suitability of the Test Method

Antimicrobial activity of the product
requires a modification of the test
procedure to eliminate it as far as
possible.

If the antimicrobial activity with
respect to a microorganism cannot
be neutralized, assume that the
inhibited microorganism will not be
present in the product.
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Testing of Products

The chapter includes sections related to
each of the microorganisms listed. In
general, sections include subsections on:


Sample Preparation and Pre-Incubation



Selection and Subculture



Interpretation
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Test for S. aureus

Topic
Test for Staphylococcus
aureus

<62>
Sample Prep and Pre-incubation—Use the quantity corresponding to 1 g or
1 mL, to inoculate a suitable amount of Soybean–Casein Digest Broth, mix,
and incubate at 30 to 35 for 18 to 24 hours.
Selection and Subculture—Subculture on a plate of Mannitol Salt Agar and
incubate at 30 to 35 for 18 to 72 hours.
Interpretation—The possible presence of S. aureus is indicated by the
growth of yellow or white colonies surrounded by a yellow zone. This is
confirmed by identification tests. The product complies with the test if colonies
of the types described are not present or if the confirmatory identification tests
are negative.
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Test for P. aeruginosa

Topic
Test for Pseudomonas
aeruginosa

<62>
Sample prep and Pre-incubation—Use the quantity corresponding to 1 g or
1 mL, to inoculate a suitable amount of Soybean–Casein Digest Broth, mix,
and incubate at 30 to 35 for 18 to 24 hours.
Selection and Subculture—Subculture on a plate of Cetrimide Agar and
incubate at 30 to 35 for 18 to 72 hours.
Interpretation—Growth of colonies indicates the possible presence of P.
aeruginosa. This is confirmed by identification tests.
The product complies with the test if no colonies are present or if the
identification tests are negative.
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Test for E. coli

Topic
Test for Escherichia coli

<62>
Sample prep and Pre-incubation—Use the quantity corresponding to 1 g or
1 mL, to inoculate a suitable amount of Soybean–Casein Digest Broth, mix,
and incubate at 30 to 35 for 18 to 24 hours.
Selection and Subculture—Shake the container, transfer 1 mL of Soybean–
Casein Digest Broth to 100 mL of MacConkey Broth and incubate at 42 to 44
for 24 to 48 hours. Subculture on a plate of MacConkey Agar at 30 to 35 for
18 to 72 hours.
Interpretation—Growth of colonies indicates the possible presence of E. coli.
This is confirmed by identification tests.
The product complies with the test if no colonies are present or if the
identification tests are negative.
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Test for Salmonella sp.

Topic
Test for Salmonella species

<62>
Sample prep and Pre-incubation—Use the quantity corresponding to 10 g
or 10 mL, to inoculate a suitable amount of Soybean–Casein Digest Broth,
mix and incubate at 30 to 35 for 18 to 24 hours.
Selection and Subculture—Transfer 0.1 mL of Soybean–Casein Digest
Broth to 10 mL of Rappaport Vassiliadis Salmonella Enrichment Broth and
incubate at 30 to 35 for 18 to 24 hours. Subculture on plates of Xylose Lysine
Deoxycholate Agar. Incubate at 30 to 35 for 18 to 48 hours.
Interpretation—The possible presence of Salmonella is indicated by the
growth of well-developed, red colonies, with or without black centers. This is
confirmed by identification tests. The product complies with the test if colonies
of the types described are not present or if the confirmatory identification tests
are negative.
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Test for Clostridium

Topic
Test for Clostridium

<62>
Sample prep and Heat Treatment—Use the quantity corresponding to 2 g or 2 mL,
Divide the sample into two portions of at least 10 mL. Heat one portion at 80 for 10
minutes and cool rapidly. Do not heat the other portion. Soybean–Casein Digest Broth,
mix and incubate at 30 to 35 for 18 to 24 hours.
Selection and Subculture—Use 10 mL or the quantity corresponding to 1 g or 1 mL of
the product to be examined of both portions to inoculate suitable amounts of Reinforced
Medium for Clostridia. Incubate under anaerobic conditions at 30 to 35 for 48 hours. After
incubation, make subcultures from each container on Columbia Agar and incubate under
anaerobic conditions at 30 to 35 for 48 to 72 hours
Interpretation—The occurrence of anaerobic growth of rods (with or without
endospores) giving a negative catalase reaction indicates the presence of Clostridia. This
is confirmed by identification tests. The product complies with the test if no colonies are
present or if the identification tests are negative.
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Test for Bile-Tolerant Gram-Negative Bacteria

Topic
Test for BTNG

<62>
Sample prep and Pre-incubation—Use the quantity corresponding to 1 g
or 1 mL, using Soybean–Casein Digest Broth as the chosen diluent, mix and
incubate at 20 to 25 for a time sufficient to resuscitate the bacteria but not
sufficient to encourage multiplication of the organisms (usually 2 hours but
not more than 5 hours).
Selection and Subculture—Unless otherwise prescribed, use the volume
corresponding to 1 g of the product, as prepared in Sample Preparation and
Pre-Incubation, to inoculate Enterobacteria Enrichment Broth Mossel.
Incubate at 30 to 35 for 24 to 48 hours. Subculture on plates of Violet Red
Bile Glucose Agar. Incubate at 30 to 35 for 18 to 24 hours.
Interpretation—The product complies with the test if no colonies are
present or if the identification tests are negative.
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Test for C. albicans

Topic
Test for C. albicans

<62>
Sample prep and Pre-incubation—Use quantity corresponding to not less than 1 g or
1 mL, to inoculate 100 mL of Sabouraud Dextrose Broth, and mix. Incubate at 30 to 35
for 3 to 5 days.
Selection and Subculture—Subculture on a plate of Sabouraud Dextrose Agar and
incubate at 30 to 35 for 24 to 48 hours.
Interpretation—Growth of white colonies may indicate the presence of C. albicans.
This is confirmed by identification tests. The product complies with the test if no
colonies are present or if the identification tests are negative.
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Identification
Interpretation

Growth of colonies indicates
the possible presence.

This is confirmed by
identification tests.

What type of
identification test?
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Recommended Solutions and Culture Media

The remainder of the chapter lists
solutions and culture media, a
portion contained in the older
version of USP <61>.
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USP <1227> Validation of
Microbial Recovery from
Pharmacopeial Articles

Overview of Section

Introduction
Design of Method Suitability Study
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Requirement for Growth of Microorganisms Is Common to USP
Microbiological Methods



USP microbiology test methods require that any
microorganisms present be capable of growth in
the presence of the article under test



If the microorganisms added during the test of
the suitability of the method do not grow, it is
necessary to eliminate the biostatic properties of
the article



USP <1227> Validation of Microbial Recovery
from Pharmacopeial Articles presents
information on how to accomplish this
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Important Distinction



Methods that are official in the USP are
considered to be already validated.



Therefore, this chapter is not intended to validate
the methods in chapters <51>, <61>, <62> or
<71>.



Additional methods developed by the user to
address biostasis are what require validation.
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Influential Factors

What are the important
factors to consider during
the validation?
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Influential Factors



Several factors affect the measurement of
a test solution's antimicrobial activity, and
these must be considered in the validation
design.



They include the nature of the
microorganisms used as challenge
organisms, the preparation of the
inoculum of challenge organisms, the
specific conditions of the test and the
conditions of recovery.



These factors also affect the validation of
recovery methods for aqueous or non
aqueous products, irrespective of their
antimicrobial properties; thus, all test
methods should be validated with these
factors in mind.
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Influential Factors



The nature of the challenge
microorganism exerts a strong
effect upon the response to the
antimicrobial agent, and so upon
the neutralization required for
recovery.



Represented among these
organisms in compendial tests are
Gram-positive bacteria, Gramnegative bacteria, yeasts and
molds. Each organism to be used in
the test must be included in the
validation.
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Influential Factors



The specific conditions of the
test, including buffers used, water,
light conditions and temperature,
must be reproduced in the
validation study. All test conditions
also should be standardized and
performed in the validation study
exactly as performed in the test.

Methods of Neutralizing
Antimicrobial Properties

Methods of Neutralizing Antimicrobial Properties
Three common methods used to neutralize antimicrobial properties
of a product:

1

2

3

Chemical Inhibition

Dilution

Filtration and Washing
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Methods of Neutralizing Antimicrobial Properties

Chemical inhibition


Precautions must be taken relative to potential
toxicity of the inhibitor. However, despite
potential toxicity, the convenience and quick
action of chemical inhibitors encourage their
use.



Chemical inhibition of bactericides is the
preferred method for the antimicrobial efficacy
test. The potential of chemical inhibitors should
be considered in the membrane filtration and
the direct transfer sterility tests.



Antibiotics may not be susceptible to
neutralization by chemical means, but rather
by enzymatic treatment (e.g., penicillinase).
These enzymes may be used where required.

Methods of Neutralizing Antimicrobial Properties

Dilution


A second approach to neutralizing
antimicrobial properties of a product
is by dilution, because the
concentration of a chemical
bactericide exerts a large effect on
its potency. The relationship
between concentration and
antimicrobial effect differs among
bactericidal agents but is constant
for a particular antimicrobial agent.
This relationship is exponential in
nature, with the general formula:
Cηt=k

Methods of Neutralizing Antimicrobial Properties

Dilution, cont’d.


in which C is the concentration; t is
the time required to kill a standard
inoculum; k is a constant; and η the
concentration exponent, is the
slope of the plot of log t versus log
C. Antimicrobial agents with high η
values are rapidly neutralized by
dilution, whereas those with low η
values are not good candidates for
neutralization by dilution.

Methods of Neutralizing Antimicrobial Properties
Dilution—
Concentration Exponents for Some Common
Antimicrobial Agents

Representative
Antimicrobial Agent

Increased time factor (x) to kill microorganisms when
the concentration is reduced to:
η values

One-half

Phenolics

6

64

729

Alcohol

10

1,024

59,000

Parabens

One-third

2.5

6

16

Chlorhexidine

2

4

8

Mercury compounds

1

2

3

Quaternary ammonium
compounds

1

2

3

Formaldehyde

1

2

3
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Methods of Neutralizing Antimicrobial Properties



An approach that is often used, especially in sterility testing, is neutralization by membrane
filtration. This approach relies upon the physical retention of the microorganism on the
membrane filter, with the antimicrobial agent passing through the filter into the filtrate. The filter is
then incubated for recovery of viable microorganisms.



However, filtration alone may not remove sufficient quantities of the bactericidal agent to allow
growth of surviving microorganisms. Adherence of residual antimicrobial agents to the filter
membrane may cause growth inhibition. Filtration through a low-binding filter material, such as
polyvinylidene difluoride (PVDF), helps to minimize this growth inhibition.



Additionally, the preservative may be diluted or flushed from the filter by rinsing with a benign
fluid, such as diluting Fluid A. Chemical neutralizers in the rinsing fluid can ensure that any
antimicrobial residue on the membrane does not interfere with the recovery of viable
microorganisms.
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Desired Properties of an Inactivating Agent

It should not have
an inhibitory effect
on microorganisms

It should overcome
completely the
activity of the
inhibitor
(disinfectant)

If it combines with,
and neutralizes, the
inhibitor, the
resultant product
should be non-toxic
to microorganisms
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Validation of Neutralization Methods: Recovery Comparisons



A validated method for neutralizing the antimicrobial properties of a product
must meet two criteria: neutralizer efficacy and lack of neutralizer toxicity.



The validation study documents that the neutralization method employed is
effective in inhibiting the antimicrobial properties of the product (neutralizer
efficacy) without impairing the recovery of viable microorganisms (lack of
neutralizer toxicity). Validation protocols may meet these two criteria by
comparing recovery results for treatment groups.
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Treatment Groups

Test Group
Neutralizer Efficacy
Peptone Control Group
Neutralizer Toxicity
Viability Group
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Validation of Neutralization Methods: Recovery Comparisons



The protocol must show that recovery of a low inoculum (less than 100 cfu) is
not inhibited by the test sample and the neutralization method. Validation
protocols may meet these two criteria by comparing recovery among three
distinct test groups:

1.

neutralized product with inoculum

2.

challenge inoculum control in buffered solution

3.

inoculum in the absence of product or neutralizer. This can be established by
directly comparing the result in the treated solution (1) to the inoculum (3)
above. If the growth on the treated solution is not comparable to the growth on
the inoculum group, it should be determined whether the neutralization method
itself is toxic to the microorganisms.
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Validation of Neutralization Methods: Recovery Comparisons

Why are there
Recovery
on agar
medium

Recovery
by
membrane
filtration

3

Recovery
in liquid
medium

comparisons?
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Type of Recovery by Test

Test
AET
Bioburden
Water
BIs
Air samples
RODAC
Sterility
Microbial Limits
Bulk Bioburden

Recovery
Agar, Membrane on Agar
Agar, Membrane on Agar
Membrane on Agar, Liquid
Liquid, Agar, Membrane on Agar
Agar
Agar
Membrane in Liquid, Liquid
Liquid, Agar
Liquid, Agar
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General Approach

Similar recovery
between control
group and the
viability group
indicates adequate
neutralizer toxicity

Each group
receives
inoculum with
less than 100 cfu

Similar recovery between the
test group and the control
group demonstrates adequate
neutralizer efficacy
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Recovery on Agar Medium

Three
independent
replicates of the
experiment should
be performed

Average number
of cfu obtained
from each group
should be
determined

A mean count of
any of the test
organisms not
differing by a
factor greater than
2, i.e., 50%–200%
recovery, from the
value of the
control in the
absence of
product
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Recovery in Liquid Medium

Use the three
groups described
earlier (test,
control, viability)

Method may be
considered as
validated if
copious growth
occurs for all
three groups

Why is there no
quantitative
assessment in
this case?
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Acceptance Criteria for
Pharmaceutical Preparations
and Substances for
Pharmaceutical Use

Introduction



The presence of certain microorganisms in nonsterile preparations may have
the potential to reduce or even inactivate the therapeutic activity of the product
and has a potential to adversely affect the health of the patient



Manufacturers therefore have to ensure a low bioburden of finished dosage
forms by implementing current guidelines on Good Manufacturing Practice
during the manufacture, storage and distribution of pharmaceutical preparations
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Introduction
Microbial examination of nonsterile products is
performed according to the methods given in the texts
on USP <61> Microbiological Examination of
Nonsterile Products: Microbial Enumeration Tests and
USP <62>Microbiological Examination of Nonsterile
Products: Tests for Specified Microorganisms.
Acceptance criteria for nonsterile pharmaceutical
products based upon the total aerobic microbial count
(TAMC) and the total combined yeasts and molds
count (TYMC) are given in Tables 1 and 2. Acceptance
criteria are based on individual results or on the
average of replicate counts when replicate counts are
performed (e.g., direct plating methods)
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<1111> Acceptance Criteria for Pharmaceutical Preparations



Table 1 Acceptance Criteria for Microbiological Quality
of Nonsterile Dosage forms based on route of
Administration: TAMC, TYMC, specified
microorganisms
–

Oral aqueous and nonaqueous

–

Rectal

–

Oromucosal, cutaneous, nasal, etc.

–

Vaginal

–

Transdermal

–

Inhalation
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Microbiological Quality Criteria for Nonsterile Dosage Forms

Dosage Form

TAMC cfu/g or
mL

TCYMC cfu/g or
mL

Absence of Specified Organism Requirement
(1 g or mL)

Oral non-aqueous

1,000

100

E. coli

Oral aqueous

100

10

E. coli

Rectal products

1,000

100

-

Topical and nasal
products

100

10

S. aureus; P. aeruginosa

Vaginal products

100

10

S. aureus; P. aeruginosa; C. albicans

Inhalants

100

10

S. aureus; P. aeruginosa
Bile-tolerant Gram-negative bacteria
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Microbiological Quality Criteria for Nonsterile Drug Substances

Dosage form

TAMC cfu/g
or mL

TCYMC cfu/g
or mL

API’s, Excipients

1,000

100

Absence of Specified Organism
Requirement (1 g or mL)
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USP <62> Tests for Specified Microorganisms


Presence of E. coli



Presence of Salmonella sp.



Presence of P. aeruginosa



Presence of S. aureus



Presence of C. albicans*



Presence of Clostridium sp*



Presence and quantitative
determination of Bile-tolerant Gramnegative bacteria*



Are there any other objectionable
Microorganisms?
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USP <1111> Acceptance Criteria for Pharmaceutical Preparations

In addition to the
microorganisms listed in Table
1, the significance of other
microorganisms recovered
should be evaluated in terms of
the following:

The use of the product (eye,
nose, etc.)

The nature of the product: does
it support growth?

The intended recipient: risk may
differ for neonates, infants, the
debilitated

The presence of disease,
wounds, organ damage

Where warranted, a risk-based
assessment of the relevant
factors is conducted by
qualified personnel

The method of application
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FDA Said What? No Objectionable Organisms



21 CFR 211.113 Control of microbiological contamination (a)
Appropriate written procedures, designed to prevent
objectionable microorganisms on drug products not required to
be sterile, shall be established and followed.
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And What Else?

21 CFR 211.165 Testing and
release for distribution... (b) There
shall be appropriate laboratory
testing, as necessary, of each batch
of drug product required to be free of
objectionable microorganisms

Not just free of USP Specified Organisms
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Not Just Free of USP Specified Organisms

Salmonella spp.

Escherichia coli

Staphylococcus aureus

Clostridia

Pseudomonas aeruginosa

Candida albicans
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Objectionable Organisms


The concept of objectionable
microorganisms does not apply to
sterile products where all
organisms must be excluded from
the product



It would apply to microbial testing of
nonsterile products, and the
evaluation of microorganisms
isolated in environmental
monitoring and cleaning validation
in nonsterile product manufacturing
areas
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Objectionable Organisms

An objectionable microorganism
can be defined as:


An organism that can proliferate in
a product, adversely affecting the
physical and therapeutic attributes
of that pharmaceutical product, and



An organism that due to its
numbers in the product and
pathogenicity can cause infection in
the patient when treated with that
pharmaceutical product
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Objectionable Microorganisms

Then What Is the Problem?

Non-sterile products can
contain certain
microorganisms at low levels

Problem starts with…which
microbes are NOT allowed?
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Then What Is the Problem?
You analyze the product for microbial bioburden and

or

a known bad bug is isolated
then the decision is a simple
one—reject and destroy.

re-process the batch if it has
been validated and approved
in your application.
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“Absence of Specified Microorganisms” USP <62>



Not a test for “objectionable organisms”



Designed only to meet specific monograph
requirements



Should not be used to determine
microbiological quality of non-sterile
products beyond this narrow focus
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“Absence of Specified Microorganisms” USP <62>



Specified microorganisms are an indicator/
sentinel organism's indicative of
contamination,



Not all opportunistic pathogens can be
isolated,



Employ general media such as TSA with
neutralizers, and all organisms may be
identified and evaluated.
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Risk Analysis



The systematic use of information to
identify sources and to estimate the
probability of an event and its
consequences.



Risk analysis provides the basis for risk
evaluation and subsequent decisions.



Source: ISO Guide 73
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Review Process for Risk Analysis: Critical Elements



The Microorganism(s)



The Product Characteristics



The Potential Impact on Patients
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How to Determine If an Organism Is Objectionable
 One

approach: once all
organisms grown in the total
count studies (total aerobic as
well as total yeast and mold)
are identified, a qualified
microbiologist would conduct a
risk analysis on the presence
of that organism in that
dosage form.
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How to Determine If an Organism Is Objectionable
 As

an aid to clearly defining
the risk(s) for risk analysis
purposes, three fundamental
questions are often helpful:
–

What might go wrong?

–

What is the likelihood (probability)
it will go wrong?

–

What are the consequences
(severity)?

What Level of Risk Is
“Acceptable”?
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How to Determine If an Organism Is Objectionable



The risk analysis should
incorporate a minimum of five
separate analyses:
–

Absolute Number of Organisms Seen

–

The Characteristics of the
Microorganisms

–

Product Characteristics

–

Route of Administration

–

Potential Impact on Patients
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What’s Wrong with High Total Plate Counts?



An issue with raw materials



The high counts may indicate that
the microorganisms are thriving in
the product



Perhaps the product preservative
system is not functioning



Perhaps the preservative was
missing or incorrectly formulated

174
© 2020 USP

What’s Wrong with High Total Plate Counts?



High microbial counts, even from
nonpathogenic microorganisms,
may impact the shelf life or stability
of the active ingredients during
product storage if not refrigerated
and if sufficient water activity (aw)
exists.
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Characteristics of the Microorganisms



The characteristics of the microorganism can be determined by a search of
textbooks, library work, internet searches or a combination of all of these. It
is always a good idea to remember that you are interested in the
microbiology of the situation. Do not restrict the search to pharmaceutical
sources as most of the best information will come from food, environmental,
clinical and perhaps cosmetic microbiology sources in addition to the
pharmaceutical field



Determine if the organism is a known pathogen
(Bad Bug Book–FDA)



Potential for the organism to cause spoilage of the product
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Product Characteristics



The dosage form is important to
consider:
–

Is the product anhydrous or water
based?

–

Does it have sufficient free water (water
activity) to support microbial growth?

–

Is it a multiple or single-use product?

–

Does the active ingredient have inherent
antimicrobial activity (preservative
system)?
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Route of Administration
 The

route of administration is
also important. A medication
orally administered can
tolerate some microorganisms
that would be disastrous in a
medication meant to be
applied topically to abraded
skin or to rashes. Similarly,
some microorganisms that
could be tolerated in a topical
would cause severe distress
to a patient if taken orally.
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Route of Administration
 Inhalants,

although not
required to be sterile, are a
particularly sensitive area and
great care should be taken in
classifying any contaminate as
“non-objectionable.”
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Potential Impact on Patient

of the targeted patient population is
in order. The manufacturer cannot control, and
should be held accountable, for patient abuse of a
product or off-label use of the product by physicians.

 A consideration

 However,

reasonable use of the product should be
considered and part of the risk analysis.
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Potential Impact on Patient

 Example:

neonates, infants,
debilitated individuals,
pregnant women,
immunodeficient individuals
(e.g., HIV, undergoing
chemotherapy), the elderly,
individuals with malnutrition,
diabetes, asthma
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Microbial Contamination Control

Effects from Adjacent Areas
Seasonal Effects

Personnel Practices & Training
Cleaning & Maintenance

Disinfection

Product & Material Flow
Manufacturing
Sterilization
Personnel Hygiene

Area Equipment
Process

Environment

Aseptic Final Product Filling

Validation
Facility Design
Personnel Traffic Flow
HVAC
Storage Condition
Biofilm

Water
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Microbial Contamination Control

Effects from Adjacent Areas
Seasonal Effects
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… difficult to control …
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Performing a Risk Assessment



Serves as a foundation

Responsibility of determining whether
an organism is objectionable,
whether it is an environmental isolate
or one isolated from a product or raw
material, resides with the Micro
Laboratory
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Objectionable Microorganisms



In general, objectionable
microorganisms are those that are
known to be frankly pathogenic
and, given the product’s route of
administration, are present in
sufficient numbers that could result
in an unacceptable level of patient
risk.
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So What Do I Know?



It is an exercise in vain to produce
a list of objectionable
microorganisms



It is therefore prudent to focus on
prevention of objectionable
conditions
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USP <1112> Application of
Water Activity Determinations
to Non-Sterile Pharmaceutical
Products

Water Activity



Water activity has been
extensively used in the food
industry to prepare products
(where the available moisture is
reduced, such as dried fruit, syrups,
and pickled meats and vegetables)
with a low risk of microbial
contamination.
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Water Activity



Water activity has been
successfully applied in the cosmetic
industry and can be successfully
employed in the consumer health
and pharmaceutical industries.
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Water Activity



Other product attributes, for example, low or high pH, absence of nutrients,
presence of surfactants and addition of antimicrobial agents, as well as low
water activity, help to prevent microbial growth.



However, it should be noted that more resistant microorganisms, including
spore-forming Clostridium spp., Bacillus spp., Salmonella spp. and filamentous
fungi, although they may not proliferate in a drug product with a low water
activity, may persist within the product.

Bacillus spp

Clostridium spp

Bacillus
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Low-Water Activity Foods

192
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Water Activity
Water Activity and the USP:


Friedel, RR and Cundell, AM, The Application of Water
Activity Measurement to the Microbiological Attributes
Testing of Non-Sterile Over-the-Counter Drug Products,
Pharmacopieal Forum, Vol. 24, No. 2, pp. 6087-6090,
1998



USP Informational Chapter <1112> Application of Water
Activity Determinations to Non-Sterile Pharmaceutical
Products was published as a draft chapter in
Pharmacopeial Forum 28(6) 2009-2013 NovemberDecember 2002.



The chapter became official in the Second Supplement to
USP 29 on August 1, 2006.
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Water Activity

The determination of water
activity of non-sterile
pharmaceutical dosage forms
aids in the decisions relating to
the following:


Optimizing product formulations to improve
antimicrobial effectiveness of preservative
systems



Reducing the degradation of active
pharmaceutical ingredients within product
formulations susceptible to chemical
hydrolysis
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Water Activity

The determination of water
activity of non-sterile
pharmaceutical dosage forms
aids in the decisions relating to
the following:


Reducing the susceptibility of formulations
(especially liquids, ointments, lotions, and
creams) to microbial contamination



Providing a tool for the rationale for
reducing the frequency of microbial limit
testing and screening for objectionable
microorganisms for product release and
stability testing using methods contained in
the General Test Chapter <61>
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Water Activity

Reduced water activity (aW) will
greatly assist in the prevention of
microbial proliferation in
pharmaceutical products and the
formulation, manufacturing steps and
testing of non-sterile dosage forms
should reflect this parameter.
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What Is Water Activity?
Water Activity or Aw


Is the ratio of the vapor pressure of water in a product (P) to the vapor pressure
of pure water (Po) at the same temperature? It is numerically equal to 1/100 of
the relative humidity (RH) generated by the product in a closed system



It is a measure of the free or available moisture in the material
Note: Water activity ≠ water content
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Water Activity Equipment

RH can be calculated:
1. From direct measurements of
partial vapor pressure or dew
point
2. From indirect measurement
by sensors, whose physical
or electric characteristics are
altered by the RH to which
they are exposed
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Water Activity Measurement

The Aw measurement may be
conducted using the AOAC
International dew point/chilled
mirror method.

www.aoac.org

199
© 2018 USP

Water Activity
Why is Aw Important for Microbial Growth?


Microorganisms need available water
within a product to proliferate.



Water activity, not water content, is a
better measure of the free water, in
contrast to bound water, that microbial
cells require for metabolic activity and
osmotic regulation.
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Water Activity

Effects of reduced Aw on
microbial growth:


Longer lag phase, slower growth
rate and lower numbers of
organisms in the stationary phase



Below a specified Aw for an
organism, microbial growth will not
occur.
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Microbial Limit Testing



The microbial testing methods for non-sterile drug
products are defined in USP Chapters <61> and <62>
Microbiological Examination Tests.



The microbial enumeration tests are the Total Aerobic
Microbial Count and the Total Combined Yeast and Mold
Count (USP <61>).



The pharmaceutical products are screened using the
absence of specified microorganisms tests (USP <62>).
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Microbial Specifications



USP <1111> contains the harmonized acceptance criteria
for the microbiological quality of non-sterile dosage forms.



The chapter emphasizes the need to exclude other
organisms from drug products based on a risk
assessment as required by the GMP regulations.
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Microbial Limit Testing

Why might we want to reduce
microbial limit testing?


Many non-sterile pharmaceutical
products have a low potential for
microbial contamination, so testing
is not a value-added activity.



Microbial testing increases the
product release cycle time, adding
to inventory costs and back orders.
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Opportunities


When justified by formulation,
manufacturing processes, patient
profiles and testing histories, lot-bylot microbial limit testing of liquidand powder-filled capsules,
compressed tablets, rectal
suppositories, topical ointments,
inhalation aerosols and lip balms
may be replaced by periodic
testing.



The microbial resistance of other
dosage forms may be increased by
decreasing the water activity of the
formulations.
205
© 2020 USP

Opportunities


When formulating an aqueous oral
or topical dosage form, candidate
formulations should be evaluated
for water activity so that the drug
product may be self-preserving, if
possible.



For example, small changes in the
concentration of sodium chloride,
sucrose, alcohol, propylene glycol
or glycerin in a formulation may
result in the creation of a drug
product with a lower water activity
that can discourage the proliferation
of microorganisms in the product.
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Opportunities, cont’d.


This is particularly valuable with a
multiple-use product that may be
contaminated by the user.



Packaging studies should be
conducted to test product stability
and to determine that the
container–closure system protects
the product from moisture gains
that would increase the water
activity during storage.
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Testing Strategy



Multiple-use aqueous drug products
with water activities greater than
0.75 would be formulated with a
preservative system and be
subjected to routine microbial limit
testing for release.



Drug products with water activities
below 0.75 would not be preserved
and after a risk assessment would
not be subject to routine microbial
limit testing for release.
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Water Activities (aW) Required to Support the Growth of
Representative Microorganisms
Water Activity (Aw)

Microorganism

0.97

Pseudomonas aeruginosa

0.95

Escherichia coli, Salmonella spp. And
Clostridium perfringens

0.90

Bacillus subtilis

0.86

Staphylococcus aureus

0.75

Halobacterium halobium (halophilic bacterium)

0.90

Saccharomyces cerevisae

0.77

Aspergillus niger

0.62

Zygosaccharomyces rouxii (osmophilic yeast)

0.61

Xeromyces bisporus (xerophilic fungi)
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Microbial Limit Testing Strategy Based on Water Activity

Water Activity

Microbial Growth Limit

Dosage forms

0.95

Gram-negative bacteria, e.g. Pseudomonas,
Escherichia, Proteus, Enterobacter, Burkholderia,
Shigella and Klebsiella; gram-positive spore
formers, e.g., Bacillus and Clostridium; Some yeast

Nasal sprays, inhalation
solutions, creams, liquid
antacids and eye drops

0.90

Bacteria, e.g., Salmonella, Serratia, Lactobacillus,
Aeromonas and Vibrio; Molds Rhizopus and Mucor;
yeast Rhodotorula and Pichia

Oral liquids, otics and topical
lotions

0.85

Gram-positive bacteria, e.g. Micrococcus and
staphylococcus; fungi Cladosporium; yeast
Candidia, Torulopsis and Hansenula

Cough syrups, gels and oral
suspensions

0.80

Most molds including mycotoxigenic Penicillium

-

0.75

Halophilic bacteria and mycotoxigenic Aspergillus

-

0.65

Osmophilic yeast

-

0.60

Xerophilic fungi

0.55

No microbial growth

Topical ointments

0.50

-

0.45

Liquid-filled capsules

0.40

Liquid-filled cough drops

0.35

Compressed tablets, powderfilled capsules and lip balms

0.30

Suppositories

0.25

Dry-powder and aerosol inhalants
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Reduced Testing Strategy


Reduced microbial limits testing may be
justified through risk assessment.
This reduction in testing, when justified,
may entail forgoing full microbial limits
testing, implementing skip-lot testing or
eliminating routine testing



Nonaqueous liquids or dry solid dosage
forms will not support spore germination or
microbial growth due to their low water
activity. The frequency of their microbial
monitoring can be determined by a review
of the historic testing database of the
product and the demonstrated
effectiveness of microbial contamination
control of the raw materials, ingredient
water, manufacturing process, formulation
and packaging system.
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Reduced Testing Strategy, cont’d.



The testing history would include microbial
monitoring during product development,
scale-up, process validation and routine
testing of sufficient marketed product lots
(e.g., up to 20 lots) to ensure that the
product has little or no potential for
microbial contamination. Because the
water activity requirements for different
gram-reactive bacteria, bacterial spores,
yeasts and molds are well described in the
literature, the appropriate microbial limit
testing program for products of differing
water activities can be established.
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Reduced Testing Strategy



For example, gram-negative bacteria
including the specific objectionable
microorganisms, Pseudomonas
aeruginosa, Escherichia coli and
Salmonella species will not proliferate or
survive in preserved products with water
activities below 0.91, while gram-positive
bacteria such as Staphylococcus aureus
will not proliferate below 0.86, and
Aspergillus niger will not proliferate below
0.77. Furthermore, even the most
osmophilic yeast and xerophilic fungi will
not proliferate below 0.60, and they cannot
be isolated on compendial microbiological
media.
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Reduced Testing Strategy

Similar arguments could be made for
the microbial limits testing of
pharmaceutical ingredients. However,
this would require pharmaceutical
manufacturers to have a
comprehensive knowledge of the
pharmaceutical ingredient
manufacturer's manufacturing
processes, quality programs and
testing record. This could be obtained
through a supplier audit program.
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USP <1115> Bioburden
Control of Nonsterile Drug
Substances and Products

USP <1115> Bioburden Control of Nonsterile Drug Substances and
Products



No well-defined regulatory standards or
guidance exists for the microbiological/
bioburden control of nonsterile
pharmaceutical manufacturing
environments



Environmental control and monitoring of
nonsterile processes either range from
non-existent to parallel programs to aseptic
processing



Data generated from some programs may
be of little value for the control of the
microbiological quality of nonsterile
environments in which the product is
manufactured
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Approach

So, how do we effectively apply
microbial control in the
manufacture of nonsterile
products?


Microbial contamination in
nonsterile products is controlled to
a level consistent with patient
safety, but excessive controls that
would add complexity/cost without
a commensurate safety benefit are
not advantageous to either the end
user or the manufacturer.
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Approach, cont’d.

So, how do we effectively apply
microbial control in the
manufacture of nonsterile
products?


Therefore, a scientifically pragmatic
approach to management of the
microbial bioburden in nonsterile
products requires consideration of
patient risk and the contamination
control objectives required to
achieve a practical level of risk
management.
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Approach



Use HACCP to understand the
process
–

Hazard Analysis and Critical Control
Points (HACCP) is a safety management
system that relies on process controls to
minimize risks



Define where microbial
contamination could occur



Effectively determine the best
control and monitoring methods
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Hierarchy of Product Risk


A hierarchy of nonsterile drug
dosage forms with potential risk
(high to low) to end users from a
microbial contamination perspective
is:
–

Metered-dose and dry powder inhalants

–

Nasal sprays

–

Otics

–

Vaginal suppositories

–

Topicals

–

Oral liquids (aqueous)

–

Oral liquids (non-aqueous)
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Hierarchy of Product Risk (cont.)


A hierarchy of nonsterile drug
dosage forms with potential risk
(high to low) to end users from a
microbial contamination perspective
is:
–

Rectal suppositories

–

Liquid-filled capsules

–

Compressed tablets and powder-filled
capsules
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nonsterile Product Microbial Influences

223
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USP <1115> Bioburden Control of nonsterile
Drug Substances and Products
While there are many factors that can result in
the introduction of microorganisms, recent data
on product failures and recalls indicate that the
following factors are the most likely to result in
product recalls due to higher than acceptable
levels of microbiological content. These
manufacturing risk factors are, in descending
order:
1.

ingredient water,

2.

pharmaceutical ingredients,

3.

process equipment,

4.

manufacturing personnel

5.

manufacturing environment
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Regulatory Guidance



Appropriate written procedures,
designed to prevent objectionable
microorganisms in drug products
not required to be sterile, shall be
established and followed (21 CFR
211.113 Control of microbiological
contamination).
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Water



Process water is the single most
important risk element contributing
to the contamination of nonsterile
products. The quality or type of
water used for nonsterile product
formulation and final rinse of clean
equipment should be chosen based
on product risk. Purified waters
used in pharmaceutical
manufacturing are deionized and
thus do not contain chlorine to
control microbial growth.
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Water



Substantial populations of Gramnegative rod-shaped bacteria and
many molds are able to grow in
such purified dechlorinated water.
Therefore, purified water should not
be allowed to stand in pools or
puddles for extended periods of
time.



Standing purified water should be
drained or physically removed
quickly and efficiently from both
production vessels and equipment,
as well as work surfaces and floors.
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Water



Process waters used for
manufacturing of excipients, and in
some cases, active ingredients for
nonsterile products present a
substantial risk for microbial
colonization and proliferation,
particularly for ingredients of natural
origin that have received minimal
processing to reduce bioburden or
to control microbial proliferation.
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Pharmaceutical Ingredients



Ingredients and excipients utilized
in process formulation can be a
significant source of microbial
contaminants and are in fact the
second leading cause of product
recalls for microbial contamination.



Vendor audits, specifications,
testing, package selection,
shipping, storage conditions and
expiry dates are all critical in the
reduction of microbial risk
associated with these materials.
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Pharmaceutical Ingredients



When manufacturers cannot
conduct extensive vendor audits,
they should select vendors with the
demonstrated capacity to produce
drug substances or excipients of
suitable quality.



Of particular concern are
unprocessed materials of natural
origin and those that have a high
level of water activity.
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Pharmaceutical Ingredients



Supplier audits should be
conducted to establish that the
supplier has a well-designed and
validated microbiological control
program for its manufacturing and
packaging facilities. Depending on
the microbial characteristics of an
ingredient, manufacturers should
consider periodic monitoring of the
supplier’s facility to assess
microbiological contamination.
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Pharmaceutical Ingredients



Materials that have low water
activity, possess high or low pH, are
not of natural origin, are inherently
antimicrobial or contain an
antimicrobial preservative have a
low risk for microbial colonization or
proliferation.



Risk assessments should consider
ingredient characteristics regarding
microbial survival, support of
microbial growth, or frank
antagonism to microbial survival.
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Pharmaceutical Ingredients



The introduction of moisture into
stored materials notably increases
the risk of microbial contamination.



Condensation in storage tank
headspace or impermeable storage
containers can result in
contamination of materials with
water-borne organisms even when
the product under storage is
expected to preclude microbial
colonization or proliferation.
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Pharmaceutical Ingredients



Manufacturers also should consider
the suitability of methods for
detecting relevant non-compendial
organisms.



Primary packaging and
intermediate containers (e.g., drum
liners, plastic bags and so on) can
be a source of microbial
contamination, and manufacturers
should consider their initial quality,
storage conditions, preparation and
handling procedures.
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Equipment Design and Use



Formulating and manufacturing
equipment can be a source of
contamination, and risks are higher
when water and ingredients that are
susceptible to microbial survival or
growth are used.
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Equipment Design and Use


Cleaning, drying and, where
appropriate, sanitization of
manufacturing equipment can be
beneficial, but disinfectant residues
should be limited in the operating
environment and should be
removed from product-contact
surfaces.



The isolation of water-borne
organisms, particularly Gramnegative rods, is a likely indicator of
failure to remove standing water on
equipment and environmental
surfaces
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Equipment Design and Use



Equipment specifications for the
selection of equipment to be used
in the manufacture of nonsterile
products should include sanitary
design; clean ability of equipment to
allow removal of contaminants.



Equipment should use sanitary
fittings and be designed for easy
use of cleaning and sanitizing
agents and complete rinse water
drainage.
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Equipment Design and Use



Residual water in tanks, in piping,
or on equipment surfaces
introduces the risk of colonization
by water-borne organisms.



Manufacturing equipment that
cannot be cleaned in place should
be readily accessible for manual
cleaning, and parts that must be
cleaned out of place should be not
only easily accessible but also
readily or easily removable.
238
© 2020 USP

Equipment Design and Use



A further consideration is the
compatibility of equipment with the
typical range of disinfectants,
including sporicides, used in
cleaning procedures to sanitize
equipment.

www.ebay.com
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Process Equipment



Cleaning and sanitization
processes should include the
evaluation of microbial content both
after sanitization and before use.



Properly designed storage
protection should mitigate the
possibility of microbial growth
before use, so that after proper
storage conditions are validated
ongoing monitoring of equipment
and utensils should not be required.
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Process Equipment



Surface microbial sampling either
immediately after cleaning or
immediately before use must be
done with caution; media residues
and residual moisture must be
carefully eliminated if sampling is
performed.
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Process Equipment



It is important to evaluate whether products
that are manufactured using a piece of
processing equipment may, under some
processing circumstances, promote the
growth of microorganisms.



This evaluation is necessary to properly
establish processing hold times and to
define equipment use conditions postcleaning. Intermediates that require hold
times include granulation solution, wet
granulations, film coating solution and
aqueous material prior to the addition of
antimicrobial preservatives.
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Personnel



In addition to emphasis on personal
hygiene, operators should be
trained and dressed appropriately
for the function they are performing



Attention should be given to when
product is exposed to
manufacturing personnel in open
systems
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Design Elements to Control Microbial Contamination



Common design elements to
control microbial contamination
may include the following:
–

Walls, ceilings and floors are constructed
of nonporous materials that are readily
cleanable and are not resistant to
cleaning agents and disinfectants.

–

Floor drains are permitted in nonsterile
product manufacturing areas provided
that they can be closed during
processing or fitted with a suitable air
brake if they are open during area and
equipment cleaning.
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Design Elements to Control Microbial Contamination, cont’d.



Common design elements to
control microbial contamination
may include the following:
–

Access should be limited to essential
personnel.

–

Material, equipment and personnel flows
should avoid contamination.
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Design Elements to Control Microbial Contamination, cont’d.



Ventilation and air filtration should
be adequate to maintain the
specified cleanliness, space
pressurization (if required),
temperature and relative humidity.



Good housekeeping and good
general hygiene should be applied
at all times.
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Design Elements to Control Microbial Contamination, cont’d.



Cleaning and use status of all tools
and implements used in production
and all process equipment should
be known at all times.



Product-contact or water-supply
tubing, valves and fittings should be
cleaned and sanitized according to
a defined schedule, should be
stored dry and should be labeled
with respect to status
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Design Elements to Control Microbial Contamination, cont’d.



Manufacturers should implement a
formal housekeeping and
sanitization program for operating
areas, corridors, equipment
storage, material staging and other
common areas.



Classified environments are not
required for nonsterile product
manufacturing, e.g., those specified
in ISO 14644-1
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Microbial Monitoring



A monitoring program, commensurate with
the risk, may be of value confirming the
effectiveness of microbiological controls
and in early detection of potential problems
within the manufacturing areas.



The microbial methods and practices
utilized for aseptic facilities may be utilized;
however, the contamination recovery rates
defined in <1116> Microbiological Control
and Monitoring of Aseptic Processing
Environments are NOT intended for
nonsterile environments.
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Microbial Monitoring



Unlike aseptic processing for which
facility requirements are generally
uniform in specification and
performance, nonsterile product
manufacturing environments
typically involve diverse products
and microbial contamination control
requirements.



In general, liquid, cream or
ointment products require a greater
level of contamination risk
mitigation than do solid dosage
forms
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Microbial Monitoring



The frequency of monitoring should
reflect the potential risk associated
with the dosage form



Products that are resistant to
microbial colonization or have
microbiocidal or microbiostatic
characteristics require little or no
microbiological monitoring.



In general, environments for tablet
and powder- and liquid-filled
capsule manufacturing should
require no monitoring or infrequent
monitoring.
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Microbial Monitoring



Monitoring programs should be risk
based, and the intensity and
number of sampling sites should
reflect the risk level. Manufacturing
areas for higher-risk dosage forms
such as inhalant products require
more frequent monitoring and
typically are manufactured in rooms
classified to a particulate air quality
level, e.g., ISO 8.
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Microbial Monitoring



For most nonsterile product
manufacturing environments,
because of their limited
environmental controls and
comparatively low product risk, the
establishment of alert and action
levels may not be required.
Environmental monitoring is
considered an informational survey
of the general hygienic conditions
of the environment and should not
be used in product-release
decisions.
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Overall Program



The management of a successful
microbiological control program
includes the following: identification
of suitable suppliers of
pharmaceutical ingredients and
excipients that have good
microbiological quality; conducting
a microbial risk assessment of the
manufacturing process and
packaging system; and the
establishment of an appropriate
monitoring and control system.
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Overall Program



Although environmental
contamination is by no means the
most significant cause of nonsterile
product recalls or contamination
events, environmental monitoring
may be a useful component in the
overall microbiological control
program.
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Overall Program



The microbiological contamination
control program should be
developed for identifying and
controlling product risk, based on a
formal assessment of risk
modalities. The risk analysis should
result in the identification of critical
control points and should facilitate
proper equipment selection,
process layout and design, and
facility requirements.
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Overall Program



Critical factors for the prevention of
microbiological contamination
during nonsterile product
manufacturing are control of the
microbiological quality of
ingredients and water, along with
the development of proper cleaning
and sanitization procedures.



Microbiological monitoring does not
mitigate risk, but it can serve as a
sentinel.
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Overall Program



No monitoring program can provide
the assurance of contamination
control like a proper proactive
analysis of potential sources of
contamination followed by the
adoption of sound preventive
measures. Consistent control of
contamination can be achieved
mainly by process evaluation via
risk assessment and studies to
ensure that measures are in place
to prevent conditions conducive to
contamination.
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