2) The correlation between the design of pharmaceutical water equipment and pharmaceutical
water quality

3) Control methods for pharmaceutical water equipment (including methods of sanitization,

sterilization, and disinfection)
4)  Test methods and control limits for pharmaceutical water

5) Characteristics of microorganisms in the facility and water system equipment (e.g.,

concentrations of residual chlorine, biofilms, endotoxins, resistance to sanitation)
6) Sampling procedures and related precautions

7) Validation, change control, and deviation control for pharmaceutical water equipment

A2.5 Maintenance of Pharmaceutical Water Equipment

A preventative maintenance program should be established for the preservation of
well-controlled water system operating conditions. The program should include, but not be
limited to, the following items:

1) Procedures for operating the water system

2) Programs for monitoring operating conditions and key water quality characteristics

3) A schedule of periodic sanitization
4) Preventative maintenance of each component of the system and calibration of instruments

5) Change control of mechanical systems and operating conditions

6) Procedures for temporary stoppage and resumption of the membrane filiration water

treatment system

A2.6 Change Control

When water system equipment is remodeled or expanded, or system operation procedures
are modified, the potential impact of these changes on the water system itself should be
evaluated. The necessity for system reevaluation should also be determined, and, if judged to be
necessary, reevaluation should be performed as required according to the validation protocols,
in a manner similar to that performed at the time of system installation. The procedure for the
control of these changes should be established as part of the validation of the maintenance

program.
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A2.7 Deviation Control

Procedures for the water system equipment to be taken when parameters exceed the alert or
action level should be established and implemented according to appropriate deviation control

SOPs. Deviation control should include, but not be limited to, the following items:
1) Reporting procedure
2) Resampling and retesting procedure

3) Handling procedures for deviated pharmaceutical water and for in-process or finished

products manufactured using such deviated pharmaceutical water
4)  Preventive measures
5) Corrective measures

6) Review of monitoring procedures and alert and action levels

A3. Biohazard Control

A3.1 Biosafety levels

Biosafety levels (BSL) should be established depending on the pathogenicity of
microorganisms used for the manufacture of individual biological drug products. Production
facility and equipment should be suitable for BSLs, which are classified as described below.
After inactivation or removal of the microorganisms, processes may be similar to those for
non-biological drug products. Facilities and equipment that meet higher BSL requirements, as
determined by appropriate procedures, can be considered to have met lower BSLs without

testing for them.

1) BSL1: The risk of potential exposure of the operator who handles microorganisms and
those in the surrounding environment to infectious agents is not evident or is minimal
(examples: attenuated measles virus, attenuated rubella virus, attenuated mumps virus,

attenuated chickenpox virus, and attenuated poliomyelitis virus, etc.).

2) BSL2: The risk of potential exposure of the operator who handles microorganisms and
those in the surrounding environment to infectious agents is moderate and low, respectively
(examples: Bordetella pertussis, Corynebacterium diphtheriae, Clostridium tetani, Vibrio

cholerae, influenza virus, Japanese encephalitis virus, etc.)

3) BSL3: The risk of potential exposure of the operator who handles microorganisms and
those in the surrounding environment to infectious agents is high and low, respectively

(examples: Bacillus anthracis, Yersinia pestis, new influenza virus, etc.)
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4) BSL4: The risk of potential exposure of both the operator who handles microorganisms
and those in the surrounding environment to infectious agents is high (in practice, this level

is never applied to medicinal product manufacturing facilities).

A3.2 Controlled Areas

Areas where handling of microorganisms are regulated depending on the BSLs for safety
purposes are called “controlled areas.” The entry and exit doors of controlled areas should be
designated as such with readily visible markings. Also, biohazard label(s) should be posted,
indicating the microbes to be handled, BSL, name of the person responsible for the controlled

area, emergency contact information, etc., as appropriate.

A3.3 General Requirements for BSL1 Facilities

1) There are no specific requirements for facilities and equipment applicable to BSL1
facilities.
2) Waste materials contaminated with microorganisms including carcasses (“waste materials”

include carcasses, hereafter) should be disposed of as described below.

Waste materials should be sterilized by appropriate means (e.g., chemical agents or heat)
and either transferred out of the BSL1 facility, or placed in a shatterproof and leakproof
container whose exterior is appropriately disinfected, and transferred out of the BSL1
facility. The waste material will then be incinerated. It is acceptable practice to contract out

incineration of the waste if the waste materials are sterilized beforehand.

A3.4 General Requirements for BSL2 Facilities

1) Any operations that may generate aerosolized microorganisms should be conducted in a
closed apparatus equipped with a HEPA filter, a Class IIA or higher safety cabinet (or
equivalent). In addition, air exhausted from such an apparatus or system should be cleaned

so as to completely eliminate aerosolized microorganisms.

2) If there is a risk of aerosolized microorganism generation in the BSL2 facility, exhaust air
should be cleaned using a HEPA filter before exhaustion.
3) Waste materials contaminated with microorganisms should be disposed of using one of the

procedures listed below. It is an acceptable practice to contract out incineration of the

waste if waste materials are sterilized beforehand.
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4)

5)

(A) Waste materials should be sterilized appropriately (e.g., chemical agents or heat),

transferred out of the BSL.2 facility, and incinerated.

(B) Waste materials should be placed in shatterproof and leakproof containers whose

exterior is appropriately disinfected, transferred out the BSL2 facility, and incinerated.

(C) Waste materials should be directly transferred from the BSL2 facility to either an
incinerator or to a sterilizer for subsequent incineration using an appropriately

managed closed system.

Waste fluids containing microorganisms, or those that come into direct contact with
microorganisms, should be disposed of after appropriate treatment with chemical agents or

heat sterilization in a tank, etc. placed inside or outside the controlled area.

Operation areas or rooms for handling smallpox pathogen, acute poliomyelitis pathogen,
spore-forming pathogens, or mycobacterium tuberculosis should be equipped with a
dedicated HVAC system. Suitable label(s) should be placed on individual apparatuses and
devices, and the use of this equipment should also be exclusive. An independent air

handling system as well as the air supply and exhaust port should be equipped with a
HEPA filter.

A3.5 General Requirements for BSL3 Facilities

1)

2)

3)

4)

5)

6)

Controlled arcas designated for the handling of microorganisms that require BSL3

containment should be structurally separated from other areas.

Restricted entry into the BSL3 facility should be imposed by posting notices indicating the
restrictions and by establishing the procedures for gaining admittance, etc. Additionally,

there should be suitable means of physical restriction installed, such as a security door.

The ceiling, walls, and floor of the controlled areas in the BSL3 facility should be
smooth-surfaced, crack-free, non-dust- or debris-shedding, and resistant to chemicals or

other types of disinfectants.

If a pressure difference is to be maintained against adjacent areas or rooms, the layout of
the BSL3 facility processing area or room should include an anteroom. The anteroom
should have airtight interlocking double door designed so that both doors cannot be open at

the same time.

Personnel movement and workflow lines should be unidirectional whenever feasible in

order to minimize cross-contamination.

Facilities and equipment in the BSL3 facility should be designed to prevent pathogens

from being transferred to other areas during culture or storage. Separately, effective
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7)

3)

9)

10)

11)

12)

13)

14)

15)
16)

17)
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disinfecting apparatuses or devices should be installed as countermeasures against potential

pathogen leaks.

Faucets in rest rooms and washing sinks, etc. should be automatic, elbow-handled, or pedal

operated in order to prevent cross-contamination.

Work areas in the BSL3 facility should have enough space to minimize the chance of

accidents occurring during processing.

The pressure difference of air between rooms where a pressure difference is set should be

monitored using a differential manometer.

The HVAC system should be designed to facilitate sterilization with formalin and other

gases.

If any operation carries a risk of generating aerosolized microorganisms, the operation
should be conducted in a safety cabinet (Class IIB or higher safety level) equipped with a
HEPA filter or other closed and contained systems of a Class IIB or higher safety level.
Additionally, the air from such cabinet or equipment shall be exhausted outside of the
facility after passing through a HEPA filter.

Air in the BSL3 facility should be filtered and exhausted through an independent HVAC
system equipped with a HEPA filter. Air should not be circulated within an area.

The BSL3 facility should be capable of physically containing microorganisms within the
conirolled area under any contingent circumstances, such as shut-down of the HVAC

system.

An emergency power supply should be available to maintain continuous operation of the

HVAC system in the event of a power failure.
The drain system should be mounted with a device to prevent backflow.

Waste fluids containing microorganisms or those that come into direct contact with
microorganisms should be sterilized by appropriate treatment with chemical agents or heat
and then be disposed of in a tank or other appropriate receptacle placed either inside or

outside the controlled area

Waste materials contaminated with microorganisms should be disposed of using one of the

following procedures:

(A) Waste materials should be treated by appropriate means of sterilization, e.g., chemical
agents or heat, transferred out the BSL3 facility, and incinerated within the

manufacturing facility.
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(B) Waste materials should be directly transferred (using an appropriately managed closed
system) to an incinerator outside of the BSL3 facility, and incinerated within the

manufacturing facility.

18) To prevent infection, operators should wear infectious pathogen-resistant protective gear to
prevent infection, and use proper gowning and degowning procedures. The gear must be of
a protection level suitable for the situation in which it is worn (e.g., a pressurized

protective garment).

A3.6 Emergency Safety Measures
The following emergency procedures should be established and documented in case of a
potential aerosolized microorganism leak, leak of culture media, fire, or natural disaster:
1) Emergency and first aid for injured personnel
2) Decontamination procedures

3) Emergency communication networks

A3.7 Personnel Training

Biosafety training programs should include the following topics:

1) Characteristics of microorganisms to be handled in the biologically controlled area (e.g.,
BSL, mode of infection)

2) Procedures for entry into and exit from the controlled area
3) Handling and operating procedures for equipment and devices in the controlled area
4)  Procedures for disposal of infectious waste materials

5) Emergency safety measures

A4, Chemical Hazard Control

A4.1 Chemical Hazard Levels

As drugs are pharmacologically active substances, it is critical to routinely control the

extent of exposure of personnel to drug components or prepared products during an 8-hour shift.

Example chemical hazard control levels are shown below.
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Exposure control level Level 1 Level 2 Level 3 Level 4 Level 5
. 1000 - 100 - Not
Allowable concentration (ug/m3) 5000 1000 1-100 <1 detected
Pharmacological | Daily allowance | 309 | 10_100 | 01-10 | <01 | <0.1
activity (mg/day)
500 -
> 2000 2000 50 - 500 5-50 <5
Oral (mg/kg) .
Low Low Somewhat . Highly
. . . . . ! Toxic .
Toxicity toxicity toxicity toxic toxic
<7
Intravenous > 100 7 -100 Highly
K . . )
(mg/kg) Low toxicity Toxic toxic
Carcinogenicity* - - - 2A, 2B 1
Other e . Slight to Moderate
Hypersensitivity Slight moderate Moderate t0 severe Severe
Necessity of
isolator/barrier None None Yes Yes Yes
system

* Carcinogenicity assessment by Japan Society of Occupational Health

There is a variety of equipment suitable for the containment of chemical hazards. It is

important to select the most suitable equipment understanding the characteristics of the drugs

(chemical hazards) to be handled and to establish appropriate levels of hazard control.

A4.2 Calculation of Allowable Exposure Limits
1) Daily allowance

The daily exposure allowance for chemical hazards can be calculated using the following

equation:
Estimated no effect value (ENEV) = LDs, x 0.0005*
(* 0.0005: Obtained empirically from a comprehensive toxicology database)
Daily allowance = ENEV/Safety factor x body weight (kg)
Safety factor: typically about 100
2) Daily respiratory intake

Theoretical daily respiratory intake can be calculated by using the equation shown below.

The daily intake should not exceed the daily allowance.
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Daily respiratory intake = Exhalation volume x respiratory frequency per minute x

working time (min) x chemical hazard concentration
Exhalation volume: Approximately 2 liters
Respiratory frequency (/min): Approximateiy 14 breaths

When an isolator is operated under positive pressure, the chemical hazard concentration

should be less than 0.0001 during normal operating conditions, assuming a typical isolator
leak rate of 0.5%/h.

A4.3 Facility Requirements for Protection Against Chemical Hazards

1) Facilities that handle Level 3 drug substances should be a closed-system (barrier- or

isolator-system) facility.
2) Facilities that handle Level 4 drug substances should be a fully closed-system facility.

3) Facilities that handle Level 5 drug substances should be closed-system facilities, where
manual operations and human intervention have been eliminated. Operations in a Level 5
facility should be performed by robotic manipulation and/or remote control. The closed
system should be maintained under negative pressure relative to the surrounding

environment.

4) A barrier system should be installed in rooms of a Class C cleanliness level or higher.

Airflow from inside the isolator should not be directed toward personnel.

5) Except for when Level 5 substances are being handled, the inside of the isolator system

may be maintained at a positive pressure.

6) The isolator system should be installed in Grade C or higher cleanliness level rooms if the

isolator pressure differential is maintained negative to the surrounding environment.

A4.4 General Requirements for Chemical Hazard Protection

1) Restriction of general entry into the manufacturing facility should be imposed by posting a
notice indicating the restriction and procedures for gaining admittance, etc. Additionally,

there shall be suitable means of physical restriction installed, such as a security door.

2) The ceiling, walls, and floor of the controlled areas in the Level 3 facility should be
smooth-surfaced, crack-free, non-dust- or debris-shedding, and resistant to damage from

chemicals or other types of disinfectants.

3) If pressure is to be maintained at a higher level than in adjacent areas or rooms, the layout

of the Level 3 facility processing area or room should include an anteroom. The anteroom
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4)

5)

6)

7)

8)

9)

10)

11)

should have airtight interlocking double door designed so that both doors cannot be open at

the same time.

Personnel movement and workflow lines should be unidirectional whenever feasible in

order to minimize cross-contamination.

Faucets in rest rooms and washing sinks, etc. should be automatic, elbow-handled, or pedal

operated in order to prevent cross-contamination.

Work areas in the facility should have enough space to minimize the chance of accidents

occurring during processing.

Air supply inlets and exhaust outlets as well as water drains should be equipped with

suitable hazard collection and/or inactivation units. The water drainage system should be

independent.

The HVAC system should be installed as an independent system.

Air inlet and outlet devices should be equipped with a HEPA filter, and air should not be
circulated within the facility.

An emergency power supply should be available to maintain continuous operation of the

HVAC system in the event of a power failure.

To prevent chemical exposure, operators should wear protective gear, and use proper
donning and doffing procedures. The gear must be of a protection level suitable for the

situation in which it is worn (e.g., a pressurized protective garment).

A4.5 Personnel Training

1

2)
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Chemical hazard training programs should include the following topics:

a) Toxicity of drug substances to be handled (acute and chronic toxicity)

b) Procedures for entry into and exit from the controlled area

¢) Handling and operating procedures for equipment and devices in the controlled area.
d) Procedure for disposal of active waste materials

¢) Emergency safety measures

Emergency training should include the following items:

a) Emergency and first aid care for injured personnel

b) Decontamination procedure

¢) Emergency communication networks
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A5. Tests and Inspections

A5.1 Endotoxins

A5.1.1. General Requirements

1)

2)

3)

4

5)

6)

A risk management system for the prevention of contamination with endotoxin should be
employed and implemented adequately for the quality control of raw materials, containers,
closures, pharmaceutical water, and equipment for the manufacture of parenteral drug
products. The level of control should also be dependent on either the administration route
of the parenteral drug product or the risk of contamination of ophthalmic solutions with

endotoxins.

Equipment and devices used for the manufacture of parenteral drug products should be
appropriately controlled to reduce bioburden and, as a result, reduce the endotoxin burden
associated with the products. In particular, all surfaces that could come into contact with
the intermediate products either before or after filtration sterilization should be carefully
monitored and supervised. Equipment and devices should be adequately designed for

easily disassembling, assembling, washing, sanitization, and sterilization.

Appropriate control tests should be performed on raw materials and pharmaceutical water
for the production of parenteral drug products. Control tests should be also performed for
raw materials of parenteral drug products by establishing control limits for the test results
even if the manufacturing process has endotoxin removal process such as membrane

filtration.

When purified water is used to wash the equipment, devices, containers, and closures
necessary for the manufacture of parenteral drug products, the final rinse water should be
of WFI (water-for-injection) quality produced by distillation or ultra filtration. Washing
should be performed repeatedly using a sufficient amount of water. The time from washing

until sterilization should be kept to the minimum in order to prevent microbial growth.

Endotoxin testing should conform to the Established Limits for Bacterial Endotoxins found
in the General Information Section of the latest version of the Japanese Pharmacopoeia.
The testing procedures shall specify the methodology of inhibition and enhancement tests,
determination of non-inhibitory concentrations of substrate determination of minimum

amount of substrate required, and maximum valid dilution.

When the limulus test is not valid for the detection of endotoxins or endotoxin-like

substances, pharmaceutical products should conform to the pyrogen test using a hare, as
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described in the General Tests, Processes, and Apparatuses Section of the Japanese

Pharmacopoeia.

A5.1.2. Validation

1) When endotoxin is removed by washing, heat treatment, membrane filtration, or adsorption,

2)

the endotoxin burden should be measured beforehand, and the post-treatment removal rate
should be validated to verify that residual endotoxin levels fall within specified control
limits. Endotoxin reduction should be validated using a challenge test under worst-case
conditions. The rate of reduction should be at least a 3-log reduction (99.9%). Procedures

for periodic revalidation of endotoxin removal should be also established.

Endotoxin test should be supported by appropriate method validation. Testing reagents and

other materials necessary for endotoxin testing should be appropriately controlled.

A5.2 Insoluble Particulate Matter

A5.2.1. General Requirements

D)

2)

3)

4)

5)
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Procedures for cleaning containers and closures of parenteral drug products should be
established, and insoluble particulate matter derived from the container and closure should

be quantitatively evaluated.

Procedures for cleaning the product contact surfaces of equipment for parenteral drug
manufacture in processes after filter sterilization should be established, and insoluble
particulate matter derived from the product contact surfaces of equipment should be

quantitatively evaluated.

Insoluble particulate matter contained in raw materials and pharmaceutical water to be used
for the manufacture of parenteral drug products should be quantitatively evaluated before
preparation of the drug solution as well as before and after filter sterilization of the

prepared drug solution.

The potential impact of volatile substances that could be adsorbed by freeze dried materials
during the freeze-drying process should be carefully evaluated when powder to be

reconstituted for injection is manufactured by the freeze-dry method.

The potential time-dependent and spontaneous formation of insoluble particulate matter

through an interaction between the drug solution and the container/closure system, or
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aggregation of protein and other high polymeric molecules should be carefully evaluated
and verified by long-term stability testing.

6) Parenteral drug products should be inspected for insoluble particulate matter according to
the Insoluble Particulate Matter Test for Injectables in the General Tests, Processes, and
Apparatuses Section of the Japanese Pharmacopoeia.

A5.2.3. Validation

The instruments used for the insoluble particulate matter test should be validated, and

procedures for routine monitoring and control as well as periodic calibration by the supplier

using standard particles should be established.

A5.3 Container Integrity

A5.3.1. General Requirements

1)

2)

3)

The integrity of the container seals of the sterile drug products should be assured by routine
monitoring and in process control or by inspecting 100% of the containers in order to
maintain sterility until the time of use. In order to perform this verification, suitably
designed stability tests should be conducted to assure the integrity of the container closure

system during product shelf life.

Test methods for assessing container integrity should be established for individual
container closure systems. Possible causes of breaches of integrity include cracks in the
container or the loosening of the cap over time caused by changing environmental
conditions including temperature variations during storage, vibrations or shocks during the
packaging process or handling, and variations in atmospheric pressure during air
transportation, etc. Even if integrity is ensured immediately after manufacture, appropriate
countermeasures, such as removal of such potential defects by inspection should be

established to minimize possible integrity breaches.

The degree of sensitivity for the container integrity tests should be specified.

A5.3.2. Validation

b

Validation should be performed to demonstrate the reliability of the container integrity

tests employed.
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2)

Container integrity should be validated by employing challenge tests where such factors
are incorporated as the expected temperature variations that would occur during storage,
the vibrations and shocks that would be incurred during packaging and transportation, and

variations in atmospheric pressure that would occur during air transportation, etc.

A5.4 Visual Inspection

A5.4.1. General Requirements

D

2)

3)

4)

5)
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When assurance of the sterility’ of drug products is found to be dependent on the
elimination of containers that exhibit observable integrity failures, the relationship between
container integrity and these visual characteristics should be appropriately defined.
Standard test procedures for visual inspection should then be established based on Japanese

Pharmacopoeia guidelines as listed below.

The criteria for visual inspection tests should be specified for each test according to JIS,
MIL (Military Standard), or other applicable standards. The limits for foreign matters
should be established based on the Foreign Insoluble Matter Test for Injectables in the

General Tests, Processes, and Apparatuses Section of the Japanese Pharmacopoeia.

When a reference standard is to be prepared and used for the interpretation of results of a
visual inspection, the quality of the samples should be evaluated and approved by the

quality control unit or other appropriate division.

Documentation concerning visual inspection (e.g., SOPs for visual inspection, training
SOPs and manuals, and SOPs for testing personnel capabilities) should be prepared and

updated as appropriate.
SOPs for visual inspection should specify the test methods.

For example, visual inspection should include, but not be limited to, the following testing

conditions:

* Inspection procedure, inspection pitch, time required for inspection of the individual

unit, and the interval of the inspector’s rest breaks

e Inspection benches, inspection conveyers, inspection lamps, inspection tools and

instruments (e.g., magnifiers), and inspection posture (e.g., seat)

e Light intensity over inspection benches, light intensity in the inspection area or room,
and color of background plate '

Automatic machines should be subject to, but not limited to, the following testing

conditions:
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6)

7)

°  Models of inspection machines, inspection pitch, time required for inspection of the

individual unit

°  Assessment methods for the performance of the inspection machines at the beginning
and end of the inspection operation, as well as periodic confirmation of the

performance using reference standards, etc.
e Calibration

Written SOPs should be prepared for the education and training of inspectors. The training
should be performed according to the SOPs using reference standards, etc. Training
efficiency should be periodically assessed by observing whether inspectors apply the

knowledge in practical situations.

Procedures for handling cases of unusual and specific findings of defects should be
established. Whenever new type defects are found, the quality of such products should be
evaluated in detail, the actual character of the defect should be identified, and the cause(s)
identified. If the rate of rejected products by visual inspection becomes unacceptably high,

the specified rate of rejection should be re-evaluated.

A5.4.2. Validation

1)

2)

When inspection is conducted manually by inspectors rather than machines, the efficiency
of each inspector should be evaluated using reference standards, etc., to ensure that every
inspector’s inspection capacity meets a predetermined level. Every inspector’s capacity, as

well as eyesight, should be assessed periodically.

The capacity of automatic inspection machines to inspect the predetermined visual quality
of the product and to remove predetermined defects should be validated using reference

standards, etc.
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