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Learning Objectives

Describe the changes taking place with the 
implementation of USP 825, 797, and 795.

Identify the additional USP Chapters that are applicable 
to nuclear pharmacy. 

Describe how internal procedures and parameters are 
determined and why they matter. 
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Outline

• USP <825> Radiopharmaceuticals – Preparation, 
Compounding, Dispensing, and Repackaging

• USP <795> Pharmaceutical Compounding – Nonsterile 
Preparations

• USP <797> Pharmaceutical Compounding – Sterile 
Preparations

Part 1Part 1

• USP <7> Labeling
• USP <71> Sterility Tests
• USP <85> Bacterial Endotoxins Tests
• USP <659> Packaging and Storage Requirements
• USP <790> Visible Particulates in Injections
• USP <1116> Microbiological Control and Monitoring of 

Aseptic Processing Environments

Part 2Part 2

USP <7> Labeling
 Official: September 1, 2023

 Enforceable: November 1, 2023

LABELS AND LABELING FOR DRUG PRODUCTS AND COMPOUNDED PREPARATIONS 
EXPRESSED AS ACTIVE MOIETY IN NAME AND STRENGTH

The names and strengths of drug products and compounded preparations formulated with a salt of an acid or base are to 
be expressed in terms of the active moiety on the label (see Nomenclature (1121), Monograph Naming Policy for Salt Drug 
Substances in Drug Products and Compounded Preparations).

Labeling

The labeling clearly states the specific salt form of the active moiety that is present in the product or preparation because
this information may be useful to practitioners and patients. The names and strengths of both the active moiety and specific
salt form (when applicable) are provided in the labeling.

Exceptions

In rare cases in which the use of the specific salt form of the active moiety in the tit le provides vital information from aclinical
perspective, an exception to this policy may be considered. In such cases, when the monograph tit le contains the specific salt
form of the active moiety, the strength of the product or preparation is also expressed in terms of the specific salt form.

LABELS AND LABELING FOR INJECTABLE PRODUCTS

The labels1 and the labeling state the following information:
• Name of the product

○ In the case of a liquid, the quantity or proportion of each active moiety or drug substance in a specified volume
○ In the case of any product to which a diluent must be added before use, the quantity or proportion of each active

moiety or drug substance, name and volume of diluent to be added, the concentration after the diluent is added,
directions for proper storage of the constituted solution, and a BUD (see Expiration Date and Beyond-Use Date)

• Route(s) of administration

1

(7) LABELING

INTRODUCTION

This general chapter provides definitions and standards for labeling of official articles. Labeling standards for an article 
recognized in USP–NF are expressed in the article’s monograph and applicable general chapters. It is intended that all articles 
in USP or NF will be subject to the labeling requirements specified in this chapter by means of a provision in General Notices, 
10 Preservation, Packaging, Storage, and Labeling, unless different requirements are provided in a specific monograph. As with 
compendial standards for naming, identity, strength, quality, and purity, compendial requirements for labeling have a role in 
the adulteration and misbranding provisions of federal law [see the Federal Food, Drug, and Cosmetic Act (FDCA) sections 
501(b), 502(e)(3)(b), 502(g), and 502(h)]. Exceptions or additional requirements specific to animal drug products and 
compounded preparations are provided in separate sections. Vaccine labeling is not included in this general chapter.

DEFINITIONS

The term “labeling” includes all labels and other written, printed, or graphic matter on an article’s immediate container or
on, or in, any package or wrapper in which it is enclosed, except any outer shipping container. The term “label” is that part of
the labeling on the immediate container.

A shipping container that contains a single article, unless the container also is essentially the immediate container or the 
outside of the consumer package, must be labeled with a minimum of product identification (except for controlled substances), 
lot number, expiration date, and conditions for storage and distribution.

Beyond-use dates (BUDs) and expiration dates are not the same. An expiration date identifies the time during which a
conventionally manufactured product, active ingredient, or excipient can be expected to meet the requirements of a
compendial monograph, if one exists, provided it is kept under the prescribed storage conditions. The expiration date limits 
the time during which the conventionally manufactured product, active pharmaceutical ingredient (API), or excipient may be 
dispensed or used. Expiration dates are assigned by manufacturers of conventionally manufactured products based on analytical 
and performance testing of the sterility, chemical and physical stability, and packaging integrity of the product. Expiration dates 
are specific for a particular formulation in its container and at stated exposure conditions of illumination and temperature.

The beyond-use date (BUD) is the date or time beyond which a compounded preparation must be discarded. The date or 
time is determined from the date the preparation was compounded.

1 If there are space limitations, see 21 CFR§ 201.10(i), 21 CFR§ 201.105(b), 21 CFR§ 610.60.
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Example 1: 500 mg/10 mL
(50 mg/mL)

25,000 Units/5 mL
(5,000 Units/mL)

Example 2:

In certain cases, the primary and prominent expression of the total drug content per container is not effective in preventing 
medication errors and therefore in those cases, the total drug content per container should not be the primary and prominent 
expression of strength. Insulin products are an example of a product class that is an exception from the total drug content per 
container requirement. Another exception to expressing strength as quantity per total volume is lidocaine (or similar drugs for 
local anesthesia) where the product may be ordered and administered by percentage (e.g., 1% or 2%). In such cases, the 
percentage strength as well as the quantity per total volume followed in close proximity by quantity per milliliter enclosed by 
parentheses must be used.

2

• Name and quantity or proportion of all inactive ingredients except ingredients added to adjust the pH or to make the 
drug isotonic may be declared by name with a statement of their effect; if the vehicle is Water for Injection it need not be 
named

• Statement of storage conditions
• Name and place of business of the manufacturer, packer, or distributor
• Identifying lot number and expiration date
• “Rx only” for human drugs
• The recommended or usual dosage.
The container must be labeled so that a sufficient area of the container remains uncovered for its full length or circumference 

to permit inspection of the contents.
The lot number must be traceable to the complete manufacturing history of the specific package, including all manufacturing, 

filling, sterilizing, and labeling operations.
If the individual monograph permits varying concentrations of active moiety or drug substance in a large-volume injection 

(LVI), the concentration of each active moiety or drug substance named in the official title is stated as if it were part of the 
official title (e.g., 5% Dextrose Injection, or Dextrose Injection 5%, or 5% Dextrose and 0.2% Sodium Chloride Injection or Dextrose 
(5%) and Sodium Chloride (0.2%) Injection).

Quantity and Total Volume for Injectable Drug Products Packaged in Single- and Multiple-Dose 
Containers

For injectable drug products greater than 1 mL, whether packaged in single- or multiple-dose containers, the quantity per 
total volume should be the primary and prominent expression on the principal display panel of the label, followed in close 
proximity by quantity per milliliter enclosed by parentheses (quantity/mL).

For containers that hold a volume of less than 1 mL, the quantity per fraction of a milliliter should be the only expression of
strength. Forcontainers that hold a volume equal to 1 mL, the strength should be expressed as quantity per mil liliter (quantity/
mL), not quantity/1 mL.

The following example formats are acceptable:
1. For containers less than 1 mL: 12.5 mg/0.625 mL
2. For containers equal to 1 mL: 5 mg/mL (not 5 mg/1 mL)
3. For containers greater than 1 mL:

Example 1: 1%
(100 mg/10 mL)
(10 mg/mL)

2%
(1000 mg/50 mL)

(20 mg/mL)

Example 2:

Dry solids that must be constituted should follow the same format with the exception that only the quantity of the drug in
the container should be listed as the primary expression of strength, not the quantity per total volume or quantity per milliliter
(quantity/mL).

Example: 500 mg/vial

Ratio Expression of Strength

Single-entity injectable drug products must be labeled in terms of quantity per milliliter (quantity/mL) and not as a ratio 
expression.

Examples:
Epinephrine Injection, 1:1000 must be expressed as 1 mg/mL. 
Epinephrine Injection, 1:10,000 must be expressed as 0.1 mg/mL.
Isoproterenol Hydrochloride Injection, 1:5000 must be expressed as 0.2 mg/mL. 
Neostigmine Methylsulfate Injection, 1:1000 must be expressed as 1 mg/mL.
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1. Only cautionary statements may appear on the top (circle) surface of the ferrule and cap overseal of a vial containing an 
injectable product. The cautionary statement should appear on both the ferrule and cap, but may appear solely on the 
ferrule if the cap overseal is transparent and the cautionary statement beneath the cap is readily legible. A cautionary 
statement is one intended to prevent an imminent life-threatening situation and may include instructional statements 
that provide potency or other safety-related instructions if warranted. Examples of such statements include, but are not 
limited to: “Warning—Paralyzing Agent” and “Dilute before Using”. The cautionary statement should be printed in a
contrasting color and should be clearly visible under ordinary conditions of use.

2. If no cautionary statement is necessary, the top surface of the vial, including the ferrule and cap overseal, must remain 
blank.

3. Other statements or features including, but not limited to, identifying numbers or letters, such as code numbers, lot 
numbers, company names, logos, or product names, etc., may appear on the side (skirt) surface of the ferrule on vials 
containing injectable products, but not on the top (circle) surface of the ferrule or cap overseal. The appearance of such 
statements or features on the skirt surface of the ferrule should not detract from, or interfere with, the cautionary 
statement on the top surface.

Potassium Chloride for Injection Concentrate

The use of a black closure system on a vial (e.g., a black cap overseal and a black ferrule to hold the elastomeric closure) or
the use of a black band or series of bands above the constriction on an ampule is prohibited, except for Potassium Chloride for
Injection Concentrate (see (659)).

Neuromuscular Blocking and Paralyzing Agents

All injectable neuromuscular blocking agents and paralyzing agents must be packaged in vials with a cautionary statement 
printed on the ferrules and cap overseals. Both the container cap ferrule and the cap overseal must bear in black or white print 
(whichever provides the greatest color contrast with the ferrule or cap color) the words: “Warning: Paralyzing Agent” or 
“Paralyzing Agent” (depending on the size of the closure system). Alternatively, the overseal may be transparent and without 
words, allowing for visualization of the warning labeling on the closure ferrule.

3

Single-entity injectable drug products greater than 1 mL should be formatted as quantity per total volume on the principal 
display panel of the label followed in close proximity by quantity per milliliter (quantity/mL) enclosed by parentheses.

When combined with a local anesthetic, the concentration of epinephrine will be expressed as a ratio. 
Examples:

Lidocaine Hydrochloride and Epinephrine Injection 1%/1:100,000 
or
Lidocaine Hydrochloride 1% 
and
Epinephrine Injection 1:100,000

Pharmacy Bulk Package

Where a container is offered as a Pharmacy Bulk Package, the label must: 1) state prominently “Pharmacy Bulk Package—
Not for Direct Infusion”; 2) contain or refer to information on proper techniques to help assure safe use of the product; and 3) 
bear a statement limiting the time frame in which the container may be used once it has been entered, provided it is held under 
labeled storage conditions (see Packaging and Storage Requirements (659)).

Imaging Bulk Package

Where a container is offered as an Imaging Bulk Package, the label must: 1) state prominently “Imaging Bulk Package” and, 
in juxtaposition with this statement, include the following use statement: “For use only with an automated contrast injection 
system, contrast management system, or contrast media transfer set approved or cleared for use with this contrast agent in this 
Imaging Bulk Package”; 2) bear a statement limiting the time frame in which the container may be used once it has been 
entered, provided it is held under the labeled storage conditions; 3) bear the statement “See drug and device labeling for 
information on devices indicated for use with this Imaging Bulk Package and techniques to help assure safe use.” (See (659).)

Ferrules and Cap Overseals

Healthcare practitioners using injectable products must be able to easily see and act on labeling statements that convey 
important safety messages critical for the prevention of imminent life-threatening situations. These cautionary labeling 
statements must be simple, concise, and devoid of nonessential information. Products that do not require cautionary statements 
should be free of information, so that those with cautionary statements are immediately apparent. Accomplishing this requires a
systematic approach to the labeling of injectable products, and one that ensures that the ferrule and cap overseal—an area of 
these products that is highly visible to practitioners as they use these medicines—is reserved for critical safety messages.
Accordingly:
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The package insert for all LVIs, SVIs, and PBPs used in the preparation of PN admixtures or formulations must contain the 
following statement in the Warnings section of the labeling:

WARNING: This product contains aluminum that may be toxic. Aluminum may reach toxic levels with prolonged 
parenteral administration if kidney function is impaired. Premature neonates are particularly at risk because their kidneys 
are immature, and they require large amounts of calcium and phosphate solutions, which contain aluminum.
Research indicates that patients with impaired kidney function, including premature neonates, who receive parenteral
levels of aluminum at greater than 4 to 5 mcg/kg/day, accumulate aluminum at levels associated with central nervous
system and bone toxicity. Tissue loading may occur at even lower rates of administration.

Change to read:

LABELS AND LABELING FOR PRODUCTS IN OTHER CATEGORIES

Labels and Labeling of Liquids and Constituted Products

The labels1 and labeling state the following information:
1. In the case of a liquid product, the percentage content of each active moiety or drug substance or the amount of each

active moiety or drug substance in a specified volume.
2. In the caseof a product to which a diluent must be added before use, the amount of each active moiety or drug substance,

the name and volume of diluent to be added, the final volume of solution, the concentration after the diluent is added
(e.g., quant ity/mL or quantity/5 mL), directions for proper storage of the constituted solution, and an expiration or BUD
(see Expiration Date and Beyond-Use Date).

Amount of Active Moiety or Drug Substance per Dosage Unit

The strength of a drug product is expressed on the container label in terms of micrograms, milligrams, grams, or percentage 
of the therapeutically active moiety or drug substance, whichever form is used in the title, unless otherwise indicated in an 
individual monograph. Both the active moiety and drug substance names and their equivalent amounts are then provided on 
the container label and in the labeling (see Nomenclature (1121), Monograph Naming Policy for Salt Drug Substances in Drug 
Products and Compounded Preparations).

Official articles in capsule, tablet, or other dosage forms must be labeled to express the quantity of each active moiety or 
drug substance contained in each unit. Unit-dose oral solutions or suspensions (whether supplied as liquid products or as liquid 
products that are constituted from solids upon addition of a designated volume of a specific diluent) must be labeled to express 
the quantity of each active moiety or drug substance delivered under the conditions prescribed in Deliverable Volume (698). 
Official drug products not in unit-dose packaging must be labeled to show the quantity of each active moiety or drug substance 
in each milliliter or in each gram, or to express the percentage of each such ingredient (see General Notices, 8.140 Percentage 
Concentrations). Exceptions are oral liquids or solids intended to be constituted to yield oral liquids that, alternatively, can be 
labeled in terms of each 5-mL portion of the liquid or resulting liquid. Unless otherwise required by regulation [e.g.,
over-the-counter (OTC) regulation 21 CFR §201.62(b)] or indicated in a monograph or chapter, declarations of strength or 
quantity must be stated only in metric units [see also General Notices, 5.50.10 Units of Potency (Biological)].
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Aluminum in Large-Volume Injections (LVIs), Small-Volume Injections (SVIs), and Pharmacy Bulk 
Packages (PBPs) Used in Parenteral Nutrition (PN) Therapy2

1. The aluminum content of LVIs used in PN therapy must not exceed 25 mcg/L.
2. The package insert of LVIs used in PN therapy must state that the drug product contains no more than 25 mcg of 

aluminum per liter. This information must be contained in the Precautions section of the labeling of all LVIs used in PN 
therapy.

3. If the maximum amount of aluminum in SVIs and PBPs is 25 mcg/L or less, instead of stating the exact amount of 
aluminum that each contains, as in paragraph (4), the immediate container label for SVIs and PBPs used in the preparation 
of PN admixtures or formulations (with exceptions as noted below) may state: “Contains no more than 25 mcg/L of 
aluminum.” If the SVI or PBP is a lyophilized powder, the immediate container label may state the following: “When 
reconstituted in accordance with the package insert instructions, the concentration of aluminum will be no more than 
25 mcg/L.”

4. The maximum level of aluminum at expiry must be stated on the immediate container label of all SVIs and PBPs used in 
the preparation of PN admixtures or formulations. The aluminum content must be stated as follows: “Contains no more 
than mcg/L of aluminum.” The immediate container label of all SVIs and PBPs that are lyophilized powders used in 
the preparation of PN solutions must contain the following statement: “When reconstituted in accordance with the 
package insert instructions, the concentration of aluminum will be no more than mcg/L.” This maximum amount of 
aluminum must be stated as the highest one of the following three levels:

• The highest level for the batches produced during the past 3 years
• The highest level for the latest 5 batches
• The maximum level in terms of historical levels, but only until completion of production of the first 5 batches.

2 See 21 CFR §201.323. USP uses the follow ing terms: large-volume injections (LVIs),small-volume injections (SVIs), and parenteral nutrition (PN), rather
than terminology used in 21 CFR §201.323: large-volume parenterals, small-volume parenterals, and total parenteral nutrition.
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Expiration Date and Beyond-Use Date

▲EXPIRATION DATE▲ (IRA 1-Sep-2023)

The label of an official drug product ▲must▲ (IRA 1-Sep-2023) bear an expiration date. All products ▲must▲ (IRA 1-Sep-2023) display 
the expiration date so that it can be read by an ordinary individual under customary conditions of purchase and use. The 
expiration date ▲must▲ (IRA 1-Sep-2023) be prominently displayed in high contrast to the background ▲and it must▲ (IRA 1-Sep-2023)

be ▲printed or▲ (IRA 1-Sep-2023) sharply embossed ▲or debossed,▲ (IRA 1-Sep-2023) and ▲be clear to the user. The term “expiration 
date” may be abbreviated on the drug package label in a manner that allows the reader to understand the abbreviation to 
mean “expiration date” (e.g., EXP, Exp Date). The year must always be in a 4-digit format.

When all-numeric dates are used, they must be formatted using the year, the month, and, if applicable, the day, separated 
by hyphens or forward slashes in one of the following formats:

YYYY-MM-DD (e.g., 2019-06-30, 2019/06/30) 
YYYY-MM (e.g., 2019-06, 2019/06)

When alphanumeric dates are used, months must be displayed using at least three letters in one of the following formats: 
YYYY-MMM-DD (e.g., 2019-JUN-30, 2019/JUN/30)
YYYY-MMM (e.g., 2019-JUN, 2019/JUN)

If an expiration date is stated only in terms of the year and the month, then the intended expiration date is the last day of 
the stated month.

For containers that have insufficient space on the primary container to accommodate the full expiration date format described 
previously (e.g., topical ophthalmic ointment container crimps, blow-fill-seal ampules), use the all-numeric format YYYY-MM 
or the alphanumeric format YYYYMMM (without a hyphen or forward slash to accommodate space constraints). If there is a
lack of space in close proximity to the expiration date, the term designated to represent “expiration date” (e.g., EXP) may be 
omitted if the specific alphanumeric format, YYYYMMM, is used. However, all other packaging, including but not limited to a
carton, tray, or overwrap, must have the full expiration date format as described previously.▲ (IRA 1-Sep-2023)

The monographs for some ▲drug products▲ (IRA 1-Sep-2023) state how the labeled expiration date ▲must▲ (IRA 1-Sep-2023) be 
determined. In the absence of a specific requirement in the individual monograph for a drug product, ▲▲ (IRA 1-Sep-2023) the label
▲must▲ (IRA 1-Sep-2023) bear an expiration date assigned for the particular formulation and package of the product.
▲The▲ (IRA 1-Sep-2023) label need not show an expiration date ▲for the following exception: if the product is a human OTC drug 
product for which the labeling states no dosage limitations, it is packaged in a container that is intended for sale without 
prescription, and if the product is stable for not less than (NLT) 3 years when stored under the prescribed conditions. Refer to 
21 CFR 211.137(h).▲ (IRA 1-Sep-2023)

If an official ▲drug▲ (IRA 1-Sep-2023) product is required to bear an expiration date, the product ▲must▲ (IRA 1-Sep-2023) be dispensed
solely in or from a container labeled with an expiration date, and the date on which the article is dispensed ▲and intended to
be used must▲ (IRA 1-Sep-2023) be within the labeled expiry period. The expiration date identifies the time during which the article
can be expected to meet the requirements of the compendial monograph, provided it is kept under the ▲labeled▲ (IRA 1-Sep-2023)

storage conditions. The expiration date limits the time during which the article may be dispensed ▲and▲ (IRA 1-Sep-2023) used.
▲The label of a dietary supplement product recognized in USP and that claims conformance with USP must bear an expiration 

date for the specific dosage form formulation and package of the product, unless otherwise specified in the individual 
monograph. See General Notices, 3.10.20 Applicability of Standards to Medical Devices, Dietary Supplements, and Their Components 
and Ingredients for applicability of USP dietary supplement standards.

BEYOND-USE DATE▲ (IRA 1-Sep-2023)

The beyond-use date (BUD) is the date after which a product ▲or preparation must▲ (IRA 1-Sep-2023) not be used. The dispenser
▲must▲ (IRA 1-Sep-2023) place on the label of the prescription container a suitable BUD to limit the patient’s use of the article based 
on any information supplied by the manufacturer or this subsection. The BUD ▲must▲ (IRA 1-Sep-2023) not be later than the 
expiration date on the manufacturer’s container. Also see the Labels and Labeling for Compounded Preparations section.

For articles that require constitution before use, a suitable BUD for the constituted product ▲must▲ (IRA 1-Sep-2023) be identified 
in the labeling.

For all other dosage forms, in determining a BUD the dispenser ▲must▲ (IRA 1-Sep-2023) take into account, in addition to any 
other relevant factors:

• Nature of the drug
• Container in which it was packaged by the manufacturer and the expiration date thereon
• Characteristics of the patient’s container, if the article is repackaged for dispensing
• Expected storage conditions to which the article may be exposed
• Unusual storage conditions to which the article may be exposed
• Expected length of the course of therapy.
After considering these factors, the dispenser ▲must▲ (IRA 1-Sep-2023) label a container with a suitable BUD to limit the patient’s 

use of the article. Unless otherwise specified in the individual monograph or in the absence of stability data to the contrary,
the BUD ▲must▲ (IRA 1-Sep-2023) be ▲no▲ (IRA 1-Sep-2023) later than (a) the expiration date on the manufacturer’s container; or (b) 1
year from the date the drug is ▲packaged and/or labeled by the dispenser,▲ (IRA 1-Sep-2023) whichever is earlier, unless stability 
data or the manufacturer’s labeling indicates otherwise.
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Labels and Labeling for Compounded Preparations

The labels and labeling state the following information:
In the case of a compounded preparation, list the name(s) and amount(s) or concentrations of active moiety(ies) or drug 

substance(s) on the immediate container (see Pharmaceutical Compounding—Sterile Preparations (797) and Pharmaceutical 
Compounding—Nonsterile Preparations (795).)

In the case of a compounded preparation prepared in 503A facilities as defined by FDCA §503A, the labeling should indicate 
that “this is a compounded preparation.”

The label on the container or package of a compounded preparation must bear a BUD. The BUD is determined from the 
date the preparation is compounded. Because compounded preparations are intended for administration immediately or 
following short-term storage, their BUDs may be assigned based on criteria different from those applied to assigning expiration 
dates to manufactured drug products.

The monograph for an official compounded preparation typically includes a BUD that states the time period following the 
date of compounding during which the preparation, properly stored, may be used. For guidance regarding the BUD for 
compounded sterile and nonsterile preparations, see (797) and (795), respectively.

The label on the official compounded preparation must include the word “compounded” after the drug portion of a
non-proprietary name (e.g., "Baclofen Compounded Oral Suspension").

Dialysis, Hemofiltration, and Irrigation

Solutions that are intended for use as dialysis, hemofiltration, or irrigation, and are packaged in a container with a volume 
of more than 1 L, must be labeled to indicate that the contents are not to be administered either intravenously or intra-arterially.

Use of Leading and Terminal Zeros

To help minimize the possibility of errors in drug dispensing and administration, when the quantity of active moiety or drug
substance is expressed in whole numbers it must be shown without a decimal point followed by a terminal zero (e.g., express
as 4 mg, not 4.0 mg). When the quantity of active moiety or drug substance is expressed as a decimal number smaller than 1,
it must be shown with a zero preceding the decimal point (e.g., express as 0.2 mg, not .2 mg).

Units

Abbreviations for the terms “Units” or “International Units” must not be used for labeling or prescribing purposes. Examples
include “U”, “u”, and “IU”. Medication errors have occurred when these abbreviations have been used. See General Notices,
9.10 Use of Metric Units.

Alcohol

The alcohol content in a liquid formulation must be stated on the label as a percentage (v/v) of alcohol (C2H5OH).

Botanicals

The label of an herb or other botanical intended for use as a dietary supplement shall bear the statement, “ If you are pregnant
or nursing a baby, seek the advice of a health professional before using this product. ”

Electrolytes

The concentration of each electrolyte for replacement therapy (e.g., sodium, potassium, chloride) must be stated on the 
label in milliequivalents per volume (mEq/volume). Phosphorus containing injections must be expressed in milliMoles per 
volume (e.g., mM/volume). The label of the product must also indicate the quantity of ingredient(s) in terms of weight or 
percentage concentration.

Non-Oral Products

Non-oral product labels and labeling must state the names of added substances (as defined in General Notices, 5.20 Added
Substances) in compliance with 21 CFR §201.100(b)(5).

Salts of Drugs

It is an established principle that official articles must have only one official title (see General Notices, 2.20 Official Articles and 
compendial nomenclature requirements in (1121)). For purposes of saving space on labels and because chemical symbols for 
the most common inorganic salts of drugs are well known to practitioners, the following alternatives are permitted in labeling 
official articles that are salts: HCl for hydrochloride; HBr for hydrobromide; Na for sodium; and K for potassium. The symbols 
Na and K are intended for use in abbreviating names of the salts of organic acids, but these symbols are not used when the 
word Sodium or Potassium appears at the beginning of an official title (e.g., Phenobarbital Na is acceptable, but Na Salicylate 
is not).
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Special Capsules and Tablets

The label of any form of capsule or tablet intended for administration other than by swallowing intact must bear a prominent
indication of the manner in which it should be used (see Compendial Nomenclature, Nomenclature Guidelines on the USP website
at www.usp.org).

Products That Contain Vitamins

The vitamin content of a drug product must be stated on the label in metric units per dosage unit. The amounts of vitamins
A, D, and E may also be stated in USP Units. Quantities of vitamin A declared in metric units refer to the equivalent amounts of
retinol (vitamin A alcohol).

Controlled Room Temperature

Articles may be labeled for storage at “controlled room temperature” or at “20° to 25°”, or other equivalent wording based
on the same mean kinetic temperature. All three labeling options must ensure not to exceed the mean kinetic temperature of
25° with excursions between 15° and 30° (see (659)).

Light-Resistant Container

When an opaque covering is used to provide protection from light for a light-sensitive product packaged in aclear or colorless
or translucent container, the label of the container bears a statement that the opaque covering is needed unti l the contents are
to be used or administered (see Containers—Performance Testing (671), Spectral Transmission and (659)).

Single-Unit Container

Each single-unit container must be labeled to indicate the identity; quantity and/or strength; name of the manufacturer, 
packer, or distributor; lot number; and expiration date of the article (see (659)).

Single-Dose Container

When space permits a single-dose container must be labeled as such, and should include on the label appropriate discard 
instructions (see (659)).

Multiple-Dose Container

When space permits, a multiple-dose container must be labeled as such (see (659)).

Unit-of-Use Container

A unit-of-use container must be labeled as such (see (659)).

Protection from Freezing

The container label must bear an appropriate instruction to protect the article from freezing if subject to loss of strength or 
potency, or to destructive alteration of its characteristics (see (659)).

Prescription Container Labeling

At a minimum, a prescription container must be labeled in a patient-centered manner. The label must contain essential 
information that is important for the patient’s safe and effective use of the medicine. Labels should be designed and formatted 
to optimize readability and understanding (see Prescription Container Labeling (17)).

GENERAL LABELING

Users are reminded to always refer to the General Notices in assessing or applying any compendial standards. General 
Notices addresses a number of labeling-related aspects, including 3.20 Indicating Conformance (when an article may be labeled 
USP, NF, or USP–NF, and requirements related to differences in identity, naming, strength, quality, or purity); General Notices,
5.20.20 Added Substances (Excipients and Ingredients) in Official Products; 6.70 Reagents; and 8.240 Weights and Measures (e.g., 
microgram may be represented as either µg or mcg. For labeling or prescribing purposes, only “mcg” is to be used).
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LABELS AND LABELING FOR ANIMAL DRUG PRODUCTS

This section provides exceptions or additions to the previous requirements in this chapter. The following requirements are 
specific to the labeling for animal drug products.

Definitions

The written printed or graphic matter on the outer shipping container for animal drugs is considered to be part of “labeling”.
Shipping labeling for animal drugs should contain, at minimum, product identification, lot number, expiration date, and 
conditions for storage and handling.

Labeling for Animal Drug Products

The labeling for animal drugs should identify the animal species and, if applicable, specific subset(s) of the animal species 
for which the drug is approved, conditionally approved, or indexed. In the case of a compounded preparation for animals, the 
labeling should indicate that “This is a compounded preparation.”

The labeling for prescription animal drug products must include the following statement:
• "Caution: Federal law restricts this drug to use by or on the order of a licensed veterinarian."

Labeling for Injectable Animal Drug Products

Labeling for injectable animal drug products includes the following information:
• A statement limiting the time frame in which the container may be used once it has been entered (e.g., needle-punctured), 

provided it is held under the labeled storage conditions.

Quantity and Total Volume for Single- and Multiple-Dose Injectable Animal Drug Products

Because of considerable variability in body weight within and among animal species, most injectable animal drugs are 
approved to be dosed on a mg/kg body weight basis. Thus, strength on labeling for single- and multiple-dose injectable animal 
drugs should be expressed on the basis of quantity per milliliter (quantity/mL), usually mg/mL. An exception would be for 
single-dose injectable animal drugs that are dosed regardless of the weight of the animal, in which case strength on labeling 
should be expressed as quantity per total volume (e.g., 50 mg/5 mL). For single-dosecontainers holding less than 1 mL, strength 
on labeling should be expressed as quantity per fraction of a mL (e.g., 12.5 mg/0.625 mL).

Dry solids that must be constituted should provide on labeling the total quantity followed by the quantity per milliliter 
(quantity/mL) after constitution.

Compounded Veterinary Preparations

The label on the official compounded veterinary preparation must include the word “compounded” after the drug portion 
of a non-proprietary name and the word “veterinary” at the end of the full official name (e.g., Atenolol Compounded Oral 
Suspension, Veterinary).

8
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USP <7> Questions

 The following is the date or time beyond which a compounded preparation 
must be discarded:

 👍 Expiration Date

 ❤ Beyond Use Date

USP <7> Questions

 The following is the date or time beyond which a compounded preparation 
must be discarded:

 👍 Expiration Date

 ❤ Beyond Use Date
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USP <7> Questions

 True or False: USP 825 does not list the “Route of Administration” as a 
required labeling component and therefore does not have to be listed on a 
radiopharmaceutical.

 👍 True

 ❤ False

USP <7> Questions

 True or False: USP 825 does not list the “Route of Administration” as a 
required labeling component and therefore does not have to be listed on a 
radiopharmaceutical.

 👍 True

 ❤ False

USP <71> Sterility 
Tests

 Official: Prior to 2013

 Enforceable: Prior to 2013
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and/or the Japanese Pharmacopeia. Those portions that are not harmonized are marked with symbols (◆ ) to specify this fact.◆ ◆

These Pharmacopeial procedures are not by themselves designed to ensure that a batch of product is sterile or has been 
sterilized. This is accomplished primarily by validation of the sterilization process or of the aseptic processing procedures.

The test is applied to substances, preparations, or articles which, according to the Pharmacopeia, are required to be sterile.
However, a satisfactory result only indicates that no contaminating microorganism has been found in the sample examined under the 
conditions of the test.

PRECAUTIONS AGAINST MICROBIAL CONTAMINATION

The test for sterility is carried out under aseptic conditions. In order to achieve such conditions, the test environment has to
be adapted to the way in which the sterility test is performed. The precautions taken to avoid contamination are such that they
do not affect any microorganisms that are to be revealed in the test. The working conditions in which the tests are performed
are monitored regularly by appropriate sampling of the working area and by carrying out appropriate controls.

CULTURE MEDIA AND INCUBATION TEMPERATURES

Media for the test may be prepared as described below or equivalent commercial media may be used provided that they
comply with the requirements of the Growth Promotion Test of Aerobes, Anaerobes, and Fungi.

The following culture media have been found to be suitable for the test for sterility. Fluid Thioglycollate Medium is primarily
intended for the culture of anaerobic bacteria. However, it will also detect aerobic bacteria. Soybean–Casein Digest Medium is
suitable for the culture of both fungi and aerobic bacteria.

Fluid Thioglycollate Medium

0.5 gL-Cystine

2.5 gSodium Chloride

5.5/5.0 gDextrose Monohydrate/Anhydrous

0.75 gAgar

5.0 gYeastExtract (w ater-soluble)

15.0 gPancreatic Digest of Casein

0.5 gSodium Thioglycollate

0.3 mLor Thioglycolic Acid

1.0 mLResazurin Sodium Solution (1 in 1000), freshly prepared

1000 mLPurif ied Water

1

(71) STERILITY TESTS

◆Portions of this general chapter have been harmonized with the corresponding texts of the European Pharmacopeia

pH after sterilization: 7.1±0.2.
Mix the L-cystine, agar, sodium chloride, dextrose, yeast extract, and pancreatic digest of casein with the purified water, and 

heat until solution is effected. Dissolve the sodium thioglycollate or thioglycolic acid in the solution and, if necessary, add 1 N 
sodium hydroxide so that, after sterilization, the solution will have a pH of 7.1 ± 0.2. If filtration is necessary, heat the solution 
again without boiling, and filter while hot through moistened filter paper. Add the resazurin sodium solution, mix, and place 
the medium in suitable vessels that provide a ratio of surface to depth of medium such that not more than the upper half of 
the medium has undergone a color change indicative of oxygen uptake at the end of the incubation period. Sterilize using a
validated process. If the medium is stored, store at a temperature between 2° and 25° in a sterile, airtight container. If more 
than the upper one-third of the medium has acquired a pink color, the medium may be restored once by heating the containers 
in a water-bath or in free-flowing steam until the pink color disappears and by cooling quickly, taking care to prevent the 
introduction of nonsterile air into the container. Do not use the medium for a longer storage period than has been validated.

Fluid Thioglycollate Medium is to be incubated at 30°–35°. For products containing a mercurial preservative that cannot be 
tested by the membrane filtration method, Fluid Thioglycollate Medium incubated at 20°–25° may be used instead of Soybean–
Casein Digest Medium provided that it has been validated as described in Growth Promotion Test of Aerobes, Anaerobes,
and Fungi. Where prescribed or justified and authorized, the following alternative thioglycollate medium might be used. 
Prepare a mixture having the same composition as that of the Fluid Thioglycollate Medium, but omitting the agar and the 
resazurin sodium solution. Sterilize as directed above. The pH after sterilization is 7.1 ± 0.2. Heat in a water bath prior to use 
and incubate at 30°–35° under anaerobic conditions.

Soybean–Casein Digest Medium

17.0 gPancreatic Digest of Casein

3.0 gPapaic Digest of Soybean Meal
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Soybean–Casein Digest Medium (continued)

5.0 gSodium Chloride

2.5 gDibasic PotassiumPhosphate

2.5/2.3 gDextrose Monohydrate/Anhydrous

1000 mLPurif ied Water

pH after sterilization: 7.3±0.2.
Dissolve the solids in the Purified Water, heating slightly to effect a solution. Cool the solution to room temperature, and

adjust the pH with 1 N sodium hydroxide so that, after sterilization, it will have a pH of 7.3 ± 0.2. Filter, if necessary to clarify, 
dispense into suitable containers, and sterilize using a validated procedure. Store at a temperature between 2° and 25° in a
sterile well-closed container, unless it is intended for immediate use. Do not use the medium for a longer storage period than 
has been validated.

Soybean–Casein Digest Medium is to be incubated at 22.5 ± 2.5°.

◆Media for Penicillins or Cephalosporins

Where sterility test media are to be used in the Direct Inoculation of the Culture Medium method under Test for Sterility of the
Product to be Examined, modify the preparation of Fluid Thioglycollate Medium and the Soybean–Casein Digest Medium as follows.
To the containers of each medium, transfer aseptically aquantity of β-lactamase sufficient to inactivate the amount of antibiotic
in the specimen under test. Determine the quant ity of β-lactamase required to inactivate the antibiotic by using a β-lactamase
preparation that has been assayed previously for its penicillin- or cephalosporin-inactivating power. [NOTE—Supplemented
β-lactamase media can also be used in the membrane filtration test.]

Alternatively (in an area completely separate from that used for sterility testing), confirm that an appropriate amount of
β-lactamase is incorporated into the medium, following either method under Method Suitability Test, using less than 100 
colony-forming units (cfu) of Staphylococcus aureus (see Table 1) as the challenge. Typical microbial growth of the inoculated 
culture must be observed as a confirmation that the β-lactamase concentration is appropriate.◆

Table 1. Strains of the Test Microorganisms Suitable for Use in the Growth Promotion Test and the Method Suitability Test

Aerobic bacteria

ATCC 6538, CIP 4.83, NCTC 10788, NCIMB 9518, NBRC

13276

Staphylococcus aureus

ATCC 6633, CIP 52.62, NCIMB 8054, NBRC 3134Bacillus subtilis

ATCC 9027, NCIMB 8626, CIP 82.118, NBRC 13275Pseudomonas aeruginosa◆1
◆

Anaerobic bacterium

ATCC 19404, CIP 79.3, NCTC 532 or ATCC 11437, NBRC

14293

Clostridium sporogenes◆2
◆

Fungi

ATCC 10231, IP 48.72, NCPF 3179, NBRC 1594Candidaalbicans

ATCC 16404, IP 1431.83, IMI 149007, NBRC 9455Aspergillus brasiliensis

(Aspergillus Niger)

◆1An alternative microorganism isKocuria rhizophila (Micrococcusluteus) ATCC 9341.◆
◆2An alternative to Clostridiumsporogenes, when a nonspore-forming microorganism is desired, is Bacteroides vulgatus (ATCC 8482).◆

The media used comply with the following tests, carried out before, or in parallel, with the test on the product to be examined.

Sterility

Incubate portions of the media for 14 days. No growth of microorganisms occurs.

Growth Promotion Test of Aerobes, Anaerobes, and Fungi

Test each lot of ready-prepared medium and each batch of medium prepared either from dehydrated medium or from 
ingredients. Suitable strains of microorganisms are indicated in Table 1.

Inoculate portions of Fluid Thioglycollate Medium with a small number (not more than 100 cfu) of the following 
microorganisms, using a separate portion of medium for each of the following species of microorganism: Clostridium 
sporogenes, Pseudomonas aeruginosa, and Staphylococcus aureus. ◆Inoculate portions of alternative thioglycollate medium with a
small number (not more than 100 cfu) of Clostridium sporogenes.◆ Inoculate portions of Soybean–Casein Digest Medium with a
small number (not more than 100 cfu) of the following microorganisms, using a separate portion of medium for each of the 
following species of microorganism: Aspergillus brasiliensis, Bacillus subtilis, and Candida albicans. Incubate for not more than
3 days in the case of bacteria and not more than 5 days in the case of fungi. Seed lot culture maintenance techniques (seed-lot 
systems) are used so that the viable microorganisms used for inoculation are not more than five passages removed from the 
original master seed-lot.

2
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The media are suitable if a clearly visible growth of the microorganisms occurs.

◆DILUTING AND RINSING FLUIDS FOR MEMBRANE FILTRATION

Fluid A

PREPARATION

Dissolve 1 g of peptic digest of animal tissue in water to make 1 L, filter or centrifuge to clarify, if necessary, and adjust to a
pH of 7.1 ± 0.2. Dispense into containers, and sterilize using a validated process.

PREPARATION FOR PENICILLINS OR CEPHALOSPORINS

Aseptically add to the above Preparation, if necessary, a quantity of sterile β-lactamase sufficient to inactivate any residual 
antibiotic activity on the membranes after the solution of the test specimen has been filtered (see Media for Penicillins or 
Cephalosporins).

Fluid D

To each L of Fluid A add 1 mL of polysorbate 80, adjust to a pH of 7.1 ± 0.2, dispense into containers, and sterilize using a
validated process. Use this fluid for articles containing lecithin or oil, or for devices labeled as “sterile pathway.”

Fluid K

Dissolve 5.0 g of peptic digest of animal tissue, 3.0 g of beef extract, and 10.0 g of polysorbate 80 in water to make 1 L. 
Adjust the pH to obtain, after sterilization, a pH of 6.9 ± 0.2. Dispense into containers, and sterilize using a validated process.◆

METHOD SUITABILITY TEST

Carry out a test as described below under Test for Sterility of the Product to beExamined using exactly the same methods, 
except for the following modifications.

Membrane Filtration

After transferring the content of the container or containers to be tested to the membrane, add an inoculum of a small 
number of viable microorganisms (not more than 100 cfu) to the final portion of sterile diluent used to rinse the filter.

Direct Inoculation

After transferring the contents of the container or containers to be tested (for catgut and other surgical sutures for veterinary
use: strands) to the culture medium, add an inoculum of a small number of viable microorganisms (not more than 100 cfu) to
the medium.

In both cases use the same microorganisms as those described above under Growth Promotion Test of Aerobes, Anaerobes, 
and Fungi. Perform a growth promotion test as a positive control. Incubate all the containers containing medium for not more 
than 5 days.

If clearly visible growth of microorganisms is obtained after the incubation, visually comparable to that in the control vessel
without product, either the product possesses no antimicrobial activity under the conditions of the test or such activity has been
satisfactorily eliminated. The test for sterility may then be carried out without further modification.

If clearly visible growth is not obtained in the presence of the product to be tested, visually comparable to that in the control 
vessels without product, the product possesses antimicrobial activity that has not been satisfactorily eliminated under the 
conditions of the test. Modify the conditions in order to eliminate the antimicrobial activity, and repeat the Method
Suitability Test.

This method suitability is performed (a) when the test for sterility has to be carried out on a new product; and (b) whenever
there is a change in the experimental conditions of the test. The method suitability may be performed simultaneously with the
Test for Sterility of the Product to be Examined.

TEST FOR STERILITY OF THE PRODUCT TO BE EXAMINED

◆Number of Articles to Be Tested

Unless otherwise specified elsewhere in this chapter or in the individual monograph, test the number of articles specified in 
Table 3. If the contents of each article are of sufficient quantity (see Table 2), they may be divided so that equal appropriate 
portions are added to each of the specified media. [NOTE—Perform sterility testing employing two or more of the specified

3

Printed on: Wed Oct 04 2023, 09:08:38 PM(EST) 

Printed by: Jessica Comstock

Do Not Distribute

Status: Currently Official on 05-Oct-2023

Official Date: Official Prior to 2013

DOI Ref: h4bsj

DocId: GUID-481C30EA-8A49-4A77-9E81-D0CD7C533498_1_en-US

Document Type: GENERAL CHAPTER @2023 USPC

DOI: https://doi.org/10.31003/USPNF_M98810_01_01

19

20

21



10/5/2023

8

4

media.] If each article does not contain sufficient quantities for each medium, use twice the number of articles indicated in Table 
3.◆

Table 2. Minimum Quantity to be Used for Each Medium

Minimum

Quantity to be Used

(unless otherwise

justified and

authorized)

Quantity per Container

Liquids

The w hole contents of each containerLess than 1 mL

Half the contents of each container, but not less than 1 mL1–40 mL

20 mLGreater than 40 mL, and not greater than 100 mL

10% of the contents of the container, but not less than 20 mLGreater than 100 mL

1 mLAntibiotic liquids

Use the contents of each container to provide not less than 200 mgInsoluble preparations, creams,and ointments to besuspended or 

emulsi- fied

Solids

The w hole contents of each containerLess than 50 mg

Half the contents of each container, but not less than 50 mg50 mg or more, but less than 300 mg

150 mg300 mg–5 g

500 mgGreater than 5 g

3 sections of a strand (each 30-cmlong)Catgut and other surgical sutures for veterinary use

100 mg per package◆ Surgical dressing/cotton/gauze (in packages)

The w hole deviceSutures and other individually packaged single-use material

The w hole device, cut into pieces or disassembled◆Other medical devices

Table 3. Minimum Number of Articles to be Tested in Relation to the Number of Articles in the Batch

Minimum Number of Items to be

Tested for Each Medium (unless

otherwise justified and authorized)**

Number of Items in the Batch*

Parenteral preparations

10% or 4 containers, whichever is the greaterNot more than 100 containers

10 containersMore than 100 but not more than 500 containers

2% or 20 containers, whichever is lessMore than 500 containers

2% or 10 containers, whichever is less◆ For large-volume parenterals

Antibioticsolids

20 containersPharmacy bulk packages (<5 g)

6 containersPharmacy bulk packages (≥5 g)

See Bulk solid products◆Bulks and blends

Ophthalmic and other noninjectable preparations

5% or 2 containers, whichever is the greaterNot more than 200 containers

10 containersMore than 200 containers

If the product is presented in the form of single-dose

containers, apply the scheme show n above for

preparations for parenteral use.

2% or 5 packages,whichever is the greater, up to a maximum total of 20

pack- ages

Catgut and other surgical sutures for veterinary use

10% or 4 articles, whichever is greater◆ Not more than 100 articles

10 articlesMore than 100, but not more than 500 articles

2% or 20 articles, whichever is less◆More than 500 articles

Bulk solid products

Each containerUp to 4 containers

20% or 4 containers, whichever is greaterMore than 4 containers, but not more than 50 containers

2% or 10 containers, whichever is greaterMore than 50 containers
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* If the batch size is unknown, use the maximum number of items prescribed.
** If the contents of one container are enough to inoculate the two media, this column givesthe number of containersneeded for both the media together.

The test may be carried out using the technique of Membrane Filtration or by Direct Inoculation of the Culture Medium with 
the product to be examined. Appropriate negative controls are included. The technique of membrane filtration is used whenever 
the nature of the product permits; that is, for filterable aqueous preparations, for alcoholic or oily preparations, and for 
preparations miscible with, or soluble in, aqueous or oily solvents, provided these solvents do not have an antimicrobial effect 
in the conditions of the test.

Membrane Filtration

Use membrane filters having a nominal pore size not greater than 0.45 µm, in which the effectiveness to retain 
microorganisms has been established. Cellulose nitrate filters, for example, are used for aqueous, oily, and weakly alcoholic 
solutions; and cellulose acetate filters, for example, are used for strongly alcoholic solutions. Specially adapted filters may be 
needed for certain products (e.g., for antibiotics).

The technique described below assumes that membranes about 50 mm in diameter will be used. If filters of a different 
diameter are used, the volumes of the dilutions and the washings should be adjusted accordingly. The filtration apparatus and 
membrane are sterilized by appropriate means. The apparatus is designed so that the solution to be examined can be introduced 
and filtered under aseptic conditions: it permits the aseptic removal of the membrane for transfer to the medium, or it is suitable 
for carrying out the incubation after adding the medium to the apparatus itself.

AQUEOUS SOLUTIONS

If appropriate, transfer a small quantity of a suitable, sterilediluent suchas ◆Fluid A (see Diluting and Rinsing Fluids for Membrane 
Filtration)◆ onto the membrane in the apparatus and filter. The diluent may contain suitable neutralizing substances and/or 
appropriate inactivating substances, for example, in the case of antibiotics.

Transfer the contents of the container or containers to be tested to the membrane or membranes, if necessary, after diluting 
to the volume used in the Method Suitability Test with the chosen sterile diluent, but using not less than the quantities of the 
product to be examined prescribed in Tables 2 and 3. Filter immediately. If the product has antimicrobial properties, wash the 
membrane not less than three times by filtering through it each time the volume of the chosen sterile diluent used in the Method 
Suitability Test. Do not exceed a washing cycle of five times 100 mL per filter, even if during method suitability it has been 
demonstrated that such a cycle does not fully eliminate the antimicrobial activity. Transfer the whole membrane to the culture 
medium or cut it aseptically into two equal parts, and transfer one half to each of two suitable media. Use the same volume of 
each medium as in the Method Suitability Test. Alternatively, transfer the medium onto the membrane in the apparatus. Incubate 
the media for not less than 14 days.

SOLUBLE SOLIDS

Use for each medium not less than the quantity prescribed in Tables 2 and 3 of the product dissolved in a suitable solvent, 
such as the solvent provided with the preparation, Sterile Water for Injection, sterile saline, or a suitable sterile solution such
as ◆Fluid A (Diluting and Rinsing Fluids for Membrane Filtration),◆ and proceed with the test as described above for Aqueous 
Solutions using a membrane appropriate to the chosen solvent.

OILS and OILY SOLUTIONS

Use for each medium not less than the quantity of the product prescribed in Tables 2 and 3. Oils and oily solutions of 
sufficiently low viscosity may be filtered without dilution through a dry membrane. Viscous oils may be diluted as necessary 
with a suitable sterile diluent such as isopropyl myristate shown not to have antimicrobial activity in the conditions of the test. 
Allow the oil to penetrate the membrane by its own weight, and then filter, applying the pressure or suction gradually. Wash 
the membrane at least three times by filtering through it each time about 100 mL of a suitable sterile solution such as ◆Fluid A
(see Diluting and Rinsing Fluids for Membrane Filtration)◆ containing a suitable emulsifying agent at a concentration shown to be 
appropriate in the Method Suitability Test, for example polysorbate 80 at a concentration of 10 g per L ◆(Fluid K)◆. Transfer the 
membrane or membranes to the culture medium or media, or vice versa, as described above for Aqueous Solutions, and incubate 
at the same temperatures and for the same times.

OINTMENTS and CREAMS

Use for each medium not less than the quantities of the product prescribed in Tables 2 and 3. Ointments in a fatty base and 
emulsions of the water-in-oil type may be diluted to 1% in isopropyl myristate as described above, by heating, if necessary, to 
not more than 40°. In exceptional cases it may be necessary to heat to not more than 44°. Filter as rapidly as possible, and
proceed as described above for Oils and Oily Solutions.

◆PREFILLED SYRINGES

For prefilled syringes without attached sterile needles, expel the contents of each syringe into one or two separate membrane 
filter funnels or into separate pooling vessels prior to transfer. If a separate sterile needle is attached, directly expel the syringe 
contents as indicated above, and proceed as directed for Aqueous Solutions. Test the sterility of the needle, using Direct 
Inoculation under Method Suitability Test.
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SOLIDS FOR INJECTION OTHER THAN ANTIBIOTICS

Constitute the test articles as directed on the label, and proceed as directed for Aqueous Solutions or Oils and Oily Solutions,
whichever applies. [NOTE—If necessary, excess diluent can be added to aid in the constitution and filtration of the constituted
test article.]

ANTIBIOTIC SOLIDS FOR INJECTION

Pharmacy Bulk Packages, <5 g—From each of 20 containers, aseptically transfer about 300 mg of solids, into a sterile 500-mL 
conical flask, dissolve in about 200 mL of Fluid A (see Diluting and Rinsing Fluids for Membrane Filtration), and mix; or constitute, 
as directed in the labeling, each of 20 containers and transfer a quantity of liquid or suspension, equivalent to about 300 mg 
of solids, into a sterile 500-mL conical flask, dissolve in about 200 mL of Fluid A, and mix. Proceed as directed for Aqueous 
Solutions or Oils and Oily Solutions, whichever applies.
Pharmacy Bulk Packages, ≥5 g—From each of 6 containers, aseptically transfer about 1 g of solids into a sterile 500-mL conical
flask, dissolve in about 200 mL of Fluid A, and mix; or constitute, as directed in the labeling, each of 6 containers and transfer a
quant ity of liquid, equivalent to about 1 g of solids, into a sterile 500-mL conical flask, dissolve in about 200 mL of Fluid A, and
mix. Proceed as directed for Aqueous Solutions.

ANTIBIOTIC SOLIDS, BULKS, and BLENDS

Aseptically remove a sufficient quantity of solids from the appropriate amount of containers (see Table 2), mix to obtain a
composite, equivalent to about 6 g of solids, and trans fer to a sterile 500-mL conical flask. Dissolve in about 200 mL of Fluid
A, and mix. Proceed as directed for Aqueous Solutions.

STERILE AEROSOL PRODUCTS

For fluid products in pressurized aerosol form, freeze the containers in an alcohol-dry ice mixture at least at –20° for about
1 hour. If feasible, allow the propellant to escape before aseptically opening the container, and transfer the contents to a sterile 
pooling vessel. Add 100 mL of Fluid D to the pooling vessel, and mix gently. Proceed as directed for Aqueous Solutions or Oils 
and Oily Solutions, whichever applies.

DEVICES WITH PATHWAYS LABELED STERILE

Aseptically pass not less than 10 pathway volumes of Fluid D through each device tested. Collect the fluids in an appropriate 
sterile vessel, and proceed as directed for Aqueous Solutions or Oils and Oily Solutions, whichever applies.

In the case of sterile, empty syringes, draw sterile diluent into the barrel through the sterile needle, if attached, or through a
sterile needle attached for the purpose of the test, and express the contents into a sterile pooling vessel. Proceed as directed 
above.◆

Direct Inoculation of the Culture Medium

Transfer the quantity of the preparation to be examined prescribed in Tables 2 and 3 directly into the culture medium so 
that the volume of the product is not more than 10% of the volume of the medium, unless otherwise prescribed.

If the product to be examined has antimicrobial activity, carry out the test after neutralizing this with a suitable neutralizing 
substance or by dilution in a sufficient quantity of culture medium. When it is necessary to use a large volume of the product,
it may be preferable to use a concentrated culture medium prepared in such a way that it takes into account the subsequent 
dilution. Where appropriate, the concentrated medium may be added directly to the product in its container.

OILY LIQUIDS

Use media to which have been added a suitable emulsifying agent at a concentration shown to be appropriate in the Method 
Suitability Test, for example polysorbate 80 at a concentration of 10 g per L.

OINTMENTS and CREAMS

Prepare by diluting to about 1 in 10 by emulsifying with the chosen emulsifying agent in a suitable sterile diluent such
as ◆Fluid A (see Diluting and Rinsing Fluids for Membrane Filtration).◆ Transfer the diluted product to a medium not containing an 
emulsifying agent.

Incubate the inoculated media for not less than 14 days. Observe the cultures several times during the incubation period.
Shake cultures containing oily products gently each day. However, when Fluid Thioglycollate Medium is used for the detection 
of anaerobic microorganisms, keep shaking or mixing to a minimum in order to maintain anaerobic conditions.

CATGUT and OTHER SURGICAL SUTURES FOR VETERINARIAN USE

Use for each medium not less than the quantities of the product prescribed in Tables 2 and 3. Open the sealed package 
using aseptic precautions, and remove three sections of the strand for each culture medium. Carry out the test on three sections, 
each 30-cm long, which have been cut off from the beginning, the center, and the end of the strand. Use whole strands from 
freshly opened cassette packs. Transfer each section of the strand to the selected medium. Use sufficient medium to cover 
adequately the material to be tested (20 mL to 150 mL).
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OBSERVATION AND INTERPRETATION OF RESULTS

At intervals during the incubation period and at its conclusion, examine the media for macroscopic evidence of microbial 
growth. If the material being tested renders the medium turbid so that the presence or absence of microbial growth cannot be 
readily determined by visual examination, 14 days after the beginning of incubation transfer portions (each not less than 1 mL) 
of the medium to fresh vessels of the same medium, and then incubate the original and transfer vessels for not less than 4 days.

If no evidence of microbial growth is found, the product to be examined complies with the test for sterility. If evidence of 
microbial growth is found, the product to be examined does not comply with the test for sterility, unless it can be clearly 
demonstrated that the test was invalid for causes unrelated to the product to be examined. The test may be considered invalid 
only if one or more of the following conditions are fulfilled:

1. The data of the microbiological monitoring of the sterility testing facility show a fault.
2. A review of the testing procedure used during the test in question reveals a fault.
3. Microbial growth is found in the negative controls.
4. After determination of the identity of the microorganisms isolated from the test, the growth of this species (or these 

species) may be ascribed unequivocally to faults with respect to the material and or the technique used in conducting 
the sterility test procedure.

If the test is declared to be invalid, it is repeated with the same number of units as in the original test. If no evidence of 
microbial growth is found in the repeat test, the product examined complies with the test for sterility. If microbial growth is 
found in the repeat test, the product examined does not comply with the test for sterility.

APPLICATION OF THE TEST TO PARENTERAL PREPARATIONS, OPHTHALMIC, AND OTHER 
NONINJECTABLE PREPARATIONS REQUIRED TO COMPLY WITH THE TEST FOR STERILITY

When using the technique of membrane filt ration, use, whenever possible, the whole contents of the container, but not less
than the quantities indicated in Table 2, diluting where necessary to about 100 mL with a suitable sterile solution, such as ◆Fluid
A (see Diluting and Rinsing Fluids for Membrane Filtration).◆

When using the technique of direct inoculat ion of media, use the quantities shown in Table 2, unless otherwise justified and
authorized. The tests for bacterial and fungal sterility are carried out on the same sample of the product to be examined. When
the volume or the quantity in a single container is insufficient to carry out the tests, the contents of two or more containers are
used to inoculate the different media.

MINIMUM NUMBER OF ITEMS TO BE TESTED

The minimum number of items to be tested in relation to the size of the batch is given in Table 3.

7

◆SOLIDS

Transfer a quantity of the product in the form of a dry solid (or prepare a suspension of the product by adding sterile diluent
to the immediate container), corresponding to not less than the quantity indicated in Tables 2 and 3. Transfer the material so
obtained to 200 mL of Fluid Thioglycollate Medium, and mix. Similarly, transfer the same quantity to 200 mL of Soybean–Casein
Digest Medium, and mix. Proceed as directed above.

PURIFIED COTTON, GAUZE, SURGICAL DRESSINGS, and RELATED ARTICLES

From each package of cotton, rolled gauze bandage, or large surgical dressings being tested, aseptically remove two or more 
portions of 100- to 500-mg each from the innermost part of the sample. From individually packaged, single-use materials, 
aseptically remove the entire article. Immerse the portions or article in each medium, and proceed as directed above.

STERILE DEVICES

Articles can be immersed intact or disassembled. To ensure that device pathways are also in contact with the media, immerse 
the appropriate number of units per medium in a volume of medium sufficient to immerse the device completely, and proceed 
as directed above. For extremely large devices, immerse those portions of the device that are to come into contact with the 
patient in a volume of medium sufficient to achieve complete immersion of those portions.

For catheters where the inside lumen and outside are required to be sterile, either cut them into pieces such that the medium 
is in contact with the entire lumen or fill the lumen with medium, and then immerse the intact unit.◆
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USP <71> Questions

 Which of the following is primarily used to identify the presence of anaerobic 
bacteria.

 👍 Soybean-Casein Digest

 ❤ Fluid Thioglycollate Medium

 🎉 Tryptic Soy Broth

USP <71> Questions

 Which of the following is primarily used to identify the presence of anaerobic 
bacteria.

 👍 Soybean-Casein Digest

 ❤ Fluid Thioglycollate Medium

 🎉 Tryptic Soy Broth
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USP <71> Questions

 For how many days do you incubate the media when performing sterility 
testing?

 👍 14 days

 ❤ 7 days

 🎉 No less than 48 hours at 30-35C and than no less than 5 days at 20-25C

USP <71> Questions

 For how many days do you incubate the media when performing sterility 
testing?

 👍 14 days

 ❤ 7 days

 🎉 No less than 48 hours at 30-35C and than no less than 5 days at 20-25C

USP <85> 
Bacterial 
Endotoxin Tests

 Official: May 1, 2018

 Enforceable: May 1, 2018
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REAGENTS AND TEST SOLUTIONS

Amoebocyte Lysate

A lyophilized product obtained from the lysate of amoebocytes (white blood cells) from the horseshoe crab (Limulus 
polyphemus or Tachypleus tridentatus). This reagent refers only to a product manufactured in accordance with the regulations 
of the competent authority. [NOTE—Amoebocyte Lysate reacts to some β-glucans in addition to endotoxins. Amoebocyte Lysate 
preparations that do not react to glucans are available: they are prepared by removing the G factor reacting to glucans from 
Amoebocyte Lysate or by inhibiting the G factor reacting system of Amoebocyte Lysate and may be used for endotoxin testing 
in the presence of glucans.]

Water for Bacterial Endotoxins Test (BET)

Use Water for Injection or water produced by other procedures that shows no reaction with the lysate employed, at the 
detection limit of the reagent.

Lysate TS

Dissolve Amoebocyte Lysate in Water for BET, or in a buffer recommended by the lysate manufacturer, by gentle stirring. Store 
the reconstituted lysate, refrigerated or frozen, according to the specifications of the manufacturer.

PREPARATION OF SOLUTIONS

Standard Endotoxin Stock Solution

A Standard Endotoxin Stock Solution is prepared from a USP Endotoxin Reference Standard that has been calibrated to the 
current WHO International Standard for Endotoxin. Follow the specifications in the package leaflet and on the label for 
preparation and storage of the Standard Endotoxin Stock Solution. Endotoxin is expressed in Endotoxin Units (EU). [NOTE—One 
USP Endotoxin Unit (EU) is equal to one International Unit (IU) of endotoxin.]

Standard Endotoxin Solutions

After mixing the Standard Endotoxin Stock Solution vigorously, prepare appropriate serial dilutions of Standard Endotoxin 
Solution, using Water for BET. Use dilutions as soon as possible to avoid loss of activity by adsorption.

Sample Solutions

Prepare the Sample Solutions by dissolving or diluting drugs using Water for BET. Some substances or preparations may be 
more appropriately dissolved, or diluted in other aqueous solutions. If necessary, adjust the pH of the solution to be examined 
(or dilution thereof) so that the pH of the mixture of the lysate and Sample Solution falls within the pH range specified by the

◆ 1 For a validity test of the procedure for inactivating endotoxins, see Dry-Heat Sterilization under SterilityAssurance (1211). Use
Lysate TS having a sensitivity of not less than 0.15 Endotoxin Unit per mL.◆

1

(85) BACTERIAL ENDOTOXINS TEST

◆Portions of this general chapter have been harmonized with the corresponding texts of the European Pharmacopoeia
and/or the Japanese Pharmacopoeia. Those portions that are not harmonized are marked with symbols (◆ 

◆) to specify this fact.◆ The 
Bacterial Endotoxins Test (BET) is a test to detect or quantify endotoxins from Gram-negative bacteria using amoebocyte

lysate from the horseshoe crab (Limulus polyphemus or Tachypleus tridentatus).
There are three techniques for this test: the gel-clot technique, which is based on gel formation; the turbidimetric technique, based 

on the development of turbidity after cleavage of an endogenous substrate; and the chromogenic technique, based on the 
development of color after cleavage of a synthetic peptide-chromogen complex. Proceed by any of the three techniques for 
the test. In the event of doubt or dispute, the final decision is made based upon the gel-clot limit test unless otherwise 
indicated in the monograph for the product being tested. The test is carried out in a manner that avoids endotoxin 
contamination.

APPARATUS

Depyrogenate all glassware and other heat-stable materials in a hot air oven using a validated process.◆ 1 
◆ A commonly 

used minimum time and temperature is 30 min at 250°. If employing plastic apparatus, such as microplates and pipet tips for 
automatic pipetters, use apparatus that is shown to be free of detectable endotoxin and does not interfere in the test. [NOTE—
In this chapter, the term “tube” includes any other receptacle such as a microtiter well.]
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lysate manufacturer, usually 6.0–8.0. The pH may be adjusted by use of an acid, base, or suitable buffer as recommended by 
the lysate manufacturer. Acids and bases may be prepared from concentrates or solids with Water for BET in containers free of 
detectable endotoxin. Buffers must be validated to be free of detectable endotoxin and interfering factors.

DETERMINATION OF MAXIMUM VALID DILUTION (MVD)

The maximum valid dilution is the maximum allowable dilution of a specimen at which the endotoxin limit can be 
determined. Determine the MVD from the following equation:

MVD = (endotoxin limit × concent rat ion of Sample Solution)/(λ)

Endotoxin Limit

The endotoxin limit for parenteral drugs, defined on the basis of dose, equals K/M ◆ 2 
◆, where K is a threshold pyrogenic dose 

of endotoxin per kg of body weight, and M is equal to the maximum recommended bolus dose of product per kg of body weight. When 
the product is to be injected at frequent intervals or infused continuously, M is the maximum total dose administered in a single 
hour period. The endotoxin limit for parenteral drugs is specified in the individual monograph in units such as EU/mL, EU/mg, 
EU/Unit of biological activity, etc.

Concentration of Sample Solution

mg/mL: in the case of endotoxin limit specified by weight (EU/mg);
Units/mL: in the case of endotoxin limit specified by unit of biological activity (EU/Unit); 
mL/mL: when the endotoxin limit is specified by volume (EU/mL).
λ: the labeled sensitivity in the Gel-Clot Technique (EU/mL) or the lowest concentration used in the standard curve for the

Turbidimetric Technique or Chromogenic Technique.

GEL-CLOT TECHNIQUE

The gel-clot technique is used for detecting or quantifying endotoxins based on clotting of the lysate reagent in the presence of 
endotoxin. The minimum concentration of endotoxin required to cause the lysate to clot under standard conditions is the 
labeled sensitivity of the lysate reagent. To ensure both the precision and validity of the test, perform the tests for confirming 
the labeled lysate sensitivity and for interfering factors as described in Preparatory Testing, immediately below.

Preparatory Testing

TEST FOR CONFIRMATION OF LABELED LYSATE SENSITIVITY

Confirm in four replicates the labeled sensitivity, λ, expressed in EU/mL of the lysate prior to use in the test. The test for 
confirmation of lysate sensitivity is to be carried out when a new batch of lysate is used or when there is any change in the 
test conditions that may affect the outcome of the test. Prepare standard solutions having at least four concentrations equivalent to 
2λ, λ, 0.5λ, and 0.25λ by diluting the USP Endotoxin RS with Water for BET.

Mix a volume of the Lysate TS with an equal volume (such as 0.1-mL aliquots) of one of the Standard Endotoxin Solutions in 
each test tube. When single test vials or ampuls containing lyophilized lysate are used, add solutions directly to the vial or ampul. 
Incubate the reaction mixture for a constant period according to the directions of the lysate manufacturer (usually at 37 ± 1° 
for 60 ± 2 min), avoiding vibration. To test the integrity of the gel, take each tube in turn directly from the incubator, and 
invert it through about 180° in one smooth mot ion.  If a firm gel has formed that  remains  in place upon invers ion,  
record the result as positive. A result is negative if an intact gel is not formed. The test is considered valid when the lowest 
concentration of the standard solutions shows a negative result in all replicate tests.

The endpoint is the smallest concentration in the series of decreasing concentrations of standard endotoxin that clots the 
lysate. Determine the geometric mean endpoint by calculating the mean of the logarithms of the endpoint concentrations of the four 
replicate series and then taking the antilogarithm of the mean value, as indicated in the following formula:

geometric mean endpoint concentration = antilog (Σe/f)

where Σe is the sum of the log endpoint concentrations of the dilution series used, and f is the number of replicate test tubes. The 
geometric mean endpoint concentration is the measured sensitivity of the lysate (in EU/mL). If this is not less than 0.5λ and 
not more than 2λ, the labeled sensitivity is confirmed and is used in tests performed with this lysate.

◆ 2 K is 5 USP-EU/kg of body w eight for any route of administration other than intrathecal (for w hich K is 0.2 USP-EU/kg of body w eight).
For radiopharmaceutical products not administered intrathecally, the endotoxin limit is calculated as 175 EU/V, w here V is the maximum
recommended dose in mL. For intrathecally administered radiopharmaceuticals, the endotoxin limit is obtained by the formula 14 EU/V. For
formulations (usually anticancer products) administered on a per square meter of body surface, the formula is K/M, w here K = 100 EU/m2 and M is the
maximum dose/m2.◆
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TEST FOR INTERFERING FACTORS

Usually prepare solutions (A–D) as shown in Table 1, and perform the inhibition/enhancement test on the Sample Solutions 
at a dilution less than the MVD, not containing any detectable endotoxins, operating as described for Test for Confirmation of 
Labeled Lysate Sensitivity. The geometric mean endpoint concentrations of Solutions B and C are determined using the formula 
described in the Test for Confirmation of Labeled Lysate Sensitivity. The test for interfering factors must be repeated when any 
condition changes that is likely to influence the result of the test.

Table 1. Preparation of Solutions for the Inhibition/Enhancement Test for Gel-Clot Techniques

Number

of

Replicat

es

End

otoxin

Conce

ntratio

n

Dilut

ion

Fa

cto

r

Diluent

Endotoxin

Concentration/

Solutionto Which

Endotoxin Is

Added

Solution

4———None/Sample SolutionAa

42λ1Sample Solution2λ/Sample SolutionBb

41λ2

40.5λ4

40.25λ8

22λ1Water for BET2λ/Water for BETCc

21λ2

20.5λ4

20.25λ8

2———None/Water for BETDd

aSolution A: A Sample Solution of the preparation under test that is free of detectable endotoxins.
b Solution B: Test for interference.
c Solution C: Control for labeled lysate sensitivity.
d Solution D: Negative control of Water for BET.

The test is considered valid when all replicates of Solutions A and D show no reaction and the result of Solution C confirms 
the labeled sensitivity.

If the sensitivity of the lysate determined in the presence of Solution B is not less than 0.5λ and not greater than 2λ, the 
Sample Solution does not contain factors that interfere under the experimental conditions used. Otherwise, the Sample Solution 
to be examined interferes with the test.

If the sample under test does not comply with the test at a dilution less than the MVD, repeat the test using a greater dilution, 
not exceeding the MVD. The use of a more sensitive lysate permits a greater dilution of the sample to be examined, and this 
may contribute to the elimination of interference.

Interference may be overcome by suitable treatment such as filtration, neutralization, dialysis, or heating. To establish that 
the chosen treatment effectively eliminates interference without loss of endotoxins, perform the assay described above using 
the preparation to be examined to which Standard Endotoxin has been added and which has then been submitted to the 
chosen treatment.

Limit Test

PROCEDURE

Prepare Solutions A, B, C, and D as shown in Table 2, and perform the test on these solutions following the procedure above 
for Preparatory Testing, Test for Confirmation of Labeled Lysate Sensitivity.

Table 2. Preparation of Solutions for the Gel-Clot Limit Test

Number of Replicates

E

n

d

o

t

o

x

i

n

C

o

n

c

e

n

t

r

a

Solution*

* Prepare Solution A and the positive product control Solution Busing a dilution not greater than the MVD and treatments as described for the Test for Interfering
Factors in Preparatory Testing. The positive control Solutions Band C contain the Standard Endotoxin Solution at a concentration corresponding to twice the labeled
lysate sensitivity. The negative control Solution D consistsof Water for BET.
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Table 3. Preparation of Solutions for the Gel-Clot Assay

Number

of

Replicat

es

End

otoxin

Conce

ntratio

n

Dilution

Fac-

tor

Diluent

Endotoxin

Concentration/

Solutionto Which

Endotoxin Is

Added

Solution

2—1Water for BETNone/Sample SolutionAa

2—2

2—4

2—8

22λ1—2λ/Sample SolutionBb

22λ1Water for BET2λ/Water for BETCc

21λ2

20.5λ4

20.25λ8

2———None/Water for BETDd

aSolution A: Sample Solution under test at the dilution, not to exceed the MVD, with which the Test for Interfering Factors was completed. Subsequent dilution of
the Sample Solution must not exceed the MVD. Use Water for BET to make a dilution series of four tubes containing the Sample Solution under test at concentrations
of 1, ½, ¼, and ⅛ relative to the concentration used in the Test for Interfering Factors. Other dilutionsup to the MVD may be used as appropriate.
b Solution B: Solution A containing standard endotoxin at a concentration of 2λ (positive product control).
c Solution C: Two replicatesof four tubes of Water for BETcontaining the standard endotoxin at concentrations of 2λ, λ, 0.5λ, and 0.25λ, respectively.
d Solution D: Water for BET (negative control).

CALCULATION AND INTERPRETATION

The test is considered valid when the following three conditions are met: (1) Both replicates of negative control Solution D
are negative; (2) Both replicates of positive product control Solution B are positive; and (3) The geometric mean endpoint 
concentration of Solution C is in the range of 0.5λ to 2λ.

To determine the endotoxin concentration of Solution A, calculate the endpoint concentration for each replicate by 
multiplying each endpoint dilution factor by λ. The endotoxin concentration in the Sample Solution is the endpoint 
concentration of the replicates. If the test is conducted with a diluted Sample Solution, calculate the concentration of endotoxin 
in the original Sample Solution by multiplying by the dilution factor. If none of the dilutions of the Sample Solution is positive
in a valid assay, report the endotoxin concentration as less than λ (if the diluted sample was tested, report as less than λ times 
the lowest dilution factor of the sample). If all dilutions are positive, the endotoxin concentration is reported as equal to or 
greater than the greatest dilution factor multiplied by λ (e.g., initial dilution factor times eight times λ in Table 3).

The preparation under test meets the requirements of the test if the concentration of endotoxin in both replicates is less than 
that specified in the individual monograph.

PHOTOMETRIC QUANTITATIVE TECHNIQUES

Turbidimetric Technique

This technique is a photometric assay measuring increases in reactant turbidity. On the basis of the particular assay principle 
employed, this technique may be classified as either an endpoint-turbidimetric assay or a kinetic-turbidimetric assay. The 
endpoint-turbidimetric assay is based on the quantitative relationship between the concentration of endotoxins and the

4

INTERPRETATION

The test is considered valid when both replicates ofSolutions B and C are positive and those of SolutionD are negative. When a
negative result is found for both replicates of Solution A, the preparation under test complies with the test. When a positive 
result is found for both replicates of Solution A, the preparation under test does not comply with the test.

When a positive result is found for one replicate of Solution A and a negative result is found for the other, repeat the test. In
the repeat test, the preparation under test complies with the test if a negative result is found for both replicates of Solution A.
The preparation does not comply with the test if a positive result is found for one or both replicates of Solution A. However, if
the preparation does not comply with the test at a dilution less than the MVD, the test may be repeated using a greater dilut ion,
not exceeding the MVD.

Quantitative Test

PROCEDURE

The test quantifies bacterial endotoxins in Sample Solutions by titration to an endpoint. Prepare Solutions A, B, C, and D as
shown in Table 3, and test these solutions by following the procedure in Preparatory Testing, Test for Confirmation of Labeled
Lysate Sensitivity.
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Number of Replicates
Solution

to Which

Endotoxin

Is Added

Endotoxin ConcentrationSolution

Not less than 2Sample SolutionNoneAa

Not less than 2Sample SolutionMiddle concentration of the standard curveBb

Each not less than 2Water for BETAt least three concentrations (low est concentration is
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turbidity (absorbance or transmission) of the reaction mixture at the end of an incubation period. The kinetic-turbidimetric 
assay is a method to measure either the time (onset time) needed to reach a predetermined absorbance or transmission of the 
reaction mixture, or the rate of turbidity development. The test is carried out at the incubation temperature recommended by 
the lysate manufacturer (which is usually 37 ± 1°).

Chromogenic Technique

This technique is an assay to measure the chromophore released from a suitable chromogenic peptide by the reaction of 
endotoxins with lysate. On the basis of the particular assay principle employed, this technique may be classified as either an 
endpoint-chromogenic assay or a kinetic-chromogenic assay. The endpoint-chromogenic assay is based on the quantitative 
relationship between the concentration of endotoxins and the release of chromophore at the end of an incubation period. The 
kinetic-chromogenic assay is a method to measure either the time (onset time) needed to reach a predetermined absorbance 
of the reaction mixture, or the rate of color development. The test is carried out at the incubation temperature recommended 
by the lysate manufacturer (which is usually 37 ± 1°).

Preparatory Testing

To assure the precision or validity of the turbidimetric and chromogenic techniques, preparatory tests are conducted to verify
that the criteria for the standard curve are valid and that the sample solution does not interfere with the test. Validation for the
test method is required when conditions that are likely to influence the test result change.

ASSURANCE OF CRITERIA FOR THE STANDARD CURVE

The test must be carried out for each lot of lysate reagent. Using the Standard Endotoxin Solution, prepare at least three 
endotoxin concentrations within the range indicated by the lysate manufacturer to generate the standard curve. Perform the 
assay using at least three replicates of each standard endotoxin concentration according to the manufacturer’s instructions for 
the lysate (volume ratios, incubation time, temperature, pH, etc.). If the desired range is greater than two logs in the kinetic 
methods, additional standards should be included to bracket each log increase in the range of the standard curve. The absolute 
value of the correlation coefficient, r, must be greater than or equal to 0.980 for the range of endotoxin concentrations set up.

TEST FOR INTERFERING FACTORS

Select an endotoxin concentration at or near the middle of the endotoxin standard curve. Prepare Solutions A, B, C, and D
as shown in Table 4. Perform the test on Solutions A, B, C, and D at least in duplicate, according to the instructions for the lysate 
employed, for example, concerning volume of Sample Solution and Lysate TS, volume ratio of Sample Solution to Lysate TS, 
incubation time, etc.

Table 4. Preparation of Solutions for the Inhibition/Enhancement Test for Photometric Techniques

aSolution A: The Sample Solution may be diluted not to exceed MVD.
b Solution B:The preparation under test at the same dilution asSolution A,containing added endotoxin at a concentration equal to or near the middle of the standard
curve.
c Solution C: The standard endotoxin at the concentrations used in the validation of the method described for Assurance of Criteria for the Standard Curve under
Preparatory Testing (positive controls).
d Solution D: Water for BET (negative control).

The test is considered valid when the following conditions are met.
1. The absolute value of the correlation coefficient of the standard curve generated using Solution C is greater than or equal 

to 0.980.
2. The result with Solution D does not exceed the limit of the blank value required in the description of the lysate reagent 

employed, or it is less than the endotoxin detection limit of the lysate reagent employed.
Calculate the mean recovery of the added endotoxin by subtracting the mean endotoxin concentration in the solution, if 

any (Solution A, Table 4), from that containing the added endotoxin (Solution B, Table 4). In order to be considered free of 
factors that interfere with the assay under the conditions of the test, the measured concentration of the endotoxin added to 
the Sample Solution must be within 50%–200% of the known added endotoxin concentration after subtraction of any endotoxin 
detected in the solution without added endotoxin.

When the endotoxin recovery is out of the specified range, the Sample Solution under test is considered to contain interfering 
factors. Then, repeat the test using a greater dilution, not exceeding the MVD. Furthermore, interference of the Sample 
Solution or diluted Sample Solution not to exceed the MVD may be eliminated by suitable validated treatment such as filtration, 
neutralization, dialysis, or heat treatment. To establish that the chosen treatment effectively eliminates interference without loss
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of endotoxins, perform the assay described above, using the preparation to be examined to which Standard Endotoxin has 
been added and which has then been submitted to the chosen treatment.

Test Procedure

Follow the procedure described for Test for Interfering Factors under Preparatory Testing, immediately above.

Calculation

Calculate the endotoxin concentration of each of the replicates of Solution A, using the standard curve generated by the 
positive control Solution C. The test is considered valid when the following three requirements are met.

1. The results of the control Solution C comply with the requirements for validation defined for Assurance of Criteria for the 
Standard Curve under Preparatory Testing.

2. The endotoxin recovery, calculated from the concentration found in Solution B after subtracting the concentration of 
endotoxin found in Solution A, is within the range of 50%–200%.

3. The result of the negative control Solution D does not exceed the limit of the blank value required in the description of 
the lysate employed, or it is less than the endotoxin detection limit of the lysate reagent employed.

Interpretation

In photometric assays, the preparation under test complies with the test if the mean endotoxin concentration of the 
replicates of Solution A, after correction for dilution and concentration, is less than the endotoxin limit for the product.

USP Reference Standards (11)
USP Endotoxin RS
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USP <659> 
Packaging and 
Storage 
Requirements

 Official: April 1, 2021

 Enforceable: April 1, 2021

POISON PREVENTION PACKAGING ACT

This act, which is administered by the US Consumer Product Safety Commission (CPSC), requires special packaging for most 
human oral prescription drugs, oral controlled drugs, certain non-oral prescription drugs, certain dietary supplements, and 
many over-the-counter (OTC) drug preparations, to protect the public from personal injury or illness from misuse of these 
preparations [16 Code of Federal Regulations (CFR) §1700].

The primary packaging of substances regulated under the Poison Prevention Packaging Act (PPPA) must comply with the 
special packaging standards. These apply to all packaging types, including reclosable, non-reclosable, and unit-dose types.

Special packaging is not required for drugs dispensed within a hospital setting for inpatient administration. Also, special 
packaging does not need to be used by manufacturers and packagers of bulk-packaged prescription drugs that will be 
repackaged by the pharmacist. PPPA-regulated prescription drugs may be dispensed in non-Child-resistant packaging upon the 
request of the purchaser or when directed in a legitimate prescription.

Manufacturers or packagers of PPPA-regulated OTC preparations are allowed to package one size in non-Child-resistant 
packaging as long as popular-size, special packages are also supplied. The non-Child-resistant packaging requires special labeling.

TEMPERATURE AND STORAGE

Specific directions are stated in some monographs with respect to storage conditions (e.g., the temperature or humidity) at 
which an article must be stored and shipped. Storage and shipping directions apply except where the label on the article or its 
prescribing information has different storage conditions that are based on stability studies. Where no specific directions or 
limitations are provided in the article’s labeling or prescribing information, articles must be protected from moisture, freezing, 
and excessive heat, and, where necessary, from light during shipping and distribution; drug substances are exempt from this 
requirement.

1

(659) PACKAGING AND STORAGEREQUIREMENTS

(A portion of the Packaging section of this chapter will become official on December 1, 2025 as indicated. Early adoption 
of the requirements in this chapter and Plastic Materials of Construction (661.1) and Plastic Packaging Systems for 
Pharmaceutical Use (661.2) is permitted by USP.)

INTRODUCTION

The purpose of this chapter is to provide packaging definitions, auxiliary packaging information, and storage condition 
definitions relevant to the storage and distribution of active ingredients, excipients, and medical products, such as 
pharmaceuticals, combination products, and,when labeled as being USP compliant, dietary supplements.

Change to read:

PACKAGING

Packaging materials must not interact physically or chemically with a packaged article in a manner that causes its safety, 
identity, strength, quality, or purity to fail to conform to established requirements. ▲Any plastic material used to construct a
Packaging system must meet the applicable requirements of Plastic Materials of Construction (661.1).▲ (Official 1-Dec-2025)All Packaging 
systems must meet the applicable requirements specified in Containers—Glass (660), Plastic Packaging Systems and Their Materials 
of Construction (661), ▲Plastic Packaging Systems for Pharmaceutical Use (661.2),▲ (Official 1-Dec-2025)and Auxiliary Packaging 
Components (670). All elastomeric closures must meet the applicable requirements in Elastomeric Components in Injectable 
Pharmaceutical Product Packaging/Delivery Systems (381).

Every monograph in USP–NF must have packaging and storage requirements. For the packaging portion of the statement, 
the choice of containers is provided in this chapter. For active pharmaceutical ingredients (APIs), the choice would be a tight 
or well-closed container (as specified in the monograph), and, where needed, a light-resistant container. For excipients, given 
their typical presentation as large-volume commodity items (Packaging systems ranging from drums to tank cars), awell-closed 
container is an appropriate default requirement. Articles must be protected from moisture, freezing, and excessive heat (see 
General Definitions) when no specific directions or limitations are provided.

The compendial requirements for the use of specified containers apply also to articles packaged by Dispensers, Repackagers, 
or other individuals, unless otherwise indicated in the individual drug product monograph.
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Change to read:

GENERAL DEFINITIONS

Packaging Definitions
Packaging system (also referred to as a Container–closure system): The sum of Packaging components and materials that 

together contain and protect the article. This includes Primary packaging components as well as Secondary packaging 
components when such components are required to provide additional protection.

Container: A receptacle that holds an intermediate compound, API, excipient, or dosage form, and is in direct contact with 
the article (e.g., ampules, vials, bottles, syringes, and pen injectors).

Closure: A material that seals an otherwise open space of a Container and provides protection for the contents. It also 
provides access to the contents of the Container (e.g., screw caps and stoppers).

Packaging component: Any single part of the Package or Container–closure system, including: the Container; Closures; 
ferrules and overseals; Closure liners; Container liners (e.g., tube cartridge liners); inner seals; administration ports; overwraps; 
administration accessories; labels; cardboard boxes; and shrink wrap.

Primary packaging component: A Packaging component that is in direct contact with or may come into direct contact 
with the article.

Secondary packaging component: A Packaging component that is in direct contact with a Primary packaging 
component and may provide additional protection for the article.

Tertiary packaging component: A Packaging component that is in direct contact with a Secondary packaging 
component and may provide additional protection for the article during transportation and/or storage.

Ancillary component: A component or entity that may come into contact with a Tertiary packaging component during 
the distribution, storage, and/or transportation of the packaged article (e.g., pallets, skids, and shrink wrap).

Associated component: A Packaging component that is typically intended to deliver the drug article to the patient but is 
not stored in contact with the article for its entire shelf life (e.g., spoons, Dosing cups, and dosing syringes).

Materials of construction: The materials (e.g., glass, plastic, elastomers, and metal) of which a Packaging component
consists.

Small-volume injection (also referred to as Small-volume parenteral): An injectable dosage form that is packaged in
Containers labeled as containing 100 mL or less.

Large-volume injection (also referred to as Large-volume parenteral): An injectable dosage form that is packaged in
Containers labeled as containing more than 100 mL.

Child-resistant packaging: A Packaging system designed or constructed to meet CPSC standards pertaining to opening 
by children (16 CFR §1700.20 et seq. and 16 CFR §1700.15).

Senior-friendly packaging: A Packaging system designed or constructed to meet CPSC standards pertaining to opening 
by senior adults (16 CFR §1700.15 and 16 CFR §1700.20).

Restricted delivery system: A Packaging system designed or constructed to restrict (control) the amount of the drug 
product that may be delivered in order to limit unintended access by children and other similarly vulnerable populations. 
Restricted delivery systems should meet and may exceed CPSC standards for special packaging [Child-resistant and Senior-friendly 
packaging (16 CFR §1700.15 et seq.)]. For oral medicinal liquids, surface and flow characteristics vary. It is the responsibility of 
the manufacturer to ensure that all components of the Restricted delivery system provide the intended safety protection. One 
component of the Restricted delivery system is the flow restrictor, which is a Packaging component that restricts the flow of liquid. 
The flow restrictor may be used as part of a Restricted delivery system or as an adapter to facilitate use of a measuring device for 
oral medicinal liquids. A flow restrictor should not compromise CPSC standards for special packaging [Child-resistant and 
Senior-friendly packaging (16 CFR §1700.15 et seq.)].

Tamper-evident packaging: A Packaging system that may not be accessed without obvious destruction of the seal or 
some portion of the Packaging system. Tamper-evident packaging must be used for sterile drug products intended for ophthalmic 
or otic use, except where extemporaneously compounded for immediate dispensing on prescription. Drug products intended 
for sale without prescription are also required to comply with the Tamper-evident packaging and labeling requirements of the 
FDA where applicable (21 CFR §211.132). Preferably, the immediate Container and/or the outer Container or protective 
packaging used by a manufacturer or distributor for all dosage forms that are not specifically exempt is designed to show 
evidence of any tampering with the contents.

Reclosable packaging: A package that after it has been initially opened is capable of being reclosed with a similar degree 
of security and is capable of being used a sufficient number of times to dispense the total contents without loss of security.
Reclosable packaging may incorporate child-resistance capabilities.

Non-reclosable packaging: A package or part of a package that cannot be closed again after all or part of the contents 
have been removed. Examples of Non-reclosable packaging are blisters, sachets, strips, and other Single-unit containers.
Non-reclosable packaging may include cold-formed foil blisters, foil strip packs, and polyvinyl chloride (PVC)/Aclar combining 
multilayer materials that are thermo-formed or cold-formed foil blisters. Non-reclosable packaging may be child resistant 
depending on the intended use and place of use. Household non-reclosables are subject to the PPPA as defined in 16 CFR
§1700.14.

Hermetic container: A Container–closure system that is impervious to air or any other gas under the ordinary or customary 
conditions of handling, shipment, storage, and distribution.

Tight container: A Container–closure system that protects the contents from contamination by extraneous liquids, solids, 
or vapors; from loss of the article; and from efflorescence, deliquescence, or evaporation under the ordinary or customary 
conditions of handling, shipment, storage, and distribution, and is capable of tight reclosure. Where a tight container is specified, 
it may be replaced by a hermetic container for a single dose of an article. [NOTE—Where packaging and storage in a tight 
container or well-closed container is specified in the individual monograph, the container used for an article when dispensed 
on prescription meets the requirements in Containers—Performance Testing (671).]
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NoninjectionInjection

Multiple-unitMultiple-dose

Single-unitSingle-dose

Unit-dose—

Unit-of-use—

—Pharmacy bulk package

—Imaging bulk package

Injection Packaging Systems
Multiple-dose container (also referred to as Multi-dose): A Container–closure system that holds a sterile medication for 

parenteral administration (injection or infusion) that has met antimicrobial effectiveness testing requirements, or is excluded 
from such testing requirements by FDA regulation. A Multiple-dose container is intended to contain more than one dose of a
drug product. When space permits, a Multiple-dose container is labeled as such. Multiple-dose containers are generally expected 
to contain 30 mL or less of medications. The beyond-use date for an opened or entered (e.g., needle-punctured) Multiple-dose 
container is 28 days unless otherwise specified by the manufacturer on the label. An example of a Multiple-dose container is avial.

Single-dose container: A Container–closure system that holds a sterile medication for parenteral administration (injection 
or infusion) that is not required to meet the antimicrobial effectiveness testing requirements. A Single-dose container is designed
for use with a single patient as a single injection/infusion.1 When space permits, a Single-dose container is labeled as such and
should include on the label appropriate discard statements. Examples of Single-dose containers are vials, ampules, and prefilled
syringes.

Pharmacy bulk package: A Container–closure system of a sterile preparation for parenteral use that contains many single 
doses. The contents are intended for use in a pharmacy admixture program and are restricted to the preparation of admixtures 
for infusion or, through a sterile transfer device, for the filling of empty sterile syringes. The Closure must be penetrated only 
one time after constitution, if necessary, with a suitable sterile transfer device or dispensing set that allows measured dispensing 
of the contents. The Pharmacy bulk package is to be used only in a suitable work area such as a laminar flow hood (or an 
equivalent clean-air compounding area). Designation as a Pharmacy bulk package is limited to injection, for injection, or 
injectable emulsion dosage forms as defined in Nomenclature (1121), General Nomenclature Forms.

Pharmacy bulk packages, although containing more than one single dose, are exempt from the Multiple-dose container volume 
limit of 30 mL and the requirement that they contain a substance or suitable mixture of substances to prevent the growth of 
microorganisms. See Labeling (7) for labeling requirements.

Imaging bulk package: A container of a sterile preparation for parenteral use that contains many single doses of a contrast 
agent (medical imaging drug product) for use with a medical imaging device. The contents are restricted to use in direct 
conjunction with a device with features to mitigate the risk of cross-contamination (i.e., an automated contrast injection system, 
contrast management system, or contrast media transfer set approved or cleared for use with an Imaging bulk package). The 
sterility assurance of the Imaging bulk package contents in part is dependent upon the automated contrast injection system, the 
contrast management system, or the contrast media transfer set.

The Imaging bulk package is to be used only in a room designated for radiological procedures that involve intravascular 
administration of a contrast agent. Using aseptic technique, the Imaging bulk package closure must be penetrated only one 
time with a suitable sterile component of the automated contrast injection system, the contrast management system,or the 
contrast media transfer set. If the integrity of the Imaging bulk package and the delivery system cannot be assured through 
direct continuous supervision, the Imaging bulk package and all associated disposables for the automated contrast injection 
system, the contrast management system, or the contrast media transfer set should be discarded.

Designation as an Imaging bulk package is limited to injection, for injection, or injectable emulsion dosage forms as defined 
in (1121), General Nomenclature Forms. Imaging bulk packages, although containing more than one single dose, are exempt 
from the multiple-dose container volume limit of 30 mL. The contents of the Imaging bulk package must have demonstrated 
the ability to limit the growth of microorganisms over the labeled period of use.

1 Exceptions may be considered only under conditions described in Pharmaceutical Compounding—Sterile Preparations (797).

3

Well-closed container: A Container–closure system that protects the contents from contamination by extraneous solids
and from loss of the article under the ordinary or customary conditions of handling, shipment, storage, and distribution. See
(671).

Light-resistant container: A Container–closure system that protects the contents from the effects of light by virtue of the 
specific properties of the material of which it is composed, including any coating applied to it. A clear and colorless or a
translucent container may be made light-resistant by means of an opaque covering or by use of secondary packaging, in which 
case the label of the container bears a statement that the opaque covering or secondary packaging is needed until the articles 
are to be used or administered. Where it is directed to “protect from light” in an individual monograph, preservation in a
light-resistant container is intended. See (671), Spectral Transmission ▲for Light-Resistant Packaging Components or
Systems▲ (ERR 1-Apr-2021) or (661.2), Functionality ▲Test Method,▲ (ERR 1-Dec-2025) Spectral Transmission Requirements for Light-Resistant 
Components and Systems.

Equivalent container–closure system: A Container–closure system that is as protective as or more protective than the
original manufacturer’s Packaging system in terms of moisture vapor transmission rate, oxygen transmission, light transmission,
and compatibility. System equivalency extends to any special protective materials, such as those for seals or desiccants associated
with the original Packaging system.

Table 1. Packaging Systems Definitions: Injection versus Noninjection
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INJECTION PACKAGING

Packaging for sterile products intended for injection must be validated as meeting the containment, protection, and 
compatibility requirements that are essential for maintaining the article’s strength, quality, and purity. Refer to Package Integrity 
Evaluation—Sterile Products (1207), Package Integrity Testing in the Product Life Cycle—Test Method Selection and Validation 
(1207.1), Package Integrity Leak Test Technologies (1207.2), and Package Seal Quality Test Technologies (1207.3) for further 
information regarding sterile product container–closure integrity testing and validation. Closures for Multiple-dose containers 
permit the withdrawal of the contents without removal or destruction of the Closure. The Closure permits penetration by a
needle and, upon withdrawal of the needle, closes at once, protecting the contents against contamination. Refer to (381) for 
Closure reseal tests that are useful for screening multiple-dose Closures for their reseal properties. Additional testing may be 
needed to ensure that the specific Closure selected for a product package is able to prevent loss of product contents and microbial 
contamination under anticipated conditions of multiple entry and use. Piggyback Packaging systems are usually intravenous 
infusion Container–closure systems that are used to administer a second infusion through a connector of some type or an injection 
port on the administration set of the first fluid, thereby avoiding the need for another injection site on the patient’s body.
Piggyback Packaging systems also are known as secondary infusion containers.

The volume of injection in a Single-dose container provides the amount specified for one-time parenteral administration, and 
in no case is more than sufficient to permit the withdrawal and administration of 1 L. Preparations intended for intraspinal, 
intracisternal, or peridural administration are packaged in Single-dose containers only. Unless otherwise specified in the individual 
monograph, a Multiple-dose container contains a volume of injection sufficient to permit the withdrawal of NMT 30 mL.

The following injections are exempt from the 1-L restriction of the foregoing requirements relating to packaging:
• Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis solutions
• Injections packaged for intravascular use as parenteral nutrition or as replacement or substitution fluid to be administered 

continuously during hemofiltration
Injections packaged for intravascular use that may be used for intermittent, continuous, or bolus replacement fluid 

administration during hemodialysis or other procedures, unless excepted above, must conform to the 1-L restriction. Injections 
labeled for veterinary use are exempt from the packaging and storage requirements concerning the limitation to single-dose 
Packaging systems and the limitation on the volume of Multiple-dose containers.

4

Where a container is offered as an Imaging bulk package, the label must: 1) state prominently “Imaging Bulk Package” and, 
in juxtaposition with this statement, include the following use statement: “For use only with an automated contrast injection 
system, contrast management system, or contrast media transfer set approved or cleared for use with this contrast agent in this 
Imaging Bulk Package”; 2) bear a statement limiting the time frame in which the container may be used once it has been 
entered, provided it is held under the labeled storage conditions; and 3) bear the statement, “See drug and device labeling for 
information on devices indicated for use with this Imaging Bulk Package and techniques to help assure safe use”.

Noninjection Packaging Systems
Multiple-unit container: A Container–closure system that permits withdrawal of successive portions of a noninjection 

article without changing the safety, strength, quality, or purity of the remaining portion (e.g., bottle of capsules, tablets, oral 
or topical liquids, and semisolids).

Single-unit container: A Container–closure system that holds a quantity of a noninjection article intended for 
administration as a single dose or a single finished device intended for use promptly after the Packaging system is opened.

Unit-dose container: A single-unit Container–closure system for an article intended for administration by other than the 
parenteral route as a single dose.

Unit-of-use container: A Container–closure system that contains a specific quantity of an article that is intended to be 
dispensed as such without further modification except for the addition of appropriate labeling (see (7)). It is not permitted to 
repackage Unit-of-use containers for sale.

Miscellaneous
Repackaging: The act of removing a drug product from the original manufacturer’s Packaging system and placing it into 

another Packaging system, usually one of smaller size.
Repackager: A firm that repackages drug products for distribution (e.g., for resale to distributors, hospitals, or pharmacies).

For drug products, this applies to a function that is beyond the regular practice of a pharmacy. The distribution is not 
patient-specific, in that there are no prescriptions.

Contract packager/contract repackager: A firm that is contracted by another organization, such as a manufacturer, 
to package bulk into a marketed Container of a drug product. A Contract packager does not take ownership from the 
manufacturer and generally receives the assigned expiration date from the manufacturer.

Dispenser: A licensed or registered practitioner who is legally responsible for providing the patient with a preparation that 
is in compliance with a prescription or a medication order and contains a specific patient label. In addition, dispensers may 
prepare limited quantities in anticipation of a prescription or medication order from a physician. Dispensers are governed by 
the board of pharmacy of the individual state. The terms “dispenser” and “pharmacy” are used interchangeably.

Beyond-use date: See (7).
Expiration date: See (7).
Black closure system or black bands: The use of a Black closure system on a vial (e.g., a black cap overseal and a black 

ferrule to hold the elastomeric closure) or the use of a Black band or series of bands above the constriction on an ampule is 
prohibited, except for (7), Labels and Labeling for Injectable Products, Potassium Chloride for Injection Concentrate.
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Packaging for Constitution

Containers, including the Closures, for dry solids intended for injection must not interact physically or chemically with the 
preparation in any manner that alters the strength, quality, or purity beyond the official requirements under the ordinary or 
customary conditions of handling, shipment, storage, sale, and use. A Packaging system for a sterile solid permits the addition 
of a suitable solvent and withdrawal of portions of the resulting solution or suspension in such manner that the sterility of the 
product is maintained. Where the assay in a monograph provides a procedure for the sample solution, in which the total 
withdrawable contents are to be withdrawn from a Single-dose container with a hypodermic needle and syringe, the contents 
are to be withdrawn as completely as possible into a dry hypodermic syringe of a rated capacity not exceeding 3 times the 
volume to be withdrawn and fitted with a 21-gauge needle NLT 2.5 cm (1 inch) in length. Care must be taken to expel any air 
bubbles, and the contents are then discharged into a Container for dilution and assay.

MEDICAL GAS PACKAGING
Gas cylinder: A metallic Packaging system constructed of steel or aluminum and designed to hold medical gases under 

pressure; these gases may include: Carbon Dioxide USP, Helium USP, Medical Air USP, Nitrogen NF, and Oxygen USP. As a safety 
measure, for carbon dioxide, helium, medical air, nitrous oxide, and oxygen, the Pin Index Safety System of matched fittings
is recommended for cylinders of Size E or smaller.

ASSOCIATED COMPONENTS
Many Associated Components are graduated for measurement and dose administration. Associated Components can be 

packaged with the drug product or sold and purchased separately. It is the responsibility of the manufacturer to ensure that 
the appropriate measurement and dosing component is provided or that a general purpose component, such as those described 
in this section, is specified for delivering the appropriate amount/dose with the intended accuracy. Liquid preparations have 
unique surface and flow characteristics. Consequently, the volume delivered from a measurement/dosing component may vary 
for each preparation.

The graduated Associated Components described in this section are for general use and should be composed of safe materials.
Graduated markings should be legible and indelible, and on an extraoral surface that does not contact the product.

The markings on associated components must be in metric units only and limited to a single measurement scale that 
corresponds with the dosing instructions on the OTC or prescription container label (see Prescription Container Labeling (17)). 
Under expected conditions of use, the volume error incurred in measuring an individual dose by means of such graduated 
components should be NMT 10% of the indicated amount of the preparation with which the graduated component will
be used.

Dosing cup: A measuring device consisting of a small cup that may be packaged with oral liquid articles.
Dosing spoon: A measuring device consisting of a bowl and handle that may be packaged with oral liquid articles. The 

handle may be a graduated tube.
Medicine dropper: A measuring device consisting of a transparent or translucent barrel or tube that is generally fitted 

with a collapsible bulb. It may be packaged with liquid articles.
Oral syringe: A measuring device consisting of a plunger and barrel made of transparent or translucent plastic material 

and a seal on the end. It may be packaged with oral liquid articles. The syringe should deliver a measured amount of a liquid 
drug product.

TEMPERATURE AND STORAGE DEFINITIONS
Freezer: A place in which the temperature is cont rol led between −25° and −10° (−13° and 14° F). It is noted that, in some

instances, articles may have a recommended storage condition below −20° (−4° F). In such cases, the temperature of the storage
location should be controlled to ±10° of the recommended storage condition.

Refrigerator: A cold place in which the temperature is controlled between 2° and 8° (36° and 46° F).
Cold: Any temperature not exceeding 8° (46° F).
Cool: Any temperature between 8° and 15° (46° and 59° F). [NOTE—An article for which storage in a cool place is directed

may, alternatively, be stored and shipped as refrigerated, unless otherwise specified by the individual monograph.]
Room tempera ture (also referred to as Ambient temperature): The temperature prevailing in a working environment.
Controlled cold temperature: The temperature maintained thermostatically between 2° and 8° (36° and 46° F), which 

allows for temperature excursions between 2° and 15° (36° and 59° F) that may be experienced during storage, shipping, and 
distribution, but not to exceed 24 h, such that the allowable calculated mean kinetic temperature (MKT) is NMT 8° (46° F) with 
no excursions below 2° (36° F) or above 15° (59° F). These limits (time and temperature) and the calculated MKT must be 
documented (see Mean Kinetic Temperature in the Evaluation of Temperature Excursions During Storage and Transportation of Drug 
Products (1079.2)). Additionally, controlled cold excursions may only occur one time during the possession of the product within 
the supply chain unless directed otherwise by the manufacturer. The length of time the product is held at 2° and 15° (36° and 
59° F) should be supported by stability data. Other limits may be permitted if the manufacturer so instructs as supported by 
the manufacturer’s stability data and/or thermal cycling studies.

Controlled room temperature: The temperature maintained thermostatically that encompasses the usual and 
customary working environment of 20°–25° (68°–77° F).

MKT may be used during an excursion provided: 1) MKT does not exceed 25° (77° F); 2) excursion between 15° and 30°
(59° and 86° F); 3) transient excursions are NMT 40° (104° F); and 4) excursion time is NMT 24 h.2 These limits (time and 
temperature) and the calculated MKT must be documented.

2 Anderson C, Seevers R, Hunt D. The use of mean kinetic temperature to aid evaluation of temperature excursions: proper and improper application.
Pharm Forum. 2018;44(4). w ww.usppf.com/pf/pub/index.html.
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Articles may be labeled for storage at “controlled room temperature” or at “20°–25°”, or other wording based on the same 
MKT. (See (1079.2).)

An article for which storage at Controlled room temperature is directed may, alternatively, be stored and shipped in a cool 
place or refrigerated, unless otherwise specified in the individual monograph or on the label. Storage time in controlled cold 
or cool place cannot be used to calculate excursion temperature outside of controlled room temperature ranges.

Warm: Any temperature between 30° and 40° (86° and 104° F).
Excessive heat: Any temperature above 40° (104° F).
Dry place: A place that does not exceed 40% average relative humidity at 20° (68° F) or the equivalent water vapor pressure 

at other temperatures. The determination may be made by direct measurement at the place. Determination is based on NLT 
12 equally spaced measurements that encompass either a season, a year, or, where recorded data demonstrate, the storage 
period of the article. There may be values of up to 45% relative humidity provided that the average value does not exceed 40% 
relative humidity. Storage in a Container validated to protect the article from moisture vapor, including storage in bulk, is 
considered a Dry place.

Do not refrigerate: The Container label will bear an appropriate instruction to protect the article from refrigeration in 
cases where refrigeration exposes the article to loss of strength or potency or destructive alteration of its characteristics (e.g., 
precipitation, cloudiness). These risks are increased when a drug product with the storage temperature of 20°–25° (68°–77° F) 
is formulated at near-maximum solubility.

Protect from freezing: The Container label will bear an appropriate instruction to protect the article from freezing in cases
where freezing exposes an article to loss of strength or potency or to destructive alteration of its characteristics. These risks are
present in addition to the risk that the Container may break if exposed to freezing temperatures.

Protect from light: Where light subjects an article to loss of strength or potency or to destructive alteration of its 
characteristics, the Container label bears an appropriate instruction to protect the article from light. The article must be packaged 
in a light-resistant Container.
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USP <790> Visible 
Particulates in 
Injections

 Official: May 1, 2016

 Enforceable: May 1, 2016

INSPECTION PROCEDURE

Used along with 100% inspection during the manufacturing process, this procedure is sufficient to demonstrate that the 
batch is essentially free of visible particulates. A complete program for the control and monitoring of particulate matter remains 
an essential prerequisite.

Inspected units must be free of visible particulates when examined without magnification (except for optical correction as 
may be required to establish normal vision) against a black background and against a white background. Illumination at the 
inspection point is maintained at a minimum intensity between 2000 and 3750 lux. This can be achieved through the use of 
two 13-W or 15-W fluorescent lamps (e.g., F13/T5 or F15/T8). The use of a high-frequency ballast to reduce flicker from the 
fluorescent lamps is recommended. Alternative light sources (e.g., incandescent, LED) that provide illumination at the point of 
inspection within the specified minimum intensity range are acceptable. Higher illumination intensity is recommended for 
examination of colored solutions or product in containers other than clear glass.

Before performing the inspection, remove any adherent labels from the container, and wash and dry the outside. The unit 
under inspection should be gently swirled and/or inverted, ensuring that no air bubbles are produced, and inspected for 
approximately 5 s against each of the backgrounds. The presence of any particles should be recorded.

Sampling at Batch Release (After 100% Manufacturing Inspection)

Sample and inspect the batch using ANSI/ASQ Z1.4 (or ISO 2859-1). General Inspection Level II, single sampling plans for
normal inspection with an AQL of 0.65%. Alternative sampling plans with equivalent or better protection are acceptable. NMT
the specified number of units contains visible particulates.

Product in Distribution2

If it becomes necessary to evaluate product that has been shipped to customers (e.g., because of a complaint or regulatory 
concern), sample and inspect 20 units. If no particles are observed in the sample, the batch is considered essentially free of 
visible particulates. If available, additional units may be inspected to gain further information on the risk of particulates in the 
batch.

1

(790) VISIBLE PARTICULATES IN INJECTIONS

INTRODUCTION

All products intended for parenteral administration must be visually inspected for the presence of particulate matter as 
specified in Injections and Implanted Drug Products (1). Dry solids, from which constituted solutions are prepared for injection, 
meet the requirements for Completeness and clarity of solutions in Injections and Implanted Drug Products (1) when they are 
prepared just before use. Where used in this chapter, the term essentially free means that when injectable drug products are 
inspected as described herein, no more than the specified number of units may be observed to contain visible particulates. 
Particulate matter is defined in Particulate Matter in Injections (788) as extraneous mobile undissolved particles, other than gas 
bubbles, unintentionally present in solutions. See Subvisible Particulate Matter in Therapeutic Protein Injections (787) for additional 
information on inherent, intrinsic, and extrinsic particulates. Examples of such particulate matter include, but are not limited 
to, fibers, glass, metal, elastomeric materials, and precipitates. However, some products may contain inherent particles or 
agglomerates; in such cases, requirements for these particular visible particulates are specified in the individual monograph or 
in the approved regulatory application but the control and acceptance criteria for extraneous particles described in this chapter 
apply.

Where the nature of the contents or the container–closure system permits only limited capability for inspection of the total
contents, the 100% inspection of a batch shall be supplemented with the inspection of constituted (e.g., dried) or withdrawn
(e.g., dark amber container, suspensions, highly colored liquids) contents of a sample of containers from the batch. The
destructive nature of these tests requires the use of a sample smaller1 than those traditionally used for non-destructive 
acceptance sampling after 100% inspection. Although the tests described in this chapter may be useful during studies to 
examine product stability, this chapter is not intended to establish any new testing requirements for stability studies.

1 The special level sampling plans described in ANSI/ASQ Z1.4–2008 or ISO 2859 are appropriate to guide the selection of sample size and acceptance
criteria for this purpose.
2 Testing outlined in Product in Distribution is permissible only if Sampling at Batch Release(after 100% Manufacturing Inspection) has been successfully
completed.
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USP <71> Questions

 True or False: If the package insert for a radiopharmaceutical only requires 
RCP testing, a visual inspection is not necessary?

 👍 True

 ❤ False

USP <71> Questions

 True or False: If the package insert for an injectable radiopharmaceutical 
only requires RCP testing, a visual inspection is not necessary?

 👍 True

 ❤ False

USP <1116> 
Microbiological 
Control and 
Monitoring of 
Aseptic 
Processing 
Environments

 Official: Prior to 2013

 Enforceable: Prior to 2013
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(1116) MICROBIOLOGICAL CONTROL AND MONITORING OF 
ASEPTIC PROCESSING ENVIRONMENTS

Microbiologically controlled environments are used for a variety of purposes within the healthcare industry. This general 
information chapter provides information and recommendations for environments where the risk of microbial contamination
is controlled through aseptic processing. Products manufactured in such environments include pharmaceutical sterile products, 
bulk sterile drug substances, sterile intermediates, excipients, and, in certain cases, medical devices. Aseptic processing 
environments are far more critical in terms of patient risk than controlled environments used for other manufacturing operations
—for example, equipment and component preparation, limited bioburden control of nonsterile products, and processing of 
terminally sterilized products. In this chapter, the type of aseptic processing is differentiated by the presence or absence of 
human operators. An advanced aseptic process is one in which direct intervention with open product containers or exposed 
product contact surfaces by operators wearing conventional cleanroom garments is not required and never permitted. [NOTE—A
description of terms used in this chapter can be found in the Glossary at the end of the chapter.]

The guidance provided in this chapter and the monitoring parameters given for microbiological evaluation should be applied 
only to clean rooms, restricted-access barrier systems (RABS), and isolators used for aseptic processing. ISO-classified 
environments used for other purposes are not required to meet the levels of contamination control required for aseptically 
produced sterile products. The environments used for nonsterile applications require different microbial control strategies.

A large proportion of products labeled as sterile are manufactured by aseptic processing rather than terminal sterilization.
Because aseptic processing relies on the exclusion of microorganisms from the process stream and the prevention of 
microorganisms from entering open containers during processing, product bioburden as well as the bioburden of the 
manufacturing environment are important factors governing the risk of unacceptable microbial contamination. The terms 
aseptic and sterile are not synonymous. Sterile means having a complete absence of viable microorganisms or organisms that 
have the potential to reproduce. In the purest microbiological sense, an aseptic process is one that prevents contamination by 
the exclusion of microorganisms. In contemporary aseptic healthcare-product manufacturing, aseptic describes the process for 
handling sterilized materials in a controlled environment designed to maintain microbial contamination at levels known to 
present minimal risk.

In any environment where human operators are present, microbial contamination at some level is inevitable. Even the most 
cautious clean-room environment design and operation will not eliminate the shedding of microorganisms if human operators 
are present. Thus, an expectation of zero contamination at all locations during every aseptic processing operation is technically 
not possible and thus is unrealistic. There are no means to demonstrate that an aseptic processing environment and the 
product-contact surfaces within that environment are sterile. Monitoring locations should be determined based upon a
assessment of risk. Although manufacturers should review environmental monitoring results frequently to ensure that the facility 
operates in a validated state of control, monitoring results can neither prove nor disprove sterility. Because of the limitations of 
monitoring, manufacturers cannot rely directly on monitoring, statistics, or periodic aseptic-processing simulations to ensure a
sterility assurance level.

Environmental monitoring is usually performed by personnel and thus requires operator intervention. As a result, 
environmental monitoring can both increase the risk of contamination and also give false-positive results. Thus, intensive 
monitoring is unwarranted, particularly in the ISO 5 environments that are used in the most critical zones of aseptic processing.

A number of sampling methods can be used to assess and control the microbiological status of controlled environments for 
aseptic processing. At present, nearly all of these methods rely on the growth and recovery of microorganisms, many of which 
can be in a damaged state caused by environmental stress and therefore may be difficult to recover. The numerical values for 
air, surface, and personnel monitoring included in this chapter are not intended to represent limits or specifications but are 
strictly informational. Because of the variety of microbiological sampling equipment and methods, it is not scientifically 
reasonable to suggest that the attainment of these values guarantees microbial control or that excursions beyond values in this 
chapter indicate a loss of control. The assessment of risks associated with manufacturing environments must be made over a
significant period; and in each case, the contamination recovery rate metric should be established on the basis of a review of 
actual findings within the facility. The objective of each user should be to use contamination recovery rates to track ongoing 
performance and to refine the microbiological control program to foster improvements. When optimum operational conditions 
are achieved within a facility, contamination recovery rate levels typically become relatively stable within a normal range of 
variability.

There are no standard methods for air sampling, and available literature indicates that air-sampling methods are highly 
variable. It should not be assumed that similar sample volumes taken by different methods will produce similar rates of recovery. 
Many factors can affect microbial recovery and survival, and different air sampler suppliers may have designed their systems to 
meet different requirements. Also, sample-to-sample variation in microbial sampling can be extensive. Limited data are available 
regarding the accuracy, precision, sensitivity, and limits of detection of monitoring methods used in the aseptic processing of 
healthcare products.

Surface sampling methods are also not standardized. Different media are employed, and in the case of swabs, different results 
have been reported for wet and dry swab methods and contact plates. Replicate sample contact plates should be expected to 
give similar results under identical conditions, but rates of recovery have been reported to be both lower than expected and 
highly variable. In general, surface monitoring has been found to recover <50%, even when used with relatively high inoculum 
levels on standardized coupons. In actual production environments where organisms are stressed to varying degrees, recovery 
rates may be lower.
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ADVANCED ASEPTIC TECHNOLOGIES

Advanced aseptic technologies can be defined as those that do not rely on the direct intervention of human operators during 
processing. At present, technologies such as isolators, blow/fill/seal, and closed RABS (designs that are never opened during 
setup or operation) may be considered advanced aseptic technologies, provided that direct intervention by gowned personnel is 
disallowed during processing. In recent years, isolator technology has found a broad acceptance in healthcare manufacturing. 
Isolators and closed RABS effectively separate the operator from the critical aseptic processing environment. Because these 
systems substantially reduce contamination risk, their microbiological control levels are higher than those of conventional clean rooms that 
have comparable particulate air classification level, for example, ISO 5.

CLEAN ROOM CLASSIFICATION FOR ASEPTIC PROCESSING ENVIRONMENTS

The design and construction of clean rooms and controlled environments are covered in ISO 14644 series. This standard 
defines the performance of a clean environment with respect to the concentration of total particulates per unit volume. ISO 
14644-1 stipulates the total particulate counts allowed for a clean environment to meet the defined air quality classifications. 
The reader is referred to this standard regarding the design characteristics and certification of clean environments.

Pharmaceutical manufacturers are concerned with nonviable particulate contamination in injectable products (see Particulate 
Matter in Injections (788)). Unlike microbial contamination in which experimental data suggest that humans are the only 
significant source, nonviable particulates can arise both from humans and from processing equipment. Studies indicate that 
gowned humans slough particulate and microbial contamination at a rather consistent rate. However, the relationship 
between microbial (viable) and nonviable contamination does not hold for particulates shed by processing equipment. Where 
equipment is the primary source of particulate matter, the resulting particulates are essentially all nonviable.

The argument that if fewer total particulates are present in a clean room, it is less likely that airborne microorganisms will be 
present is true only if human operators are the source of particulate matter. It is not possible to clearly distinguish between 
background total particulate contamination generated largely by mechanical operations and the total particulates contributed 
by personnel. Thus, it is both commonplace and proper for clean-room environmental monitoring programs to consist of both 
a total particulate component and a microbiological component. Table 1 describes the clean room classifications commonly used in the 
pharmaceutical industry. In aseptic processing, clean environments of ISO 14644-1 Classes 5–8 are typically used.

Table 1. Airborne Total Particulate Cleanliness Classesa

Particles ≥0.5 µm/m 3ISOClassb

3520ISO 5

35,200ISO 6

352,000ISO 7

3,520,000ISO 8

aTaken from ISO International Standard 14644 Part 1, published by the International Organization for Standardization, May 1999.
b The four ISO 14644-1 classes correspond closely to former U.S. Federal Standard 209E classifications. The relationshipsare ISO 5/Class 100, ISO 6/Class 1000,
ISO 7/Class10,000, and ISO 8/Class 100,000.

Isolators and closed RABS present a different picture, because personnel are excluded from the aseptic processing 
environment and manipulations are made using glove-and-sleeve assemblies and half-suits made of thick, flexible plastic (such 
as polyvinyl chloride or synthetic rubber). Personnel have far less effect on the microbial quality of the environment within an 
isolator enclosure than in clean room environments. Some users have chosen to operate RABS in a manner that allows open, 
direct human intervention. In an open operational state, these systems are more similar in operation to conventional clean 
rooms and therefore cannot be considered advanced aseptic processing systems. In an open RABS, the ability of operators to 
adversely affect microbial contamination risk is higher than with closed RABS or isolators.

Specifications for air changes per hour and air velocities are not included in ISO 14644, nor were they included in Federal 
Standard 209E. Typically, ISO Class 8/Class 100,000 rooms are designed to provide a minimum of 20 air changes per hour; 
ISO Class 7/Class 10,000 rooms are designed to provide more than 50 air changes per hour; and ISO Class 5/Class 100 clean 
rooms provide more than 100 air changes per hour. The design of some facility criteria may differ. By diluting and removing 
contaminants, large volumes of air are likely to reduce airborne contamination in aseptic production. Optimum conditions vary 
considerably, depending on process characteristics, particularly the amount of contamination derived from personnel. These 
specifications should be used only as a guide in the design and operation of clean rooms, because the precise correlations 
among air changes per hour, air velocity, and microbial control have not been satisfactorily established experimentally.

Manufacturers should maintain a predominantly unidirectional flow of air (either vertical or horizontal) in a staffed Class 5
clean room environment, particularly when products, product containers, and closures are exposed. In the evaluation of air 
movement within a clean room, studying airflow visually by smoke studies or other suitable means is probably more useful than 
using absolute measures of airflow velocity and change rates. Risk assessment models are another useful way of reducing 
contamination risk and should be considered.

Air velocity and change rates are far less important in isolators or closed RABS than in clean rooms because personnel are 
more carefully separated from the product, product containers, and closures. Air velocities substantially lower than those used 
in human-scale clean rooms have proved adequate in isolator systems and may be appropriate in RABS as well. In zones within 
isolators where particulate matter poses a hazard to product quality, predominantly vertical or horizontal unidirectional airflow 
can be maintained. Experience has shown that well-controlled mixing or turbulent airflow is satisfactory for many aseptic 
processes and for sterility testing within isolators (see Sterility Testing—Validation of Isolator Systems (1208)).

2
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IMPORTANCE OF A MICROBIOLOGICAL EVALUATION PROGRAM FOR CONTROLLED 
ENVIRONMENTS

Monitoring of total particulate count in controlled environments, even with the use of electronic instrumentation on a
continuous basis, does not provide information on the microbiological content of the environment. The basic limitation of 
particulate counters is that they measure particles of 0.5 µm or larger. While airborne microorganisms are not free-floating or 
single cells, they frequently associate with particles of 10–20 µm. Particulate counts as well as microbial counts within controlled 
environments vary with the sampling location and the activities being conducted during sampling. Monitoring the environment 
for nonviable particulates and microorganisms is an important control function because they both are important in achieving 
product compendial requirements for Foreign and Particulate Matter and Sterility in Injections and Implanted Drug Products (1).

Total particulate monitoring may provide a better means of evaluating the overall quality of the environment in isolators and 
closed RABS than in most conventional clean rooms. The superior exclusion of human-borne contamination provided by an 
isolator results in an increased proportion of nonviable particulates. Total particulate counting in an isolator is likely to provide 
an immediate indicator of changes in contamination level. Microbial monitoring programs should assess the effectiveness of 
cleaning and sanitization practices by and of personnel who could have an impact on the bioburden. Because isolators are 
typically decontaminated using an automatic vapor or gas generation system, microbial monitoring is much less important in 
establishing their efficiency in eliminating bioburden. These automatic decontamination systems are validated directly, using 
an appropriate biological indicator challenge, and are controlled to defined exposure parameters during routine use to ensure 
consistent decontamination.

Microbial monitoring cannot and need not identify and quantify all microbial contaminants in these controlled environments. 
Microbiological monitoring of a clean room is technically a semiquantitative exercise, because a truly quantitative evaluation
of the environment is not possible, given the limitations in sampling equipment. Both the lack of precision of enumeration 
methods and the restricted sample volumes that can be effectively analyzed suggest that environmental monitoring is incapable 
of providing direct quantitative information about sterility assurance. Analysts should remember that no microbiological 
sampling plan can prove the absence of microbial contamination, even when no viable contamination is recovered. The absence 
of growth on a microbiological sample means only that growth was not discovered; it does not mean that the environment is 
free of contamination.

Routine microbial monitoring should provide sufficient information to demonstrate that the aseptic processing environment
is operating in an adequate state of control. The real value of a microbiological monitoring program lies in its ability to confirm
consistent, high-quality environmental conditions at all times. Monitoring programs can detect changes in the contamination
recovery rate that may be indicative of changes in the state of control within the environment.

Environmental microbial monitoring and analysis of data by qualified personnel can assist in ensuring that a suitable state of 
control is maintained. The environment should be sampled during normal operations to allow the collection of meaningful, 
process-related data. Microbial sampling should occur when materials are in the area, processing activities are ongoing, and a
full complement of personnel is working within the aseptic processing environment.

Microbial monitoring of manufacturing clean rooms, RABS, and isolators should include compressed gases, surfaces, room 
or enclosure air, and any other materials and equipment that might produce a risk of contamination. The analysis of 
contamination trends in an aseptic environment has long been a component of the environmental control program. In aseptic 
processing environments and particularly in ISO Class 5 environments, contamination is infrequently observed. In isolator 
enclosures, contamination is rarer still because of superior exclusion of human-borne contamination. Because of the criticality 
of these environments, even minor changes in the contamination incident rates may be significant, and manufacturers should 
frequently and carefully review monitoring data. In less critical environments, microbial contamination may be higher, but 
changes in recovery rates should be noted, investigated, and corrected. Isolated recoveries of microorganisms should be 
considered a normal phenomenon in conventional clean rooms, and these incidents generally do not require specific corrective 
action, because it is almost certain that investigations will fail to yield a scientifically verifiable cause. Because sampling itself 
requires an aseptic intervention in conventional clean rooms, any single uncorrelated contamination event could be a false 
positive.

When contamination recovery rates increase from an established norm, process and operational investigation should take 
place. Investigations will differ depending on the type and processing of the product manufactured in the clean room, RABS, 
or isolator. Investigation should include a review of area maintenance documentation; sanitization/decontamination 
documentation; the occurrence of nonroutine events; the inherent physical or operational parameters, such as changes in 
environmental temperature and relative humidity; and the training status of personnel.

In closed RABS and isolator systems, the loss of glove integrity or the accidental introduction of material that has not been 
decontaminated are among the most probable causes of detectable microbial contamination. Following the investigation, 
actions should be taken to correct or eliminate the most probable causes of contamination. Because of the relative rarity of 
contamination events in modern facilities, the investigation often proves inconclusive. When corrective actions are undertaken, 
they may include reinforcement of personnel training to emphasize acceptable gowning and aseptic techniques and microbial 
control of the environment. Some additional microbiological sampling at an increased frequency may be implemented, but 
this may not be appropriate during aseptic processing because intrusive or overly intensive sampling may entail an increased 
contamination risk. When additional monitoring is desirable, it may be more appropriate during process simulation studies. 
Other measures that can be considered to better control microbial contamination include additional sanitization, use of different 
sanitizing agents, and identification of the microbial contaminant and its possible source.

In any aseptic environment, conventional or advanced, the investigation and the rationale for the course of action chosen 
as a result of the investigation must be carefully and comprehensively documented.
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TRAINING OF PERSONNEL

Good personnel performance plays an essential role in the control of contamination, proper training and supervision are 
central to contamination control. Aseptic processing is the most critical activity conducted in microbiological controlled 
environments, and manufacturers must pay close attention to details in all aspects of this endeavor. Rigorous discipline and 
strict supervision of personnel are essential in order to ensure a level of environmental quality appropriate for aseptic 
processing.

Training of all personnel working in controlled environments is critical. This training is equally important for personnel 
responsible for the microbial monitoring program, because contamination of the clean working area could inadvertently occur during 
microbial sampling. In highly automated operations, monitoring personnel may be the employees who have the most direct 
contact with the critical surfaces and zones within the processing area. Microbiological sampling has the potential to 
contribute to microbial contamination caused by inappropriate sampling techniques or by placing personnel in or near the 
critical zone. A formal training program is required to minimize this risk. This training should be documented for all personnel 
who enter controlled environments. Interventions should always be minimized, including those required for monitoring 
activities; but when interventions cannot be avoided, they must be conducted with aseptic technique that approaches perfection 
as closely as possible.

Management of the facility must ensure that personnel involved in operations in clean rooms and advanced aseptic 
processing environments are well versed in relevant microbiological principles. The training should include instruction about the 
basic principles of aseptic technique and should emphasize the relationship of manufacturing and handling procedures to potential 
sources of product contamination. Those supervising, auditing, or inspecting microbiological control and monitoring activities should be 
knowledgeable about the basic principles of microbiology, microbial physiology, disinfection and sanitation, media selection 
and preparation, taxonomy, and sterilization. The staff responsible for supervision and testing should have academic training 
in medical or environmental microbiology. Sampling personnel as well as individuals working in clean rooms should be 
knowledgeable about their responsibilities in minimizing the release of microbial contamination. Personnel involved in 
microbial identification require specialized training about required laboratory methods. Additional training about the 
management of collected data must be provided. Knowledge and understanding of applicable standard operating procedures 
are critical, especially those procedures relating to corrective measures taken when environmental conditions require.
Understanding of contamination control principles and each individual’s responsibilities with respect to good manufacturing 
practices (GMPs) should be an integral part of the training program, along with training in conducting investigations and in 
analyzing data.

The only significant sources of microbial contamination in aseptic environments are the personnel. Because operators disperse 
contamination and because the ultimate objective in aseptic processing is to reduce end-user risk, only healthy individuals 
should be permitted access to controlled environments. Individuals who are ill must not be allowed to enter an aseptic 
processing environment, even one that employs advanced aseptic technologies such as isolators, blow/fill/seal, or closed RABS.

The importance of good personal hygiene and a careful attention to detail in aseptic gowning cannot be overemphasized. 
Gowning requirements differ depending on the use of the controlled environment and the specifics of the gowning system 
itself. Aseptic processing environments require the use of sterilized gowns with the best available filtration properties. The fullest 
possible skin coverage is desirable, and sleeve covers or tape should be considered to minimize leaks at the critical glove–sleeve 
junction. Exposed skin should never be visible in conventional clean rooms under any conditions. The personnel and gowning 
considerations for RABS are essentially identical to those for conventional clean rooms.

Once employees are properly gowned, they must be careful to maintain the integrity of their gloves, masks, and other 
gown materials at all times. Operators who work with isolator systems are not required to wear sterilized clean-room gowns, but 
inadequate aseptic technique and employee-borne contamination are the principal hazards to safe aseptic operations in

4

PHYSICAL EVALUATION OF CONTAMINATION CONTROL EFFECTIVENESS

Clean environments should be certified as described in ISO 14644 series in order to meet their design classification 
requirements. The design, construction, and operation of clean rooms vary greatly, so it is difficult to generalize requirements 
for parameters such as filter integrity, air velocity, air patterns, air changes, and pressure differential. In particularly critical 
applications such as aseptic processing, a structured approach to physical risk assessment may be appropriate.

One such method has been developed by Ljundqvist and Reinmüller. This method, known as the L-R method, challenges 
the air ventilation system by evaluating both airflow and the ability of an environment to dilute and remove airborne particles. 
In the L-R method, a smoke generator allows analysts to visualize the air movements throughout a clean room or a controlled 
environment, including vortices or turbulent zones, and the airflow pattern can be fine-tuned to minimize these undesirable 
effects. Following visual optimization of airflow, particulate matter is generated close to the critical zone and sterile field. This 
evaluation is done under simulated production conditions but with equipment and personnel in place. This type of test can 
also be used to evaluate the ability of RABS and isolator systems, particularly around product exit ports in these systems, to 
resist the effects of contamination.

Visual evaluation of air movement within clean rooms is a subjective process. Complete elimination of turbulence or vortices 
is not possible in operationing clean rooms that contain personnel and equipment. Air visualization is simply one step in the 
effort to optimize clean room operations and is not a definitive pass/fail test, because acceptable or unacceptable conditions 
are not readily definable.

Proper testing and optimization of the physical characteristics of the clean room, RABS, or isolator are essential before 
implementation of the microbiological monitoring program. Assurance that the clean room, RABS, or isolator is in compliance 
with its predetermined engineering specifications provides confidence that the ability of the facility systems and operating 
practices to control the bioburden and nonviable particulate matter are appropriate for the intended use. These tests should 
be repeated during routine certification of the clean room or advanced aseptic processing systems, and whenever significant 
changes are made to the operation, such as personnel flow, equipment operation, material flow, air-handling systems, or 
equipment layout.
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isolators, as well as RABS, and in conventional clean rooms. Glove-and-sleeve assemblies can develop leaks that can allow the 
mechanical transfer of microorganisms to the product. A second glove, worn either under or over the primary isolator/RABS 
glove, can provide an additional level of safety against glove leaks or can act as a hygienic measure. Also, operators must 
understand that aseptic technique is an absolute requirement for all manipulations performed with gloves within RABS and 
isolator systems.

The environmental monitoring program, by itself, cannot detect all events in aseptic processing that might compromise the 
microbiological quality of the environment. Therefore, periodic media-fill or process simulation studies are necessary, as is 
thorough ongoing supervision, to ensure that appropriate operating controls and training are effectively maintained.

CRITICAL FACTORS IN THE DESIGN AND IMPLEMENTATION OF A MICROBIOLOGICAL 
ENVIRONMENTAL MONITORING PROGRAM

Since the advent of comprehensive environmental monitoring programs, their applications in capturing adverse trends or 
drifts has been emphasized. In a modern aseptic processing environment—whether an isolator, RABS, or conventional clean 
room—contamination has become increasingly rare. Nevertheless, a monitoring program should be able to detect a change 
from the validated state of control in a facility and to provide information for implementing appropriate countermeasures. An 
environmental monitoring program should be tailored to specific facilities and conditions. It is also helpful to take a broad 
perspective in the interpretation of data. A single uncorrelated result on a given day may not be significant in the context of 
the technical limitations associated with aseptic sampling methods.

Selection of Growth Media

A general microbiological growth medium such as soybean–casein digest medium (SCDM) is suitable for environmental 
monitoring in most cases because it supports the growth of a wide range of bacteria, yeast, and molds. This medium can be 
supplemented with additives to overcome or to minimize the effects of sanitizing agents or of antibiotics. Manufacturers should 
consider the specific detection of yeasts and molds. If necessary, general mycological media such as Sabouraud’s, modified 
Sabouraud’s, or inhibitory mold agar can be used. In general, monitoring for strict anaerobes is not performed, because these 
organisms are unlikely to survive in ambient air. However, micro-aerophilic organisms may be observed in aseptic processing. 
Should anoxic conditions exist or if investigations warrant (e.g., identification of these organisms in sterility testing facilities or 
Sterility Tests (71) results), monitoring for micro-aerophiles and organisms that grow under low-oxygen conditions may be 
warranted. The ability of any media used in environmental monitoring, including those selected to recover specific types of 
organisms, must be evaluated for their ability to support growth, as indicated in (71).

Selection of Culture Conditions

Time and incubation temperatures are set once the appropriate media have been selected. Typically, for general 
microbiological growth media such as SCDM, incubation temperatures in the ranges of approximately 20°–35° have been used 
with an incubation time of not less than 72 hours. Longer incubation times may be considered when contaminants are known 
to be slow growing. The temperature ranges given above are by no means absolute. Mesophilic bacteria and mold common
to the typical facility environment are generally capable of growing over a wide range of temperatures. For many mesophilic 
organisms, recovery is possible over a range of approximately 20°. In the absence of confirmatory evidence, microbiologists 
may incubate a single plate at both a low and a higher temperature. Incubating at the lower temperature first may compromise 
the recovery of Gram-positive cocci that are important because they are often associated with humans.

Sterilization processes for preparing growth media should be validated. When selective media are used for monitoring, 
incubation conditions should reflect published technical requirements. Contamination should not be introduced into a
manufacturing clean room as a result of using contaminated sampling media or equipment. Of particular concern is the use of 
aseptically prepared sampling media. Wherever possible, sampling media and their wrappings should be terminally sterilized 
by moist heat, radiation, or other suitable means. If aseptically prepared media must be used, analysts must carry out 
preincubation and visual inspection of all sampling media before introduction into the clean room. The reader is referred to 
Microbiological Best Laboratory Practices (1117) for further information regarding microbiology laboratory operations and 
control.

ESTABLISHMENT OF SAMPLING PLAN AND SITES

During initial startup or commissioning of a clean room or other controlled environment, specific locations for air and surface 
sampling should be determined. Locations considered should include those in proximity of the exposed product, containers, 
closures, and product contact surfaces. In aseptic processing, the area in which containers, closures, and product are exposed 
to the environment is often called the critical zone—the critical zone is always ISO 5. For aseptic operations the entire critical 
zone should be treated as a sterile field. A nonsterile object, including the gloved hands of clean room personnel or an RABS/ 
isolator glove, should never be brought into contact with a sterile product, container closure, filling station, or conveying 
equipment before or during aseptic processing operations. Operators and environmental monitoring personnel should never 
touch sterile parts of conveyors, filling needles, parts hoppers, or any other equipment that is in the product-delivery pathway. 
This means that surface monitoring on these surfaces is best done at the end of production operations.

The frequency of sampling depends on the manufacturing process conducted within an environment. Classified 
environments that are used only to provide a lower overall level of bioburden in nonsterile product manufacturing areas require 
relatively infrequent environmental monitoring. Classified environments in which closed manufacturing operations are
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Table 2. Suggested Frequency of Sampling for Aseptic Processing Areasa

Frequency of SamplingSamplingArea/Location

Clean Room/RABS

Critical zone (ISO5 or better)

Each operational shiftActive air sampling

At the end of the operationSurface monitoring

Aseptic area adjacent critical zone

Each operating shiftAll sampling

Other nonadjacent aseptic areas

Once per dayAll sampling

Isolators

Critical zone (ISO5 or better)

Once per dayActive air sampling

At the end of the campaignSurface monitoring

Nonaseptic areas surrounding the isolator

Once per monthAll sampling

6

conducted, including fermentation, sterile API processing, and chemical processes, require fewer monitoring sites and less 
frequent monitoring because the risk of microbial contamination from the surrounding environment is comparatively low. 
Microbiological monitoring of environments in which products are filled before terminal sterilization is generally less critical 
than the monitoring of aseptic processing areas. The amount of monitoring required in filling operations for terminal sterilization 
depends on the susceptibility of the product survival and the potential for proliferation of microbial contamination. The 
identification and estimated number of microorganisms that are resistant to the subsequent sterilization may be more critical 
than the microbiological monitoring of the surrounding manufacturing environments.

It is not possible to recommend microbial control levels for each type of manufacturing environment. The levels established 
for one ISO Class 7 environment, for example, may be inappropriate for another ISO Class 7 environment, depending on the 
production activities undertaken in each. The user should conduct a prospective risk analysis and develop a rationale for the 
sampling locations and frequencies for each controlled environment. The classification of a clean room helps establish control 
levels, but that does not imply that all rooms of the same classification should have the same control levels and the same 
frequency of monitoring. Monitoring should reflect the microbiological control requirements of manufacturing or processing 
activities. Formal risk assessment techniques can result in a scientifically valid contamination control program.

Table 2 suggests frequencies of sampling in decreasing order of frequency and in relation to the criticality or product risk of 
the area being sampled. This table distinguishes between aseptic processing where personnel are aseptically gowned and those 
where a lesser gowning is appropriate. Environmental monitoring sampling plans should be flexible with respect to monitoring 
frequencies, and sample plan locations should be adjusted on the basis of the observed rate of contamination and ongoing risk 
analysis. On the basis of long-term observations, manufacturers may increase or decrease sampling at a given location or 
eliminate a sampling location altogether. Oversampling can be as deleterious to contamination control as undersampling, and 
careful consideration of risk and reduction of contamination sources can guide the sampling intensity.

a All operators are aseptically gowned in these environments (with the exception of background environments for isolators). These recommendations do not apply
to production areas for nonsterile products or other classified environmentsin which fully aseptic gowns are not donned.

SELECTION OF SAMPLE SITES WITHIN CLEAN ROOMS AND ASEPTIC PROCESSING AREAS

ISO 14644 suggests a grid approach for the total particulate air classification of clean rooms. This approach is appropriate 
for certifying the total particulate air quality performance against its design objective. Grids may also have value in analyzing 
risk from microbial contamination, although in general, grids that have no personnel activity are likely to have low risk of 
contamination. Microbial contamination is strongly associated with personnel, so microbiological monitoring of unstaffed 
environments is of limited value.

Microbiological sampling sites are best selected with consideration of human activity during manufacturing operations.
Careful observation and mapping of the clean room during the qualification phase can provide useful information concerning
the movement and positioning of personnel. Such observation can also yield important information about the most frequently
conducted manipulations and interventions.

The location and movement of personnel within the clean room correlate with contamination risk to the environment and 
to the processes conducted within that environment. Sample sites should be selected so that they evaluate the impact of 
personnel movement and work within the area, particularly interventions and manipulations within the critical zone.

The most likely route of contamination is airborne, so the samples most critical to risk assessment are those that relate to 
airborne contamination near exposed sterile materials. Other areas of concern are entry points where equipment and materials 
move from areas of lower classification to those of higher classification. Areas within and around doors and airlocks should be 
included in the monitoring scheme. It is customary to sample walls and floors, and indeed sampling at these locations can 
provide information about the effectiveness of the sanitization program. Sampling at these locations can take place relatively
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infrequently, because contamination there is unlikely to affect product. Operators should never touch floors and walls, so
mechanical transmission of contamination from these surfaces to critical areas where product is exposed should not occur.

Manufacturers typically monitor surfaces within the critical zone, although this should be done only at the end of operations.
Residues of media or diluent from wet swabs should be avoided on surfaces, because they could lead to microbial proli feration.
Also, cleaning surfaces to remove diluent or media requires personnel intervention and movements that can result in release of
microbial contamination into the critical zone and can disrupt airflow.

MICROBIOLOGICAL CONTROL PARAMETERS IN CLEAN ROOMS, ISOLATORS, AND RABS

Since the early 1980s, manufacturers have established alert and action levels for environmental monitoring. In recent years the 
numerical difference between alert and action levels has become quite small, especially in ISO 5 environments. Growth and 
recovery in microbiological assays have normal variability in the range of ±0.5 log10. Studies on active microbiological air 
samplers indicate that variability of as high as tenfold is possible among commonly used sampling devices. As a result of this 
inherent variability and indeterminate sampling error, the supposed differences between, for example, an alert level of 1 cfu 
and an action level of 3 cfu are not analytically significant. Treating differences that are within expected, and therefore, 
normal ranges as numerically different is not scientifically valid and can result in unwarranted activities. In a practical sense, 
numerical values that vary by as much as five- to tenfold may not be significantly different.

Because of the limited accuracy and precision of microbial growth and recovery assays, analysts can consider the frequency with which 
contamination is detected rather than absolute numbers of cfu detected in any single sample. Also, a cfu is not a direct 
enumeration of microorganisms present but rather is a measure of contamination that may have originated from a clump of 
organisms.

Mean contamination recovery rates should be determined for each clean room environment, and changes in contamination 
recovery rate at a given site or within a given room may indicate the need for corrective action. Within the ISO 5 critical zone, 
airborne and surface contamination recovery rates of 1% or less should be attainable with current methods. Contamination 
recovery rates for closed RABS and isolator systems should be significantly lower still and can be expected to be <0.1%, on the 
basis of published monitoring results.

Contamination observed at multiple sites in an environment within a single sampling period may indicate increased risk to 
product and should be carefully evaluated. The appearance of contamination nearly simultaneously at multiple sites could 
also arise from poor sampling technique, so careful review is in order before drawing conclusions about potential loss of control. 
Resampling an environment several days after contamination is of little value, because the conditions during one sampling occasion 
may not be accurately duplicated during another.

Surface samples may also be taken from clean room garments. Personnel sampling should be emphasized during validation and is 
best done at the completion of production work in order to avoid adventitious contamination of the garments. In this case the 
average should be <1% for these sample sites as well. Gloves on closed RABS and isolators should meet the more rigorous 
expectation of <0.1% contamination recovery rates.

Because of the inherent variability of microbial sampling methods, contamination recovery rates are a more useful measure of trending 
results than is focusing on the number of colonies recovered from a given sample. Table 3 provides recommended contamination 
recovery rates for aseptic processing environments. The incident rate is the rate at which environmental samples are found to 
contain microbial contamination. For example, an incident rate of 1% would mean that only 1% of the samples taken have 
any contamination regardless of colony number. In other words, 99% of the samples taken are completely free of contamination. 
Contamination recovery rates that are higher than those recommended in Table 3 may be acceptable in rooms of similar 
classification that are used for lower-risk activities. Action should be required when the contamination recovery rate trends above 
these recommendations for a significant time.

Table 3. Suggested Initial Contamination Recovery Rates in Aseptic Environmentsa

Glove or Garment
(%)

Contact Plate or

Swab

(%)

Settle Plate (9 cm) 4 h

Ex- posure

(%)

Active Air Sample (%)

Room
Classificati
on

<0.1<0.1<0.1<0.1Isolator/Closed RABS (ISO5
or better)

<1<1<1<1ISO 5

<3<3<3<3ISO 6

<5<5<5<5ISO 7

<10<10<10<10ISO 8
a All operatorsare aseptically gowned in these environments(with the exception of background environments for isolators). These recommendationsdo not apply
to production areas for nonsterile products or other classified environments in which fully aseptic gowns are not donned.

Detection frequency should be based on actual monitoring data and should be retabulated monthly. Action levels should 
be based on empirical process capability. If detection frequencies exceed the recommendations in Table 3 or are greater than 
established process capability, then corrective actions should be taken. Corrective actions may include but are not limited to 
the following:

• Revision of the sanitization program, including selection of antimicrobial agents, application methods, and frequencies
• Increased surveillance of personnel practices, possibly including written critiques of aseptic methods and techniques
• Review of microbiological sampling methods and techniques
When higher-than-typical recovery levels for glove and garment contamination are observed, additional training for gowning 

practices may be indicated.
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SIGNIFICANT EXCURSIONS

Excursions beyond approximately 15 cfu recovered from a single ISO 5 sample, whether from airborne, surface, or personnel sources, 
should happen very infrequently. When such ISO 5 excursions do occur, they may be indicative of a significant loss of control 
when they occur within the ISO 5 critical zone in close proximity to product and components. Thus, any ISO 5 excursion
>15 cfu should prompt a careful and thorough investigation.

A key consideration for an abnormally high number of recovered colonies is whether this incident is isolated or can be 
correlated with other recoveries. Microbiologists should review recovery rates for at least two weeks before the incident of 
abnormally high recovery so that they can be aware of other recoveries that might indicate an unusual pattern. 
Microbiologists should carefully consider all recoveries, including those that are in the more typical range of 1–5 cfu. The identity 
of the organisms recovered is an important factor in the conduct of this investigation.

In the case of an isolated single excursion, establishing a definitive cause probably will not be possible, and only general 
corrective measures can be considered. It is never wise to suggest a root cause for which there is no solid scientific 
evidence. Also, there should be an awareness of the variability of microbial analysis. Realistically, there is no scientific reason 
to treat a recovery of 25 cfu as statistically different from a recovery of 15 cfu. A value of 15 cfu should not be considered 
significant in terms of process control, because realistically there is no difference between a recovery of 14 cfu and one of 
15 cfu.
Microbiologists should use practical scientific judgment in their approach to excursions.

FURTHER CONSIDERATIONS ABOUT DATA INTERPRETATION

In the high-quality environments required for aseptic processing, detection frequency typically is low. As can be seen from 
the rates recommended in Table 3, the majority of samples taken in an aseptic processing area will yield a recovery of zero 
contamination. In the most critical areas within an aseptic processing operation, it is expected that less than 1% of the 
samples will yield any recoverable contamination. In the most advanced of modern aseptic operations that use separative 
technologies such as isolators or closed RABS, the recovery rate will approach zero at all times.

The microbiologist responsible for environmental control or sterility assurance should not take this to mean that the 
environmental quality approaches sterility. The sensitivity of any microbial sampling system in absolute terms is not known. 
In environmental monitoring, a result of zero means only that the result is below the limit of detection of the analytical system. A false 
sense of security should not be derived from the infrequency of contamination recovery in aseptic processing.

Sterility assurance is best accomplished by a focus on human-borne contamination and the facility design features that 
best mitigate risk from this contamination. Greatest risk mitigation can be attained by reducing or eliminating human interventions 
through proper equipment design and by providing sufficient air exchanges per hour for the intended personnel population of 
the facility. Other risk mitigation factors include effective personnel and material movement and the proper control of 
temperature and humidity. Secondary factors for risk mitigation include cleaning and sanitization. Risk analysis models that 
analyze processes prospectively to reduce human-borne contamination risk by minimizing operator interventions are more powerful 
tools for sterility assurance than monitoring. Environmental monitoring cannot prove or disprove in absolute terms the sterility 
of a lot of product. Environmental monitoring can only assure those responsible for a process that a production system is in a 
consistent, validated state of control. Care should be taken to avoid drawing inappropriate conclusions from monitoring results.

SAMPLING AIRBORNE MICROORGANISMS

Among the most commonly used tools for monitoring aseptic environments are impaction and centrifugal samplers. A 
number of commercially available samplers are listed for informational purposes. The selection, appropriateness, and 
adequacy of using any particular sampler are the responsibility of the user.

Slit-to-Agar Air Sampler (STA)

The unit is powered by an attached source of controllable vacuum. The air intake is obtained through a standardized slit 
below which is placed a slowly revolving Petri dish that contains a nutrient agar. Airborne particles that have sufficient mass 
impact the agar surface, and viable organisms are allowed to grow. A remote air intake is often used to minimize disturbance 
of unidirectional airflow.

Sieve Impactor

This apparatus consists of a container designed to accommodate a Petri dish that contains a nutrient agar. The cover of the unit is 
perforated with openings of a predetermined size. A vacuum pump draws a known volume of air through the cover, and 
airborne particles that contain microorganisms impact the agar medium in the Petri dish. Some samplers feature a cascaded 
series of sieves that contain perforations of decreasing size. These units allow determination of the size range distribution of particulates 
that contain viable microorganisms based on the size of the perforations through which the particles landed on the agar 
plates.

Centrifugal Sampler

The unit consists of a propeller or turbine that pulls a known volume of air into the unit and then propels the air outward to impact 
on a tangentially placed nutrient agar strip set on a flexible plastic base.

8

Printed on: Wed Oct 04 2023, 09:20:50 PM(EST)

Printed by: Jessica Comstock

Status: Currently Official on 05-Oct-2023

Official Date: Official Prior to 2013

DOI Ref: b6e2i

DocId: GUID-B9A1739F-E171-4E11-A0C7-E43A318EA17F_1_en-US

Document Type: GENERAL CHAPTER @2023 USPC 

DOI: https://doi.org/10.31003/USPNF_M99835_01_01Do Not Distribute

SURFACE SAMPLING

Another component of the microbial-control program in controlled environments is surface sampling of equipment, 
facilities, and personnel. The standardization of surface sampling methods and procedures has not been as widely addressed in 
the pharmaceutical industry as has the standardization of air-sampling procedures. Surface sampling can be accomplished by the 
use of contact plates or by the swabbing method.

Contact plates filled with nutrient agar are used for sampling regular or flat surfaces and are directly incubated for the 
appropriate time and temperature for recovery of viable organisms. Specialized agar can be used for the recovery of 
organisms that have specific growth requirements. Microbial estimates are reported per contact plate.

The swabbing method can be used to supplement contact plates for sampling of irregular surfaces, especially irregular 
surfaces of equipment. The area that will be swabbed is defined with a sterile template of appropriate size. In general, it is in the range of 
24–30 cm2. After sample collection the swab is placed in an appropriate diluent or transport medium and is plated onto the 
desired nutrient agar. The microbial estimates are reported per swab of defined sampling area.

Surface monitoring is used as an environmental assessment tool in all types of classified environments. In ISO 5 environments for 
aseptic processing, surface monitoring is generally performed beside critical areas and surfaces. Component hoppers and feed 
chutes that contact sterile surfaces on closures and filling needles can be tested for microbial contamination. Often in 
conventional staffed clean rooms, these product contact surfaces are steam sterilized and aseptically assembled. The ability 
of operators to perform these aseptic manipulations are evaluated during process stimulations or media fills, although true validation 
of operator technique in this manner is not possible. Surface monitoring on surfaces that directly contact sterile parts or 
product should be done only after production operations are completed. Surface sampling is not a sterility test and should not 
be a criterion for the release or rejection of product. Because these samples must be taken aseptically by personnel, it is 
difficult to establish with certainty that any contamination recovered is product related.

CULTURE MEDIA AND DILUENTS

The type of medium, liquid or solid, used for sampling or plating microorganisms depends on the procedure and equipment used. Any 
medium used should be evaluated for suitability for the intended purpose. The most commonly used all-purpose solid 
microbiological growth medium is soybean–casein digest agar. As previously noted, this medium can be supplemented with 
chemicals that counteract the effect of various antimicrobials.

9

Sterilizable Microbiological Atrium

The unit is a variant of the single-stage sieve impactor. The unit’s cover contains uniformly spaced orifices approximately
0.25 inch in size. The base of the unit accommodates one Petri dish containing a nutrient agar. A vacuum pump controls the 
movement of air through the unit, and a multiple-unit control center as well as a remote sampling probe are available.

SurfaceAir System Sampler

This integrated unit consists of an entry section that accommodates an agar contact plate. Immediately behind the contac t
plate is a motor and turbine that pulls air through the unit ’s perforated cover over the agar contact plate and beyond the motor,
where it is exhausted. Multiple mounted assemblies are also available.

Gelatin Filter Sampler

The unit consists of a vacuum pump with an extension hose terminating in a filter holder that can be located remotely in 
the critical space. The filter consists of random fibers of gelatin capable of retaining airborne microorganisms. After a specified 
exposure time, the filter is aseptically removed and dissolved in an appropriate diluent and then plated on an appropriate agar 
medium to estimate its microbial content.

Settling Plates

This method is still widely used as a simple and inexpensive way to qualitatively assess the environments over prolonged 
exposure times. Published data indicate that settling plates, when exposed for 4- to 5-hour periods, can provide a limit of 
detection for a suitable evaluation of the aseptic environment. Settling plates may be particularly useful in critical areas where 
active sampling could be intrusive and a hazard to the aseptic operation.

One of the major drawbacks of mechanical air samplers is the limited sample size of air being tested. When the microbial 
level in the air of a controlled environment is expected to contain extremely low levels of contamination per unit volume, at 
least 1 cubic meter of air should be tested in order to maximize sensitivity. Typically, slit-to-agar devices have an 80-L/min 
sampling capacity (the capacity of the surface air system is somewhat higher). If 1 cubic meter of air were tested, then it would 
require an exposure time of 15 min. It may be necessary to use sampling times in excess of 15 min to obtain a representative 
environmental sample. Although some samplers are reported to have high sampling volumes, consideration should be given 
to the potential for disruption of the airflow patterns in any critical area and to the creation of turbulence.

Technicians may wish to use remote sampling systems in order to minimize potential risks resulting from intervention by 
environmental samplers in critical zones. Regardless of the type of sampler used, analysts must determine that the extra tubing 
needed for a remote probe does not reduce the method’s sensitivity to such an extent that detection of low levels of 
contamination becomes unlikely or even impossible.
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IDENTIFICATION OF MICROBIAL ISOLATES

A successful environmental control program includes an appropriate level of identification of the flora obtained by sampling. A
knowledge of the flora in controlled environments aids in determining the usual microbial flora anticipated for the facility and 
in evaluating the effectiveness of the cleaning and sanitization procedures, methods, agents, and recovery methods. The 
information gathered by an identification program can be useful in the investigation of the source of contamination, especially 
when recommended detection frequencies are exceeded.

Identification of isolates from critical and immediately adjacent areas should take precedence over identification of 
microorganisms from noncritical areas. Identification methods should be verified, and ready-to-use kits should be qualified for 
their intended purpose.

CONCLUSION

Environmental monitoring is one of several key elements required in order to ensure that an aseptic processing area is 
maintained in an adequate level of control. Monitoring is a qualitative exercise, and even in the most critical applications such 
as aseptic processing, conclusions regarding lot acceptability should not be made on the basis of environmental sampling results 
alone. Environments that are essentially free of human operators generally have low initial contamination rates and maintain 
low levels of microbial contamination. Human-scale clean rooms present a very different picture. Studies conclusively show that 
operators, even when carefully and correctly gowned, continuously slough microorganisms into the environment. Therefore,
it is unreasonable to assume that samples producing no colonies, even in the critical zone or on critical surfaces, will always be 
observed. Periodic excursions are a fact of life in human-scale clean rooms, but the contamination recovery rate, particularly in 
ISO 5 environments used for aseptic processing, should be consistently low.

Clean-room operators, particularly those engaged in aseptic processing, must strive to maintain suitable environmental 
quality and must work toward continuous improvement of personnel operations and environmental control. In general, fewer 
personnel involved in aseptic processing and monitoring, along with reduction in interventions, reduces risk from microbial 
contamination.

GLOSSARY
Airborne Particulate Count (also referred to as Total Particulate Count): The total number of particles of a given 

size per unit volume of air.
Airborne Viable Particulate Count (also referred to as Total Airborne Aerobic Microbial Count): The recovered 

number of colony-forming units (cfu) per unit volume of air.
Air Changes: The frequency per unit of time (minutes, hours, etc.) that the air within a controlled environment is replaced.

The air can be recirculated partially or totally replaced.
Air Sampler: Devices or equipment used to sample a measured amount of air in a specified time to quantitate the 

particulate or microbiological status of air in the controlled environment.
Aseptic: Technically, the absence of microorganisms, but in aseptic processing this refers to methods and operations that 

minimize microbial contamination in environments where sterilized product and components are filled and/or assembled.
Aseptic Processing: An operation in which the product is assembled or filled into its primary package in an ISO 5 or better

environment and under conditions that minimize the risk of microbial contamination. The ultimate goal is to produce products
that are as free as possible of microbial contamination.

Barrier System: Physical barriers installed within an aseptic processing room to provide partial separation between 
aseptically gowned personnel and critical areas subject to considerable contamination risk. Personnel access to the critical zone 
is largely unrestricted. It is subject to a high level disinfection.

Bioburden: Total number and identity of the predominant microorganisms detected in or on an article.
Clean Room: A room in which the concentration of airborne particles is controlled to meet a specified airborne particulate 

cleanliness Class. In addition, the concentration of microorganisms in the environment is monitored; each cleanliness Class 
defined is also assigned a microbial level for air, surface, and personnel gear.

Commissioning of a Controlled Environment: Certification by engineering and quality control that the environment 
has been built according to the specifications of the desired cleanliness Class and that, under conditions likely to be encountered 
under normal operating conditions (or worst-case conditions), it is capable of delivering an aseptic process. Commissioning 
includes media-fill runs and results of the environmental monitoring program.

Contamination Recovery Rate: The contamination recovery rate is the rate at which environmental samples are found 
to contain any level of contamination. For example, an incident rate of 1% would mean that only 1% of the samples taken 
have any contamination regardless of colony number.

Controlled Environment: Any area in an aseptic process system for which airborne particulate and microorganism levels 
are controlled to specific levels, appropriate to the activities conducted within that environment.

Corrective Action: Actions to be performed that are according to standard operating procedures and that are triggered 
when certain conditions are exceeded.

Critical Zone: Typically the entire area where product and the containers and closures are exposed in aseptic processing.
Detection Frequency: The frequency with which contamination is observed in an environment. Typically expressed as a

percentage of samples in which contamination is observed per unit of time.
Environmental Isolates: Microorganisms that have been isolated from the environmental monitoring program.
Environmental Monitoring Program: Documented program implemented via standard operating procedures that 

describes in detail the methods and acceptance criteria for monitoring particulates and microorganisms in controlled 
environments (air, surface, personnel gear). The program includes sampling sites, frequency of sampling, and investigative and 
corrective actions.
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Equipment Layout: Graphical representation of an aseptic processing system that denotes the relationship between and
among equipment and personnel. This layout is used in the Risk Assessment Analysis to determine sampling site and frequency
of sampling based on potential for microbiological contamination of the product/container/closure system. Changes must be
assessed by responsible managers, since unauthorized changes in the layout for equipment or personnel stations could result
in increase in the potential for contamination of the product/container/closure system.

Isolator for Aseptic Processing: An aseptic isolator is an enclosure that is over-pressurized with HEPA filtered air and is 
decontaminated using an automated system. When operated as a closed system, it uses only decontaminated interfaces or 
rapid transfer ports (RTPs) for materials transfer. After decontamination they can be operated in an open manner with the 
ingress and/or egress of materials through defined openings that have been designed and validated to preclude the transfer of 
contamination. It can be used for aseptic processing activities or for asepsis and containment simultaneously.

Ma teria l  Flow: The flow of material and personnel entering controlled environments should follow a specified and 
documented pathway that has been chosen to reduce or minimize the potential for microbial contamination of the product/ 
closure/container systems. Deviation from the prescribed flow could result in increase in the potential for microbial 
contamination. Material/personnel flow can be changed, but the consequences of the changes from a microbiological point 
of view should be assessedby responsible managers and must be authorized and documented.

Me dia  Fill: Microbiological simulation of an aseptic process by the use of growth media processed in a manner similar to
the processing of the product and with the same container/closure system being used.

Me dia Grow th Promotion: Procedure that references Growth Promotion Test of Aerobes, Anerobes, and Fungi in Sterility 
Tests (71) to demonstrate that media used in the microbiological environmental monitoring program, or in media-fill runs, are 
capable of supporting growth of indicator microorganisms and of environmental isolates from samples obtained through the 
monitoring program or their corresponding ATCC strains.

Product Contact Areas: Areas and surfaces in a controlled environment that are in direct contact with either products, 
containers, or closures and the microbiological status of which can result in potential microbial contamination of the product/ 
container/closure system.

Restricted Access Barrier System (RABS): An enclosure that relies on HEPA filtered air over-spill to maintain separation 
between aseptically gowned personnel and the operating environment. It is subject to a high level of disinfection prior to use 
in aseptic process. It uses decontaminated (where necessary) interfaces or RTPs for materials transfer. It allows for the ingress 
and/or egress of materials through defined openings that have been designed and validated to preclude the transfer of 
contamination. If opened subsequent to decontamination, its performance capability is adversely impacted.

Risk Assessment Analysis: Analysis of the identification of contamination potentials in controlled environments that 
establish priorities in terms of severity and frequency and that will develop methods and procedures that will eliminate, reduce, 
minimize, or mitigate their potential for microbial contamination of the product/container/closure system.

Sampling Plan: A documented plan that describes the procedures and methods for sampling a controlled environment;
identifies the sampling sites, the sampling frequency, and number of samples; and describes the method of analysis and how
to interpret the results.

Sampling Sites: Documented geographical location, within a control led environment, where sampling for microbiological
evaluation is taken. In general, sampling sites are selected because of their potential for product/container–closure contacts.

Standa rd Opera ting Procedures: Written procedures describing operations, testing, sampling, interpretation of results,
and corrective actions that relate to the operations that are taking place in a controlled environment and auxiliary environments.
Deviations from standard operating procedures should be noted and approved by responsible managers.

Sterile or Aseptic Field: In aseptic processing or in other controlled environments, it is the space at the level of or above
open product containers, closures, or product itself, where the potential for microbial contamination is highest.

Sterility: Within the strictest definition of sterility, an article is deemed sterile when there is complete absence of viable 
microorganisms. Viable, for organisms, is defined as having the capacity to reproduce. Absolute sterility cannot be practically 
demonstrated because it is technically unfeasible to prove a negative absolute. Also, absolute sterility cannot be practically 
demonstrated without testing every article in a batch. Sterility is defined in probabilistic terms, where the likelihood of a
contaminated article is acceptably remote.

Swabs for Microbiological Sampling: Devices used to remove microorganisms from irregular or regular surfaces for 
cultivation to identify the microbial population of the surface. A swab is generally composed of a stick with an absorbent tip 
that is moistened before sampling and is rubbed across aspecified area of the sample surface. The swab is then rinsed in a sterile 
solution to suspend the microorganisms, and the solution is transferred to growth medium for cultivation of the microbial 
population.

Trend Analysis: Data from a routine microbial environmental monitoring program that can be related to time, shift, facility, 
etc. This information is periodically evaluated to establish the status or pattern of that program to ascertain whether it is under 
adequate control. A trend analysis is used to facilitate decision-making for requalification of a controlled environment or for 
maintenance and sanitization schedules.
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