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GLOSSARY OF TERMS

The definitions given below have been selected and restricted to those that are likely to be useful to
users of this OIE Terrestrial Manual.

e Absorbance/optical density

Absorbance and optical density are terms used to indicate the strength of reaction. A spectrophotometer is used
to measure the amount of light of a specific wave length that a sample absorbs and the absorbance is
proportional to the amount of a particular analyte present.

e Accuracy

Nearness of a test value to the expected value for a reference standard reagent of known activity or titre.

e Assay

Synonymous with test or test method, e.g. enzyme immunoassay, complement fixation test or polymerase chain
reaction tests.

e Batch

All vaccine or other reagent, such as antigen or antisera, derived from the same homogeneous bulk and identified
by a unique code number.

¢ Biohazard (CWA115793:2011)

Potential source of harm caused by biological agents or toxins.

e Biological agent (adapted from CWA 15793:2011)

Any microorganism including those which have been genetically modified, cell cultures, and parasites, which may
be able to provoke any infection, allergy, or toxicity in humans, animals or plants. Note: for the purpose of Biorisk
Analysis, prions are regarded as biological agents.

e Biosafety

Laboratory biosafety describes the principles and practices for the prevention of unintentional exposure to
biological materials, or their accidental release.

e Biosecurity

Laboratory biosecurity describes the controls on biological materials within laboratories, in order to prevent their
loss, theft, misuse, unauthorised access, or intentional unauthorised release.

¢ Biorisk (CWA 15793:2011)

Combination of the probability of occurrence of harm and the severity of harm where the source of harm is a
biological agent or toxin. Note: the source of harm may be an unintentional exposure, accidental release or loss,
theft, misuse, diversion, unauthorised access or intentional unauthorised release.

1 CWA: CEN Workshop Agreement (2011). CEN: European Committee for Standardization
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Glossary of terms

e Biorisk analysis (adapted from the OIE Handbook on Import Risk Analysis for Animals
and Animal Products, Volume 1)

The process composed of biohazard identification, biorisk assessment, biorisk management and biorisk
communication.

e Biorisk assessment (CWA 15793:2011)

Process of evaluating the biorisk(s) arising from biohazards, taking into account the adequacy of any existing
controls, and deciding whether or not the biorisk(s) is acceptable.

e Biorisk Managment Advisor (CWA 15793:2011)
Individual who has expertise in the biohazards encountered in the organisation and is competent to advise top
management and staff on biorisk management issues.

e Biorisk Management (adapted from OIE Handbook on Import Risk Analysis for Animals
and Animal Products, Volume 1)

Process of identifying, selecting and implementing measures that can be applied to reduce the level of biorisk.

e Biorisk Management System (CWA 15793:2011)

Part of an organisation’s management system used to develop and implement its biorisk policy and manage its
biorisks.

e Cell line

A stably transformed line of cells that has a high capacity for multiplication in vitro.

e Centrifugation

Throughout the text, the rate of centrifugation has been expressed as the Relative Centrifugal Force, denoted by
‘g’. The formula is:

(RPM x 0.10472)?  x Radius (cm) =g
980

where RPM is the rotor speed in revolutions per minute, and where Radius (cm) is the radius of the rotor arm, to
the bottom of the tube, in centimetres.

It may be necessary to calculate the RPM required to achieve a given value of g, with a particular rotor. The
formula is:
RPM = g x 980 /Radius (cm)

0.10472

¢  Cross-reaction

See ‘False-positive reaction’.

e  Cut-off/threshold

Test result value selected for distinguishing between negative and positive results; may include indeterminate or
suspicious zone.

e Dilutions

Where dilutions are given for making up liquid reagents, they are expressed as, for example, 1in 4 or 1/4,
meaning one part added to three parts, i.e. a 25% solution of A in B.

. v/v — This is volume to volume (two liquids).

. w/v — This is weight to volume (solid added to a liquid).
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Glossary of terms

¢ Dilutions used in virus neutralisation tests

There are two different conventions used in expressing the dilution used in virus neutralisation (VN) tests. In
Europe, it is customary to express the dilution before the addition of the antigen, but in the United States of
America and elsewhere, it is usual to express dilutions after the addition of antigen.

These alternative conventions are expressed in the Terrestrial Manual as ‘initial dilution’ or ‘final dilution’,
respectively.

e Efficacy

Specific ability of the biological product to produce the result for which it is offered when used under the
conditions recommended by the manufacturer.

e Equivalency testing

Determination of certain assay performance characteristics of new and/or different test methods by means of an
interlaboratory comparison to a standard test method; implied in this definition is that participating laboratories are
using their own test methods, reagents and controls and that results are expressed qualitatively.

e False-negative reaction

Negative reactivity in an assay of a test sample obtained from an animal exposed to or infected with the organism
in question, may be due to lack of analytical sensitivity, restricted analytical specificity or analyte degradation,
decreases diagnostic sensitivity.
e False-positive reaction

Positive reactivity in an assay that is not attributable to exposure to or infection with the organism in question,
maybe due to immunological cross-reactivity, cross-contamination of the test sample or non-specific reactions,
decreases diagnostic specificity.

e  Final product (lot)

All sealed final containers that have been filled from the same homogenous batch of vaccine in one working
session, freeze-dried together in one continuous operation (if applicable), sealed in one working session, and
identified by a unique code number.

e Harmonisation

The result of an agreement between laboratories to calibrate similar test methods, adjust diagnostic thresholds
and express test data in such a manner as to allow uniform interpretation of results between laboratories.

e Incidence

Estimate of the rate of new infections in a susceptible population over a defined period of time; not to be confused
with prevalence.

* In-house checks

All quality assurance activities within a laboratory directly related to the monitoring, validation, and maintenance of
assay performance and technical proficiency.

e In-process control

Test procedures carried out during manufacture of a biological product to ensure that the product will comply with
the agreed quality standards.

e Inter-laboratory comparison (ring test)

Any evaluation of assay performance and/or laboratory competence in the testing of defined samples by two or
more laboratories; one laboratory may act as the reference in defining test sample attributes.

e Laboratory biosafety

See Biosafety.
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e Laboratory biosecurity

See Biosecurity.

¢ Master cell (line, seed, stock)

Collection of aliquots of cells of defined passage level, for use in the preparation or testing of a biological product,
distributed into containers in a single operation, processed together and stored in such a manner as to ensure
uniformity and stability and to prevent contamination.

e Master seed (agent, strain)

Collection of aliquots of an organism at a specific passage level, from which all other seed passages are derived,
which are obtained from a single bulk, distributed into containers in a single operation and processed together
and stored in such a manner as to ensure uniformity and stability and to prevent contamination.

e Performance characteristic

An attribute of a test method that may include analytical sensitivity and specificity, accuracy and precision,
diagnostic sensitivity and specificity and/or repeatability and reproducibility.

e Phylogeography
Phylogeography is the study of the genetic and geographic structure of populations and species.

e Potency

Relative strength of a biological product as determined by appropriate test methods. (Initially the potency is
measured using an efficacy test in animals. Later this may be correlated with tests of antigen content, or antibody
response, for routine batch potency tests.)

* Precision

The degree of dispersion of results for a repeatedly tested sample expressed by statistical methods such as
standard deviation or confidence limits.

e Predictive value (negative)

The probability that an animal is free from exposure or infection given that it tests negative; predictive values are a
function of the DSe (diagnostic sensitivity) and DSp (diagnostic specificity) of the diagnostic assay and the
prevalence of infection.

e Predictive value (positive)

The probability that an animal has been exposed or infected given that it tests positive; predictive values are a
function of the DSe and DSp of the diagnostic assay and the prevalence of infection.

e Prevalence

Estimate of the proportion of infected animals in a population at one given point in time; not to be confused with
incidence.

e Primary cells

A pool of original cells derived from normal tissue up to and including the tenth subculture.

*  Production seed

An organism at a specified passage level that is used without further propagation for initiating preparation of a
production bulk.

e Proficiency testing

One measure of laboratory competence derived by means of an interlaboratory comparison; implied in this
definition is that participating laboratories are using the same test methods, reagents and controls and that results
are expressed qualitatively.
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e  Purity
Quality of a biological product prepared to a final form and:

a) Relatively free from any extraneous microorganisms and extraneous material (organic or inorganic) as
determined by test methods appropriate to the product; and

b) Free from extraneous microorganisms or material which could adversely affect the safety, potency or
efficacy of the product.

* Qualitative Risk Assessment (Handbook on Import Risk Analysis for Animals and Animal
Products, Volume 1)

An assessment where the outputs of the likelihood of the outcome or the magnitude of the consequences are

expressed in qualitative terms such as high, medium, low or negligible.

e Quantitative Risk Assessment (Handbook on Import Risk Analysis for Animals and Animal
Products, Volume 1)

An assessment where the outputs of the of the risk assessment are expressed numerically.

e Reference animal

Any animal for which the infection status can be defined in unequivocal terms; may include diseased, infected,
vaccinated, immunised or naive animals.

e Reference Laboratory

Laboratory of recognised scientific and diagnostic expertise for a particular animal disease and/or testing
methodology; includes capability for characterising and assigning values to reference reagents and samples.

e Repeatability

Level of agreement between replicates of a sample both within and between runs of the same test method in a
given laboratory.

e Reproducibility

Ability of a test method to provide consistent results when applied to aliquots of the same sample tested by the
same method in different laboratories.

e Risk (OIE Handbook on Import Risk Analysis for Animals and Animal Products, Volume 1)
The likelihood of the occurrence and the likelihood magnitude of the biological and economic consequences of an
adverse event or effect to animal or human health.

e Risk Communication (Handbook on Import Risk Analysis for Animals and Animal
Products, Volume 1)

The interactive transmission and exchange of information and opinions throughout the risk analysis process
concerning risk, risk-related factors and risk perceptions among risk assessors, risk managers, risk
communicators, the general public, and other interested parties.

e Room temperature

The term ‘room temperature’ is intended to imply the temperature of a comfortable working environment. Precise
limits for this cannot be set, but guiding figures are 18-25°C. Where a test specifies room temperature, this
should be achieved, with air conditioning if necessary; otherwise the test parameters may be affected.

e Safety

Freedom from properties causing undue local or systemic reactions when used as recommended or suggested by
the manufacturer and without known hazard to in-contact animals, humans and the environment.

e Sample

Material that is derived from a specimen and used for testing purposes.
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e Sensitivity (analytical)

Synonymous with ‘Limit of Detection’, smallest detectable amount of analyte that can be measured with a defined
certainty; analyte may include antibodies, antigens, nucleic acids or live organisms.

e Sensitivity (diagnostic)

Proportion of known infected reference animals that test positive in the assay; infected animals that test negative
are considered to have false-negative results.

e Sensitivity (relative)

Proportion of reference animals defined as positive by one or a combination of test methods that also test positive
in the assay being compared.

e Specific pathogen free (SPF)

Animals that have been shown by the use of appropriate tests to be free from specified pathogenic
microorganisms, and also refers to eggs derived from SPF birds.

e Specificity (analytical)

Degree to which the assay distinguishes between the target analyte and other components in the sample matrix;
the higher the analytical specificity, the lower the level of false-positives.

e Specificity (diagnostic)

Proportion of known uninfected reference animals that test negative in the assay; uninfected reference animals
that test positive are considered to have false-positive results.

e Specificity (relative)

Proportion of reference animals defined as negative by one or a combination of test methods that also test
negative in the assay being compared.

e Specimen

Material submitted for testing.

e Standard Reagents

e International Standard Reagents

Standard reagents by which all other reagents and assays are calibrated; prepared and distributed by an
International Reference Laboratory.

e National Standard Reagents

Standard reagents calibrated by comparison with International Standard Reagents; prepared and distributed
by a National Reference Laboratory.

*  Working Standards (reagents)

Standard reagents calibrated by comparison with the National Standard Reagent, or, in the absence of a
National Standard Reagent, calibrated against a well-characterised in-house standard reagent; included in
routine diagnostic tests as a control and/or for normalisation of test results.

e Sterility

Freedom from viable contaminating microorganisms, as demonstrated by approved and appropriate tests.

¢  Thermotolerant

The term used to describe the ability of a vaccine and/or the parent virus/strain to retain a level of infectivity after
exposure to heat, that is, the delayed heat degradation of the virus. For example, for the thermotolerant I-2
Newcastle disease vaccine, it is defined by the length of time the vaccine will retain an infectivity titre sufficient to
induce a protective immune response, at a particular temperature. The term “delayed heat degradation” may also
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be encountered, but the term “thermotolerant” is preferred. The terms “heat resistant” and “thermostable” are
considered to create unrealistic expectations of a vaccine’s properties and should be avoided.
¢ Test method

Specified technical procedure for detection of an analyte (synonymous with assay).

e Tests

e  Prescribed

Test methods that are required by the OIE Terrestrial Animal Health Code for the international movement of
animals and animal products and that are considered optimal for determining the health status of animals.

e Alternative

Test methods considered in this Terrestrial Manual to be suitable for the diagnosis of disease in a local
situation, and that can also be used for import/ export by bilateral agreement.

e  Screening

Tests of high diagnostic sensitivity suitable for large-scale application.

¢  Confirmatory

Test methods of high diagnostic specificity that are used to confirm results, usually positive results, derived
from other test methods

¢  Thermotolerant

The term used to describe the ability of a vaccine and/or the parent virus/strain to retain a level of infectivity after
exposure to heat, that is, the delayed heat degradation of the virus. For example, for the thermotolerant I-2
Newcastle disease vaccine, it is defined by the length of time the vaccine will retain an infectivity titre sufficient to
induce a protective immune response, at a particular temperature. The term “delayed heat degradation” may also
be encountered, but the term “thermotolerant” is preferred. The terms “heat resistant” and “thermostable” are
considered to create unrealistic expectations of a vaccine’s properties and should be avoided.

e Working seed

Organism at a passage level between master seed and production seed.
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This is a new chapter

SECTION 1.1.

INTRODUCTORY CHAPTERS

CHAPTER 1.1.1.

MANAGEMENT OF VETERINARY LABORATORIES

INTRODUCTION

Reliable laboratory services can be delivered only by specialised facilities that are appropriately
constructed and managed to provide the operating environment where the complex interaction of
qualified staff, infrastructure and scientific methods can be coordinated to deliver specialised
outputs consistently and safely. This chapter describes components of governance and
management of veterinary laboratories that are necessary for the effective delivery of a diagnostic
service, highlighting the critical elements that should be established as minimum requirements.
Subsequent chapters set more specific standards for managing biological risks associated with
laboratory facilities and for the range of aspects to be addressed to ensure confidence in laboratory
test results.

The essential prerequisite for effective laboratory management is a clear understanding of the
outputs required by the managing jurisdiction. National governments should support laboratory
systems by developing a national laboratory policy based on the definition of the categories of
laboratory test results required for effective implementation of the national animal health policy.
Such clarity regarding national animal health requirements for laboratory services will guide the
formation of national strategic planning for the delivery of these services. A clear statement of
expectations of the laboratory service will guide governance and resourcing arrangements.

Further to these considerations, this chapter specifies components of diagnostic service
management and delivery including the key support services that are considered essential. In
addition to making provision for the scientific and technical aspects of the laboratory activities, the
laboratory management system must address biorisk management and quality assurance.
Laboratory management must also understand and meet the national and international regulatory
requirements governing diagnostic laboratory operations. The outputs from a veterinary laboratory
must be based on sound science, and mechanisms must be in place to prevent corrupt practices
and inappropriate political influences.

A. GENERAL CONSIDERATIONS

1. Introduction

Laboratories fulfil an essential role in the delivery of veterinary services. Without the data and information supplied
by veterinary laboratories animal disease detection, control and prevention would be significantly weakened
(Edwards & Jeggo, 2012).

Chapter 1.1.5 Principles and methods of validation of diagnostic assays for infectious diseases lists the usual
purposes for which laboratory testing is conducted, which include demonstration of freedom from infection in
defined animal populations, certification of freedom from infection in individual animals or products for
trade/movement purposes, contributions to the elimination of infection from defined populations, confirmation of
diagnosis of suspect or clinical cases, estimation of prevalence of infection or exposure to facilitate risk analysis,
and determination of the immune status of individual animals or populations.
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Chapter 1.1.1. — Management of veterinary laboratories

These roles can be provided by governments (public sector laboratories), by industry (private sector laboratories),
by universities (university laboratories) or by external organisations. Combinations of such providers in a complex
matrix of services create challenges in the management and expectations of service delivery.

The governance of public sector veterinary laboratories will vary from country to country according to their public
sector processes. This chapter sets out the general principles of veterinary laboratory governance and
management that should ensure that Veterinary Services have access to reliable, trustworthy laboratory services,
data and advice. The governance framework should ensure strong and effective delivery of services in a manner
that is politically accountable, transparent, ethical, forward-looking and fair to staff and customers.

2. Accountability and oversight

A veterinary laboratory is held accountable for a range of issues apart from the delivery of basic diagnostic
services. These may include health and safety, biosecurity, animal welfare and ethics, environmental
contamination, genetic manipulations and quality assurance. It is essential that processes are established for the
management and reporting of these issues and that individual staff are held accountable for their formally
delegated responsibilities. As part of the process, it is critical to recognise and manage the resource implications,
as failure to deliver to these accountabilities can bring the laboratory service into disrepute, detracting from the
credibility of national animal health services.

There must be a clearly communicated and effective process by which the laboratory management is assessed
and held accountable for delivery of all aspects of service delivery and accountability. This may be through a
formally constituted governing body or through line management by the veterinary services or other qualified arm
of government. Where a governing board is appointed, an independent chairman should be selected who
understands both the political and the scientific environments in which the laboratory operates. The governing
board should advise the laboratory director on how to meet the expectations of the customers and owners of the
laboratory, but should also represent the laboratory’s interests by ensuring that these customers and owners have
realistic expectations of the laboratory’s capability.

A laboratory should develop a medium-term strategic plan and a more detailed business plan for the year ahead,
including budgets and resources to be deployed on various activities. The director of the laboratory should be
responsible for presenting these plans to the governing board or departmental line management for formal
approval. The laboratory should also prepare an annual report for approval through the established oversight
processes.

The governing board must not become involved with the operational management of the laboratory, which must
remain firmly in the hands of the director and the management team.

It is important to review regularly the overall laboratory objectives and agreed deliverables with government to
ensure transparency in meeting of expectations. Staff should be kept informed on such deliverables, understand
priorities and not feel unduly threatened by the need to ensure financial security for the laboratory. There may be
competing pressures with regards to the activities that need to be undertaken, and the director should continually
provide leadership and guidance to staff on these issues.

3. [Executive management

It is essential that operational activities in the laboratory are conducted under the authority of a single individual
who is given an appropriate title, e.g. director or chief executive. The director (or equivalent) should be fully
accountable for the delivery of outputs from the laboratory and for the deployment of resources within the
institution. As the core role of the laboratory is to participate in the diagnosis of animal disease and disease
control programmes, the director should ideally be a qualified veterinarian and also have personal experience of
working in a laboratory environment. Where the director does not have a veterinary qualification, a senior deputy
should be appointed in the role of veterinary director. The key attributes of the director are to have an
understanding of the operating environment of laboratory work, to be fully aware of the end-user requirements so
that the outputs are relevant, trustworthy and timely and to demonstrate leadership qualities that will motivate the
laboratory staff to deliver their best.

The director should be supported by a senior management team whose members will lead specific aspects of the
work of the laboratory. The size of this team, and the scope of their individual responsibilities, will depend on the
size of the laboratory, but it will typically involve leaders of different scientific disciplines (e.g. pathology,
bacteriology, virology) as well as business leaders with expertise in human resources (HR), finance, procurement,
engineering, information technology (IT) and communication. At least one of the senior team should be
designated deputy director; the deputy will work closely with and in support of the director and fulfil the director’s
responsibilities in his or her absence.
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Chapter 1.1.1. — Management of veterinary laboratories

4. Infrastructure

Laboratories are highly specialised facilities with very particular requirements in terms of buildings, services and
operational environments. Although some smaller laboratories can operate within an adapted general-purpose
building, it is highly recommended that veterinary laboratories are housed in purpose-built units, designed with
considerable input from scientific staff, along with architects, environmental experts, safety advisers and others in
the design team. The structure and functions of the laboratory must comply with all relevant national regulations,
such as for biocontainment, biosafety and environmental impact. Local issues must also be taken into account,
such as the likelihood of extreme conditions (high or low temperatures, earthquakes, hurricanes, floods) and the
reliability of water and electricity supplies.

National authorities must recognise that laboratories, whilst very expensive to build, are equally expensive to
operate and maintain. It is absolutely essential that an adequate budget be allocated for annual operating costs
(see section on finance below). Factors to support include the IT data support requirements (including future-
proofing), utility costs and waste management.

5. Human resources

A veterinary laboratory, like any organisation employing staff, must have a clear, transparent HR policy that is
seen to treat all individuals fairly. Appropriate procedures should be in place to determine remuneration,
performance management, appraisal and promotion. A robust mechanism for addressing poor performance is
also essential; it should provide clear and fair procedures for dismissal, in extreme circumstances. Veterinary
laboratories employ an unusually high proportion of specialised staff, and this can cause difficulties where work
patterns change as new technologies are introduced. HR policies should include training and retraining
programmes to ensure that all staff are developed to their full potential and contribute to a flexible work force.

6. Compliance

6.1. Health and safety

Veterinary laboratories are hazardous environments. There are risks from handling dangerous
pathogens, hazardous chemicals, physical hazards (ionising radiation, fire, high-pressure steam, low-
temperature vessels) and animals (bites, kicks and other trauma to staff). Health and safety (H&S)
must comply with the applicable national H&S legislation where such exists and be managed in a
transparent and documented manner. The laboratory must have policies and procedures in place to
assess all risks to staff (and visitors) and to mitigate those risks to acceptable levels.

The requirements for H&S policies and procedures will be achieved only with adequate support.
Appointment of an H&S professional should be a serious consideration for larger laboratories, and this
should be linked to an appropriate H&S budget. The role of the H&S professional must be clearly
defined, and other staff members should understand that the presence of an H&S professional does
not mean that they are any less responsible for carrying out their work in a safe and responsible
manner, in compliance with agreed protocols. The H&S professional must have the full support of
laboratory senior management.

A H&S committee should be established consisting of representatives from both staff and management
of the laboratory. A requirement for such committee structures and operations is usually included in
national legislation, and the laboratory managers must be fully conversant with these defined
processes, including the appointment of H&S representatives, actions and reporting procedures for all
H&S incidents, H&S training requirements and the minimum laboratory infrastructures and processes
to meet these requirements.

6.2. Biosecurity

In addition to general health and safety issues veterinary laboratories have a responsibility to contain
pathogens and to prevent their accidental release that might threaten neighbouring human or animal
populations. Standards on biorisk management are given in Chapter 1.1.3a Standard for managing
Biorisk in the veterinary laboratory and animal facilities and in the WHO? Laboratory Biosafety Manual
(WHO, 2006). All veterinary laboratories must comply with the relevant standards in these documents
and also adhere to national standards and regulations. In many countries there is a national
compliance monitoring authority for biosecurity and/or biocontainment. This authority will inspect the

1 WHO: World Health Organization
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Chapter 1.1.1. — Management of veterinary laboratories

laboratory on a regular basis. The laboratory managers must understand the regulations and ensure
that sufficient resources are available to ensure compliance.

Whilst minimum legal requirements exist, individual laboratories should examine their processes and
procedures to determine where elements of biosecurity risk may arise and how best these should be
managed on a local basis. A microbiological manual that contains standard operating procedures
(SOPs) for all activities should be maintained. Such SOPs should highlight biosecurity controls, and it
is recommended that local procedures are put in place to manage non-compliance. This is a matter of
good laboratory practice, regardless of the legislative background.

Laboratory biorisk management should specifically recognise the potential for bioterrorist threats
including the concept of the insider threat (e.g. the bioterrorist threat posed by a staff member). A
process should be developed by which this threat can be managed. An annual staff threat appraisal
would be a minimum requirement in such circumstances. In addition, measures must be in place to
control access by visiting scientists to this class of pathogens.

6.3. Animal welfare

Veterinary laboratories must ensure their activities comply with animal welfare standards (Section 7 of
the Terrestrial Animal Health Code, particularly Chapter 7.8 Use of animals in research and education,
and Section 7 of the Aguatic Animal Health Code). It is also essential to understand fully the national
legislation governing the ethical use of animals and put in place processes to ensure compliance.

6.4. Gene regulation

Many laboratories now use modified genes or gene products in their activities. Compliance with
national regulations governing their use must be ensured including establishment of systems in the
laboratory to monitor and ensure such compliance.

6.5. Environment

Laboratory waste may create concerns of environmental pollution. The risk of environmental damage
from carcass disposal and disposal of other biological material is an issue that requires specific
attention. Understanding and managing, as far as possible, any potential negative impacts of the
laboratory on the surrounding environment is important and may be subject to national and local
regulations. Certification of compliance with standard 1SO2 14001:2004 Environmental Management
Systems (ISO, 2004) should be a target for laboratory managers.

B. SCIENTIFIC SERVICES

1. Diagnostic service delivery

The national Veterinary Services must be very clear in specifying the purposes for which laboratory capability is
required, and hence the test methods and technologies to be supported. The defined purposes will include the list
of diseases or infectious agent groups in scope, the nature of the government programmes to be supported in
terms of the purposes of testing outlined in chapter 1.1.5, the likely scheduling and volume of submissions, and
the required turnaround time for test reports. The cost implications must be identified and agreed. These
discussions should be recorded in a service level agreement or similar documentation.

A key component of the delivery of scientific services is the routine monitoring, calibration and maintenance of
scientific equipment. This is a real challenge in terms of both the resources to maintain the process and the
availability of trained engineers and calibration equipment. Managing these processes should be a priority for
resource allocation as test results generated on unmaintained and uncalibrated equipment cannot be trusted to
be accurate.

Provision should also be made for the laboratory services that will be required in a disease emergency. The
laboratory maximum (surge) capacity for processing samples should be defined as well as a plan for scale-up of
operations. This may include a diversion of resources from lower priority tasks. Test turnaround times are also an
important element in this specification.

2 ISO: International Organization for Standardization
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Chapter 1.1.1. — Management of veterinary laboratories

All countries should support OIE designated Reference Centres through submission of specimens, isolates of
infectious agents and other information of potential regional or international significance. It is only through receipt
of such submissions that the Reference Centres can fulfil their OIE mandated role on behalf of the international
community. Involvement with the designated Reference Centres is necessary for international public good.

In turn, national veterinary laboratories with special expertise in particular areas may seek recognition from
international bodies such as the OIE, FAO3 or WHO as reference laboratories or collaborating centres. This is
encouraged, as it facilitates the harmonisation of laboratory procedures worldwide, and strongly supports the work
of the OIE and other international organisations. Funding for reference laboratory status needs to be allocated
from national sources, and this should be part of the national planning with the Veterinary Services.

Many veterinary laboratories carry out work for a range of different customers. As well as meeting the needs of
Veterinary Services, the laboratory may conduct contract work for national or international parties, provide
diagnostic and surveillance procedures for private veterinarians, veterinary organisations or livestock industries,
test food or environmental samples for food safety or other public health reasons, perform regulatory testing of
veterinary medicinal products, and carry out contract testing for the private sector, e.g. for pharmaceutical
companies. It is the responsibility of the laboratory director and management team to ensure that a balanced
approach is taken in the allocation of resources in order to deliver this complex array of services. There should be
clear recognition of priorities to facilitate dealing with unexpected events such as disease emergencies.

2. Quality assurance

Veterinary laboratories must be managed under a quality assurance system as specified in Chapter 1.1.4 Quality
management in veterinary testing laboratories and should preferably be accredited to an international standard
such as ISO/IEC 17025 General requirements for the competence of testing and calibration laboratories
(ISO, 2005). The laboratory should ensure that all of its procedures, not just those concerning the laboratory
bench but also those for supporting documentation and computer records, are robust, reliable and repeatable.

The quality standards require that diagnostic tests used in the laboratory should be validated as fit for purpose.
The international standard for validation of diagnostic tests is established by the OIE, and is set out in chapter
1.1.5. Validation is not a once-for-all-time procedure but requires continual monitoring and refinement as the test
is used. Laboratories should strive at all times to use tests that have reached at least stage 3 on the OIE
validation pathway (chapter 1.1.5) and to continue refining the validation data as explained in the text.

3. Research

Laboratories are likely to engage in research, such as development or adoption of new tests or test methods, or
pathogenesis or epidemiological studies of infections important in the particular country. It is essential to manage
effectively the balance between research and diagnostic service delivery and the potential for competition for
resources, including staff time.

C. SUPPORT SERVICES

1. Internal governance: policies and procedures

To ensure adequate standards of laboratory management across the spectrum of roles and responsibilities as
identified in this chapter the responsible authority for the laboratory must ensure that laboratory management has
adequate arrangements in place to deliver the required outcomes. These arrangements will include clearly
defined policies and procedures supported by a management structure that is adequately resourced for
implementation, audit and review.

Laboratory management should agree and document its policies for all aspects of operational activities. The
processes by which such policies are implemented should also be documented in the form of clear procedures
that are communicated to all staff who are involved in the particular activity. This approach has been introduced in
some laboratories through the development of a quality assurance system, but is applicable to all aspects of
laboratory activity. The responsibilities of designated staff for oversight and implementation of policies and
procedures should be included in the documentation, and communicated clearly to all staff on the laboratory site.

3 FAO: Food and Agriculture Organization of the United Nations
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Chapter 1.1.1. — Management of veterinary laboratories

2. Information management

Modern laboratories are increasingly dependent on computerised systems to manage their data. This can include
an all-encompassing laboratory information management system (LIMS), bespoke systems for controlling
individual laboratory equipment, and sophisticated analytical systems for use by specialised information scientists
in disciplines such as molecular biology, informatics, epidemiology, risk analysis and statistics. There will also be
office support systems for word processing, finance, HR and bibliographic databases. Systems for internal and
external communications such as websites and email services will be needed. As with other elements of the
laboratory’s activities, it is essential that the computer systems are managed by competent professionals and that
the scientific staff are consulted in specifying the services they require. Measures must be in place to protect the
integrity of the data, for archiving and retrieval, and for privacy protection of personal or sensitive items. It is
important that the laboratory clearly determines its needs and procures the necessary resources, either through a
service contract with an IT support company or through the direct employment of IT professionals, so as to
provide adequate support in this essential area.

3. Finance

The budget is an integral part of the annual laboratory business plan and will set a basis for negotiation with
customers and funders. The director should be personally accountable for delivering the work programme of the
laboratory within budget, while individual managers of projects or activities should be set delegated delivery and
financial targets. For any but the smallest of laboratories, the director should be supported in this area by one or
more finance professionals, and for larger laboratories the senior finance officer should be a member of the
executive management team.

Laboratory management should identify all costs and their allocation to the appropriate area of activity, so that the
total cost of delivering any particular service can be identified. The operating costs should include directly
attributable items (such as reagents and equipment), staff time per procedure, administration (booking in
samples, generating reports), capital equipment (the cost of which may need to be spread across multiple
activities or projects) and an appropriate proportion of overhead costs (covering such items as management,
buildings, utilities, IT services, safety and quality procedures, and storage and archiving of samples and records).
Making use of all this information, the management team should determine the total costs of operating the
laboratory, broken down into specific areas, to enable an indicative budget to be prepared for approval by the
governing body.

Cost control is an essential part of laboratory management. Continual efforts should be made to improve
efficiency without compromising on quality. It is to be expected that customers will seek to minimise the costs to
them of the services received; however; it is also important that the Veterinary Services or other laboratory
customers recognise the complexity of the expenses in running a laboratory.

For many laboratories revenue generation through the sale of services and products is an important component of
their finances. There may be political or regulatory constraints that determine whether such activities can make a
profit, break even or be subsidised from the government allocated funds, but in all cases the laboratory should
have a transparent pricing policy.

An important aspect of financial management is procurement of equipment, laboratory supplies and services. It is
likely that there will be government regulations with which the actual procurement processes must comply.
However it is important that the scientific staff of the laboratory should prepare detailed specifications of their
requirements, whether for reagent supplies, equipment, or external provision of services. If the specification is
well prepared, then the procurement process should be able to secure appropriate supplies of the product at the
required quality. Clear rules must be in place to prevent undue pressure or bribery being applied to procurement
officers by suppliers. This risk must be monitored closely by the senior management of the laboratory and, if
necessary, by the governing body.

4. Engineering and maintenance

A modern veterinary laboratory requires substantial and adequate engineering maintenance and support. It is
possible to outsource many of these maintenance requirements, but in many cases an in-house capability may
better serve the need. Most laboratories have site-specific needs and requirements that are best met with a
reasonable complement of engineering and trade skills on site, with staff who are familiar with local needs and
issues. Laboratory management should regularly review how best to supply these support services.

6 OIE Terrestrial Manual 2015
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Chapter 1.1.1. — Management of veterinary laboratories

5. Communications

Good communications that result in transparency of decision making and operations are vital to the success of a
laboratory enterprise. This includes internal communications within the laboratory, ensuring that all staff are aware
of the current priorities and how these impact on their work individually, as well as the wider activities of the
laboratory and how their efforts contribute to the whole. It is essential that senior management has a system for
communicating with staff throughout the laboratory and that this process genuinely works both ways. Senior
managers must make efforts to be aware of the concerns and aspirations of their staff.

Externally, the director and management team must be effective advocates for the laboratoryand represent it in
meetings with Veterinary Services and other government officials, with scientists from other institutions, nationally
and abroad, or with the wider public, including the media. It follows that the director and senior managers should
be trained to interact with the media. This is a major priority particularly during a disease emergency, when
effective communications with laboratory stakeholders is essential.

The key outputs from a veterinary laboratory are the scientific results and interpretation stemming from its
analytical and investigational activities. These must be communicated to the customers or end-users in a clear
and meaningful manner. Laboratory reports should include, where appropriate, indications of the level of
uncertainty in the results, whether further results are still pending, and how to raise queries or clarifications or
request further work.

A public information policy and procedures should provide a mechanism for individuals and outside bodies to ask
about specific activities in the laboratory. Communications support staff should be involved in ensuring that the
laboratory’s customers are kept informed about the work of the laboratory, its successes and any constraints on
future work. Laboratories may provide an internet website or other IT-based strategies to assist with such
communications. The management team should also ensure that procedures are in place to ensure compliance
with obligatory reporting and notification requirements.

Scientific staff should be encouraged and supported to attend conferences and present papers, while the
production of a steady stream of good-quality written papers in refereed journals is vital to the success of a
laboratory institution. Importantly, this does not apply only to the research scientists; those working in diagnostic
and surveillance work can also play an important role.

D. CONCLUSIONS

Good governance and management of a veterinary diagnostic laboratory are essential for the safe, sustainable
and effective delivery of a diagnostic service. This chapter identifies the range of issues to be addressed if
laboratories are to meet international standards. Many aspects of the delivery of laboratory services are now
highly regulated by national authorities, and laboratory managers must be familiar with these regulations and
have compliance processes in place. Key elements of staff safety, biocontainment, biosecurity, quality assurance,
animal welfare and environmental management are vital components of operating such facilities. The governance
and management of these aspects are as important as the delivery of the actual diagnostic service.

A well managed laboratory will further ensure that the general provisions specified in the remaining chapters of
Part 1 of this Terrestrial Manual are met as well as the specific standards for the diagnostic testing for specific
disease agents as outlined in Part 2. A key component in providing customer assurance is conforming with the
OIE quality standard (chapter 1.1.4) supported by accreditation to quality standards such as 1SO 17025.
Accreditation is an important achievement of which laboratory staff can be proud, and implies that underlying
compliance issues have been addressed.

Fundamental to the effective delivery of diagnostic services is the operation and maintenance of the facility and
the scientific equipment. Allocation of adequate ongoing resources to this area is vital, yet is highlighted as an
area of common neglect.

A successful veterinary diagnostic laboratory will have a highly trained, motivated workforce, with respect and
support given to all individuals including both the frontline scientific staff and the important support teams
providing vital services in areas such as finance, HR, safety, quality, procurement, engineering, IT and
communications.

The achievement of all the above, and delivery of a respected and reliable service, requires a management
system with checks and balances and effective review. This will include mechanisms to ensure political
accountability, transparency, responsiveness, and coherent planning to ensure sustainability. A structure that
includes an oversight process through the use of a laboratory governing board is strongly advocated to assist
both financial management and strategic approaches to the delivery of all aspects of the laboratory’s activities.

OIE Terrestrial Manual 2015 7
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This chapter has been extensively revised and updated. Although some portions
of the existing text have been incorporated, new text and deleted text have
not been marked, in the interest of clarity
NB: Last adopted by the World Assembly of Delegates of the OIE in May 2008

CHAPTER 1.1.6.

PRINCIPLES OF VETERINARY
VACCINE PRODUCTION

SUMMARY

A reliable supply of pure, safe, potent, and effective vaccines is essential for maintenance of animal
health and the successful operation of animal health programmes. Immunisation of animals with
high quality vaccines is the primary means of control for many animal diseases. In other cases,
vaccines are used in conjunction with national disease control or eradication programmes.

The requirements and procedures described here are intended to be general in nature and to be
consistent with published standards that are generally available for guidance in the production of
veterinary vaccines. The approach to ensuring the purity, safety, potency, and efficacy of veterinary
vaccines may vary from country to country depending on local needs. However, proper standards
and production controls are essential to ensure the availability of consistent, high quality products
for use in animal health programmes.

As the pathogenesis and epidemiology of each disease varies, the role and efficacy of vaccination
as a means of control also varies from one disease to another. Some vaccines may be highly
efficacious, inducing an immunity that not only prevents clinical signs of the disease, but may also
prevent infection and reduce multiplication and shedding of the disease-causing agent. Other
vaccines may prevent clinical disease, but not prevent infection and/or the development of the
carrier state. In other cases, immunisation may be completely ineffective or only able to reduce the
severity of the disease. Thus the decision whether to recommend vaccination as part of an animal
disease control strategy requires a thorough knowledge of the characteristics of the disease agent
and its epidemiology, as well as the characteristics and capabilities of the various available
vaccines. There is also growing public interest in the beneficial implications for animal welfare of the
use of veterinary vaccines as a means of disease control. In any case, if vaccines are used,
successful performance requires that they be produced in a manner that ensures a uniform and
consistent product of high quality.

As for all medicines, vaccine production starts within research and development (R&D) facilities,
carrying out all the preclinical studies which are intended to demonstrate the quality of the products,
including the safety and the efficacy. All these studies are generally carried out according to
international reference standards such as good laboratory practice (GLP) for preclinical studies and
good clinical practice (GCP) for clinical studies.

Before release of a vaccine for use in a country, a license or marketing authorisation must be
requested from and be assessed and authorised by the competent authority to ensure compliance
with local product marketing authorisation conditions. Starting materials to be used, manufacturing
steps, in-process controls and controls on the finished product before release by a responsible
person should be described in the marketing authorisation dossier, as should be the necessary
tests to demonstrate quality, safety, and efficacy of the vaccine.

After the marketing authorisation has been granted by a competent authority, the industrial
production can be launched in a manufacturing site which is authorised by the competent authority
in accordance with national requirements and having the relevant equipment, facilities and
personnel for production and controls. The manufacturing site should be inspected on a regular
basis by experienced official inspectors.
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Chapter 1.1.6. — Principles of veterinary vaccine production

Quality assurance is an integral part of the production of pure, safe and efficacious vaccines. This
chapter outlines critical check points, with more details provided in chapters 1.1.8
Recommendations for manufacturing sites for veterinary vaccines and 1.1.9 Quality control of
vaccines. It is a step-wise and iterative process. Compliance with the full standards described in
these chapters can be achieved through risk analysis and step-wise process improvement.

NOMENCLATURE

The nomenclature for veterinary biological products varies from country to country. For example, in the United
States of America (USA) the term ‘vaccine’ is used for products containing live or inactivated viruses or protozoa,
live bacteria, or nucleic acids. Products containing killed bacteria and other microorganisms are identified as
bacterins, bacterial extracts, conventional or recombinant subunits, bacterintoxoids, or toxoids, depending on the
type of antigen they contain. For example, products containing antigenic or immunising components of
microorganisms may be called ‘subunits’ or ‘bacterial extracts’, and those produced from the inactivation of toxins
are called ‘toxoids’. In the European Union (EU), Immunological Veterinary Medicinal Products are defined as
‘products administered to animals in order to produce active or passive immunity or to diagnose the state of
immunity’, see Directive 2001/82/EC, as amended by Directive 2004/28/EC. For this chapter, however, the term
‘vaccine’ will include all products designed to stimulate active immunisation of animals against disease, without
regard to the type of microorganism or microbial toxin from which they may be derived or that they contain. This
use is more consistent with international nomenclature. ‘Vaccine’ will not be used in this discussion in reference to
biological products recommended for passive immunisation, immunomodulation, treatment of allergies, or
diagnosis.

VACCINE TYPES OR FORMS

Vaccines may be prepared as live or inactivated (killed) products. Some live vaccines are prepared from low
virulence, mild, field isolates of a disease-causing agent that have been found to be safe and effective when
administered by an unnatural route or under other conditions where exposure to the microorganism will immunise
rather than cause disease. Other live vaccines are prepared from isolates of disease-causing agents that have
been modified by passage through laboratory animals, culture media, cell cultures, or avian embryos to select a
variant of reduced virulence. The development of recombinant DNA (rDNA) procedures has provided some
unique opportunities for vaccine production. Modified live vaccines may now be specifically produced by deletion
of virulence-related genes from a microorganism. Others are produced by the insertion of genes that code for
specific immunising antigens from a disease-causing microorganism into a nonvirulent vector microorganism.
Nucleic-acid-mediated vaccines containing plasmid DNA are being developed. The DNA is usually in plasmid
form and codes for immunising antigens from disease-causing microorganisms.

Killed products may contain: 1) Cultures of microorganisms that have been inactivated by chemical or physical
means; 2) Inactivated toxins; or 3) Subunits (antigenic parts of microorganisms) that have been extracted from
cultures or that have been produced through rDNA procedures.

Both live and inactivated vaccines may contain different antigenic components and may be formulated with
adjuvants, stabilisers, antimicrobial preservatives and diluents. Adjuvants are designed to enhance the
immunising efficacy of the vaccine. Those used frequently are typically water-in-oil emulsions (either single or
double), made with mineral or vegetable oil and an emulsifying agent.

Other adjuvants, such as aluminium hydroxide gel or saponin, are also used. In addition to these traditional
adjuvants, vaccines are being developed that include additional ingredients that induce immunomodulatory effects
in the host animal and serve to enhance the efficacy of the product. These ingredients may include immunogenic
components of microorganisms such as killed bacteria, which stimulate the immune response to other fractions
contained in the vaccine, or cytokines, which may be used to regulate specific aspects of the immune system and
are included in rDNA constructs used in products manufactured through biotechnology.

Many products obtained by biotechnology have now been licensed or approved, and more are being developed.
Products of rDNA technology do not differ fundamentally from conventional products. Therefore, existing laws and
regulations are fully applicable to these new products.

Each competent authority with power to regulate organisms and products derived from recombinant techniques
should ensure that the public health and the environment are protected from any potentially harmful effect.
Veterinary vaccines derived through rDNA technology may be divided into three broad categories. The division is
based on the products’ biological properties and on the safety concerns they present.
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Chapter 1.1.6. — Principles of veterinary vaccine production

Category | consists of non-viable or killed products that pose negligible risk to the environment and present no
new or unusual safety concerns. Such products include inactivated microorganisms, either whole or as subunits,
created by using rDNA techniques.

Category Il products contain live microorganisms modified by adding or deleting one or more gene(s). Added
genes may code for marker antigens, enzymes, or other biochemical by-products. Deleted genes may code for
virulence, oncogenicity, marker antigens, enzymes, or other biochemical by-products. The marketing
authorisation application must include a characterisation of the DNA segments added or deleted, as well as a
phenotypic characterisation of the altered organism. The genetic modifications must not result in any increase in
virulence, pathogenicity, or survivability of the altered organism in comparison with the wild-type form. It is
important that the genetic modification does not cause deterioration in the safety characteristics of the organism.

Category lll products make use of live vectors to carry recombinant-derived foreign genes that code for
immunising antigens. Live vectors may carry one or more foreign gene(s) that have been shown to be effective for
immunising target host animals. The use of DNA vaccines containing recombinant-derived foreign genes that
code for immunising antigens (plasmid DNA vaccines) constitutes a new approach to vaccine development. The
proper categorisation of this type of rDNA-derived product will be established as biological properties and safety
characteristics are determined. These new vaccines may find application in a wide variety of situations much as
conventional products have.

VACCINE PRODUCTION

1. Quality assurance

Quality assurance is a wide-ranging concept that covers all matters that individually or collectively influence the
quality of a product. It is the total sum of the organised arrangements made with the object of ensuring that
medicinal products are of the quality required for their intended use, ranging from process control, improvement
and inspection, testing of the quality, efficacy and safety of the vaccines to assurance achieved through
competent authority procedures. It is a step-wise and iterative process, and compliance with the standards
described in these chapters can be achieved through risk analysis and step-wise process improvement. The basic
concepts of quality assurance, good manufacturing practice (GMP), quality risk management and quality control
are inter-related. See chapter 1.1.9 for full details.

2. Production facilities

Facilities used for the production of vaccines should be designed to protect the purity of the product throughout
the production process and to safeguard the health of the personnel.

For each vaccine, there should be a detailed production plan that describes where each step in the production
process will occur. This plan should be documented in a detailed standard operating procedure (SOP) or by
providing a building blueprint and accompanying blueprint legend. Each room in the establishment should be
uniquely identified, and all functions performed and all microorganisms involved should be specified for each
room. Disinfection procedures, monitoring of equipment and other procedures used in the operation of the
facilities to prevent contamination or errors during production should also be documented. This plan should be
updated as new products or microorganisms are added to the facility, or other changes or improvements in
procedures are developed.

The requirements for vaccine production facilities are described in more detail in chapter 1.1.8.

3. Documentation of the manufacturing process and record keeping

A detailed Outline of Production, a series of SOPs, or other documents should also be prepared to describe the
protocol for the manufacture and testing of each product produced in an establishment.

Criteria and standards for source materials should be clearly and accurately documented.

Guidelines for the preparation of such documents for veterinary vaccines are published by competent control
authorities. This documentation is intended to define the product and to establish its specifications and standards.
It should serve, along with the blueprints and blueprint legends (or production plan and SOPs), as a uniform and
consistent method of producing the product that should be followed in the preparation of each batch/serial (one
master batch record for each product).
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Chapter 1.1.6. — Principles of veterinary vaccine production

The producer should establish a detailed record-keeping system capable of tracking the performance of
successive steps in the preparation of each biological product. Records kept should indicate the date that each
essential step was taken, the name of the person who carried out the task, the identity and quantity of ingredients
added or removed at each step, and any loss or gain in quantity in the course of the preparation. Records should
be maintained of all tests conducted on each batch/serial. All records relevant to a batch/serial of product should
be retained for at least 2 years after the expiry date on the label, or in line with the requirements of the competent
control authority.

Details of documentation required at a manufacturing site are described in chapter 1.1.8.
4. Production

Because of the wide variety of products, the frequently large number of stages involved in the manufacture of
vaccines and the nature of the biological processes, each stage must be constantly monitored. Adherence to
validated operating procedures and in-process controls is critical.

The specifications and source of all product ingredients should be defined in the Outline of Production, SOPs, or
other appropriate documents. The Outline of Production must be approved by the competent authority. All
ingredients of animal origin that are not subject to a validated sterilisation procedure should also be tested to
ensure freedom from extraneous bacteria, fungi, mycoplasma, and viruses as specified in Chapter 1.1.7. Tests for
sterility and freedom from contamination of biological materials. Their country of origin should be known.
Measures should be implemented by the manufacturer to avoid the risk of transmissible spongiform
encephalopathy (TSE) agent contamination by ingredients of animal origin.

Some control authorities discourage the use of preservatives, especially antibiotics as a means of controlling
adventitious contamination during production and prefer the use of strict aseptic techniques to ensure purity.
However, they sometimes allow the use of preservatives in multidose containers to protect the product during
use. These control authorities usually limit any addition of antibiotics in the manufacture of the product to cell
culture fluids and other media, egg inocula, and material harvested from skin or possibly other tissues. Some
control authorities prohibit the use of penicillin or streptomycin in vaccines administered by aerosol or
parenterally. If the antibiotics used are not recommended for use in the target species, they should be shown to
have no harmful effects in the vaccinated animals and not result in the contamination of food derived from
vaccinated animals.

Details of vaccines production required at a manufacturing site, including requirements for staring materials, cell
bank systems and seed-lot systems are described in chapter 1.1.8.

5. Process validation

Prior to obtaining a marketing authorisation for any new product, each establishment should produce in its
facilities three consecutive production batches/serials of completed product to evaluate the consistency of
production.

These batches/serials should be prepared according to the procedures described in the Outline of Production and
blueprints and legends, SOPs or other documentation of the manufacturing process and should therefore be
‘typical of production’. Some authorities require that the size of each of the three batches/serials should be at
least one-third the size of the average batch/serial that will be produced once the product is in production.

The manufacturer should test each of these batches/serials for purity, safety, and potency as provided in the
Outline of Production or other documentation of the manufacturing process. Applicable standard requirements
and test procedures, for example those described in CFR Title 9 Part 113, in the Annex to EU Directive
2001/82/EC (as amended), in the European Pharmacopoeia, or as described in this Terrestrial Manual may be
used. Satisfactory test results should be demonstrated for all three batches/serials prior to approving the
production of the product in the facilities and its release for marketing. Each subsequent batch/serial should be
tested in the same manner with satisfactory results prior to release for marketing.

6. Stability tests

It is important to monitor the stability of each product through a programme of on-going stability. Additional
information is given in the chapter 1.1.9.

All vaccines are sensitive to heat to some extent, but some are more sensitive than others. There is increasing
interest in the development of vaccines that can tolerate adverse storage conditions. In this Terrestrial Manual,
thermo-tolerant is defined as the ability of live vaccines to retain a level of infectivity after exposure to heat, that is,
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Chapter 1.1.6. — Principles of veterinary vaccine production

the delayed heat degradation temperatures above 8°C. It is defined by the length of time the vaccine will retain a
potency sufficient to induce a protective immune response. By the latter criterion the term can also be applied to

killed vaccines.

7. Tests to demonstrate safety and efficacy of a vaccine

All laboratory procedures and tests should be conducted in compliance with an international standard such as
Good Laboratory Practice (GLP), see chapter 1.1.9. Similarly tests in animals should comply with Good Clinical
Practice (GCP). Submission of the results of the tests described below would normally be required in a dossier
supporting a request for the granting of a marketing authorisation or license.

7.1. Safety tests

7.1.1.

7.1.2.

7.1.3.

Target animal safety tests

Harmonised international guidelines for safety tests are published by the International
Cooperation on Harmonisation of Technical Requirements for Registration of Veterinary Medical
Products (VICH) in VICH GL 44 Target animal safety for veterinary live and inactivated vaccines
(http:/mww.vichsec.org/guidelines/biologicals/bio-safety/target-animal-safety.html). An overdose
test is required for live vaccines shown to retain residual pathogenicity by induction of disease-
specific signs or lesions. In general other vaccines do not require overdose testing.

For vaccines that require a single life-time dose or primary vaccination series only, the primary
vaccination regimen should be used. For vaccines that require a single dose or primary
vaccination series followed by booster vaccination, the primary vaccination regimen plus an
additional dose should be used.

The intrinsic safety of vaccines should be demonstrated early in product development and
documented as part of the licensing dossier. Safety studies during development and licensing
for all products should include the safety of a single dose, of an overdose and of repeated single
doses. Additional data are derived for live vaccines from the increase in virulence tests and by
assessing risk to the environment and in-contact animals, as discussed below. Safety should be
demonstrated in each species for which the product is indicated.

For inactivated virus or bacterial products, where host animals are used for potency testing,
safety may be determined by measuring local and systemic responses following vaccination
and before challenge in the potency tests. Further evidence concerning the safety of products is
derived from field safety trials (discussed below). Vaccines derived through biotechnology
should be evaluated as discussed in the classification of biotechnology-derived vaccines and
release of live rDNA vaccines below.

Increase in virulence tests

With live vaccines, there is concern that the organism might be shed from the host and
transmitted to contact animals, causing disease if it retains residual virulence or reverts to
virulence with repeated host passages. Guidelines for testing are published by VICH: GL 41:
Examination of live veterinary vaccines in target animals for absence of reversion to virulence
(http:/imwww.vichsec.org/guidelines/biologicals/bio-safety/target-animal-safety.html).

All live vaccines should be tested for virulence by means of passage studies. Vaccine
organisms are propagated in vivo by inoculating a group of target animals with master seed, in
principle; this inoculation uses the natural route of infection for the organism that is most likely to
result in infection and reversion or a recommended route of administration of the vaccine
manufactured from this master seed. The vaccine organism is recovered from tissues or
excretions and is used directly to inoculate a further group of animals, and so on. After not less
than four passages, i.e. use of a total of five groups of animals, the isolate must be fully
characterised, using the same procedures used to characterise the master seed. Regulatory
authority opinion varies in whether or not it is acceptable to propagate in vitro between
passages organisms that otherwise cannot be passaged five times because of their degree of
attenuation. The vaccine organism must retain an acceptable level of attenuation after
propagation in this way.

Assessing risk to the environment

The ability of each live vaccine to shed, to spread to contact target and non-target animals, and
to persist in the environment must be evaluated to provide information for assessing the risk of
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Chapter 1.1.6. — Principles of veterinary vaccine production

the vaccine to the environment, taking into account human health. In some cases this may be
done in conjunction with the increase in virulence tests. In the case of live vaccines strains that
may be zoonotic, the risk for humans should be assessed. These and additional considerations
are especially important in the case of products based on biotechnology or recombinant DNA
techniques; more information about such products is provided in other sections.

7.2. Efficacy tests

7.2.1.

7.2.2.

7.2.3.

Laboratory efficacy

The efficacy of veterinary vaccines should be demonstrated by statistically valid vaccination—
challenge studies in the host animal, using the most sensitive, usually the youngest, animals for
which the product is to be recommended. Data should support the efficacy of the vaccine in
each animal species by each vaccination regimen that is described in the product label
recommendation. This includes studies regarding the onset of protection when claims for onset
are made in the product labelling and for the duration of immunity. The tests should be
performed under controlled conditions starting, wherever possible, with seronegative animals.
Where validated potency tests are available, target species vaccination—challenge studies may
not be required if predictive serological test results are available. The application of procedures
to replace, reduce, and refine animal tests (the ‘three Rs rule’) should be encouraged whenever
possible.

Efficacy studies should be conducted with final product vaccine that has been produced at the
highest passage level from the master seed that is permitted in the Outline of Production, or
other documentation of the manufacturing process. This will have specified the minimum
amount of antigen per dose that must be in the final product throughout the entire authorised
shelf-life. Where a range of antigen level per dose is permitted, the antigen level per dose in the
vaccine tested for efficacy must be at or below the minimum permitted amount. The precise
challenge method and the criteria for determining protection vary with the immunising agent and
should be standardised whenever possible.

Field efficacy studies may be used to confirm the results of laboratory studies or to demonstrate
efficacy when meaningful vaccination—challenge studies are not feasible. However, it is
generally more difficult to obtain statistically significant data to demonstrate efficacy under field
conditions. Protocols for field studies are more complex, and care must be given to establish
proper controls to ensure the validity of the data. Even when properly designed, field efficacy
studies may be inconclusive because of uncontrollable outside influences. Some problems
include: a highly variable level of challenge; a low incidence of disease in non-vaccinated
controls; and exposure to other organisms causing a similar disease. Therefore, efficacy data
from both laboratory and field studies may be required to establish the efficacy of some
products, as well as ‘a posteriori’ field trials linked to vaccinovigilance.

Interference tests

Consideration must be given to possible interference between two different vaccines from the
same manufacturer recommended to be given to the same animal within a 2-week period. The
safety and the efficacy of this association should be investigated.

Field tests (safety and efficacy)
7.2.3.1. All vaccines

All veterinary vaccines administered to animals should be tested for safety and, if possible,
for efficacy in the field, using GCP, before being authorised for general use. Field studies
are designed to demonstrate efficacy under working conditions and to detect unexpected
reactions, including mortality that may not have been observed during the development of
the product. Under field conditions there are many uncontrollable variables that make it
difficult to obtain good efficacy data, but demonstration of safety is more reliable. The tests
should be done on the host animal, at a variety of geographical locations, using
appropriate numbers of susceptible animals. The test animals should represent all the
ages and husbandry practices for which the product is indicated; unvaccinated controls
must be included. The product tested should be one or more production batches/serials. A
protocol should be developed indicating the observation methods and the recording
methods.
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Chapter 1.1.6. — Principles of veterinary vaccine production

7.2.3.2. Additional requirements for live rDNA products

The release of live rDNA microorganisms (Categories Il and 1ll) for field testing or general
distribution as an approved or licensed product may have a significant effect on the quality
of the human and animal environment. Before release is authorised, the manufacturers of
the vaccine should conduct a risk assessment to evaluate the impact on the human and
animal environment. In the USA, for example, a procedure is adopted that could be used
as a model system in other countries. The EU has adopted a similar system. It is
performed as follows:

A risk assessment is carried out that should contain the following information:

i) the purpose and need for the proposed action;
i) the alternatives considered,;
iii) alist of the government agencies, organisations, and persons consulted;

iv) the affected environment and the potential environmental consequences.

The topics discussed should include:

i) the characteristics of the vaccine organism,

i)  human health risks,

iii) animal health risks for both target and nontarget animals,

iv)  persistence in the environment, and increase in virulence.

If the risk assessment results in a finding by competent authorities that the proposed
release of the recombinant vaccine into the environment for field trials or general
distribution would not have a significant impact on the environment, a notice should be
published and distributed to the public announcing this and that the risk assessment and
findings are available for public review and comment. If no substantive comments are
received to refute the findings, competent authorities may authorise the field testing or
grant the license or approval for general distribution.

The preparation of a risk assessment and the findings made from the assessment may
also include the scheduling of one or more public meetings if a proposed action has
ecological or public health significance. Such meetings should be announced through a
public notice. Interested persons should be invited to make presentations, along with
presentations by the producer of the product, and government personnel. The transcripts
of such meetings should become part of the public record.

If, in the course of preparing a risk assessment, competent authorities conclude that the
proposed action may have a significant effect on the human environment, an
environmental impact statement (EIS) should be prepared. The EIS provides a full and fair
discussion of the significant environmental impacts, and informs decision-makers and the
public of any reasonable alternatives that would avoid or minimise the adverse impacts.
Environmental documents are considered in the United States Code of Federal
Regulations [CFR] Title 40 part 1508. The EU has issued guidelines under Directive
2001/18/EC: Guideline on Live Recombinant Vector Vaccines for Veterinary Use, see
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/10/WC
500004590.pdf

8. Updating the Outline of Production

Before production procedures are changed, the corresponding Outline of Production or other documentation of
the manufacturing process should be changed. Establishments should have internal review procedures to
evaluate all changes in production before they are initiated. Changes should also be reviewed and approved by
competent authorities prior to their implementation.

In cases where a significant production step is altered, revisions may require additional data to support the purity,
safety, potency, and/or efficacy of the product. In countries with regulatory systems that include confirmatory
testing the final product at national laboratories, revisions should entail testing of the revised product by
competent authorities.
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Chapter 1.1.6. — Principles of veterinary vaccine production

QUALITY CONTROLS IN VACCINE PRODUCTION
1. Principle

Quality control is concerned with sampling, specifications and testing as well as the organisation, documentation
and release procedures. Quality control ensures the necessary and relevant tests are carried out, and that
materials are not released for use, nor products released for sale or supply, until their quality has been judged
satisfactory. Quality control is not confined to laboratory operations, but must be involved in all decisions that may
concern the quality of the product. The independence of quality control from production is considered fundamental
to the satisfactory operation of quality control. Details of quality control are described in the chapter 1.1.9.

2. Batch/serial release for distribution

Prior to release, the manufacturer must test each batch/serial for purity, safety, and potency, as well as perform
any other tests described in the firm’s Outline of Production or other documentation of the manufacturing process
for that product. In countries that have national regulatory programmes that include official control authority re-
testing (check testing) of final products, samples of each batch/serial should also be submitted for testing in
government laboratories by competent authorities. If unsatisfactory results are obtained for tests conducted either
by the manufacturer or by competent authorities, the batch/serial should not be released. In such cases,
subsequent batches/serials of the product should be given priority for check testing by competent authorities.

2.1. Batch/serial purity test

Purity is determined by testing for a variety of contaminants. Tests to detect contaminants are
performed on each batch/serial of final product prior to release.

Purity test procedures have been published, for example in CFR Title 9 part 113, in the annex to EU
Directive 2001/82/EC (as amended), in the European Pharmacopoeia, or in this Terrestrial Manual
(chapter 1.1.7), for the detection of extraneous viruses, bacteria, mycoplasma and fungi. Examples
include tests for: Salmonella, Brucella, chlamydial agents, haemagglutinating viruses, avian lymphoid
leucosis (virus), pathogens detected by a chicken inoculation test, or a chicken embryo inoculation test,
lymphocytic choriomeningitis virus, cytopathic and haemadsorbing agents, and pathogens detected by
enzyme-linked immunosorbent assay, polymerase chain reaction, or the fluorescent antibody
technique.

2.2. Batch/serial safety test

Batch/serial safety tests are required by some regulatory authorities for the release of each batch/serial
and typical tests are described in CFR Title 9 part 113, in this Terrestrial Manual and elsewhere.
Standard procedures are given for safety tests in mice, guinea-pigs, cats, dogs, horses, pigs, and
sheep and are generally conducted using fewer animals than are used in the safety tests required for
licensing. Batches/serials are considered satisfactory if local and systemic reactions to vaccination with
the batch/serial to be released are in line with those described in the marketing authorisation dossier
and product literature. Some authorities do not permit batch/serial safety testing in laboratory animals,
requiring a test in one of the target species for the product. The European Pharmacopoeia no longer
requires a batch safety test in target animal species for the release of vaccine batches/serials.

2.3. Batch/serial potency test

Batch/serial potency tests, required for each batch/serial prior to release, are designed to correlate with
the host animal vaccination—challenge efficacy studies. For inactivated viral or bacterial products,
potency tests may be conducted in laboratory or host animals, or by means of quantitative in-vitro
methods that have been validated reliably to correlate in vitro quantification of important antigen(s) with
in-vivo efficacy. The potency of live vaccines is generally measured by means of bacterial counts or
virus titration. Recombinant DNA or biotechnology-based vaccines should also be tested. Live
genetically modified organisms can be quantified like any other live vaccine by titration, and expressed
products of recombinant technology are quantified by in vitro tests, which may be easier to perform
compared with tests on naturally grown antigens because of the in-process purification of the desired
product.

When testing a live bacterial vaccine for release for marketing, the bacterial count/titre must be
sufficiently greater than that shown to be protective in the master seed immunogenicity (efficacy) test to
ensure that at any time prior to the expiry date, the count/titre will be at least equal to that of the
batch/serial used in the immunogenicity test. When testing a live viral vaccine for release, the virus titre
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Chapter 1.1.6. — Principles of veterinary vaccine production

must, as a rule, be sufficiently greater than that shown to be protective in the master seed
immunogenicity test in order to ensure that at any time prior to the expiry date, the titre will be at least
equal to that used in the immunogenicity test. Some control authorities specify higher bacterial or viral
content than these. It is evident that the appropriate release titre is primarily dependent on the required
potency and secondarily dependent on the rate of decay of the bacteria or viruses in the vaccine, as
indicated by the stability test.

Standard Requirements have been developed and published by competent authorities for potency
testing several vaccines. These tests can be found in CFR Title 9 part 113, in the European
Pharmacopoeia, and in this Terrestrial Manual.

3. Other tests

3.1.

3.2.

Tests on the finished product

Depending on the form of vaccine being produced, certain tests may be indicated and should be
provided as appropriate in the Outline of Production or other documentation of the manufacturing
process. These tests may concern: the level of moisture contained in desiccated/lyophilised products,
the level of residual inactivant in killed products, the complete inactivation of killed products, pH, the
level of preservatives and permitted antibiotics, physical stability of adjuvants, retention of vacuum in
desiccated/lyophilised products, and a general physical examination of the final vaccine. A loss of
potency may result when residual inactivating agent in a killed liquid product used as a diluent for a
desiccated/ lyophilised live fraction reduces the viability of the live organisms because of virucidal or
bactericidal activity. Each batch/serial of liquid killed vaccine that is to be used as a diluent for live
vaccines must, therefore, be tested for virucidal or bactericidal activity prior to release.

Tests for these purposes may also be found in CFR Title 9 part 113, in EU Directive 2001/82/EC (as
amended), in the European Pharmacopoeia, or in this Terrestrial Manual.

Tests on other products

3.2.1. Purity

Purity is determined by testing for a variety of contaminants. Tests to detect contaminants are
performed on master seeds, primary cells, master cell stocks (MCS), ingredients of animal
origin if not subjected to sterilisation (e.g. fetal bovine serum, bovine albumin, or trypsin).

Procedures used to ensure that fetal or calf serum and other ingredients of bovine origin are
free of pestiviruses should be of high concern and well documented. Tests to be used to ensure
purity vary with the nature of the product, and should be prescribed in the Outline of Production
or other documentation of the manufacturing process.

3.2.2. Tests for the detection of TSE agents

As tests for the detection of TSE agents in ingredients of animal origin have not been
developed, vaccine manufacturers should document in their Outlines of Production or SOPs the
measures they have implemented to minimise the risk of such contamination in ingredients of
animal origin. This relies on three principles: first, verification that sources of all ingredients of
animal origin in production facilities are from countries recognised as having the lowest possible
risk of bovine spongiform encephalopathy; second, that the tissues or other substances used
are themselves recognised as being of low or nil risk of containing TSE agents; third, where
relevant, that the processes applied to the material have been validated for inactivation of TSE
agents. Methods of production should also document the measures taken to prevent cross
contamination of low risk materials by higher risk materials during processing.

MARKET MONITORING

1. Performance monitoring

Marketing authorisation holders or manufacturers are required to maintain an adverse reaction notification system
and an effective mechanism for rapid product recall. These should both be subject to audit by regulatory bodies.
In many countries, the manufacturer must notify all adverse reactions immediately to the regulatory authority,
along with any remedial action taken. An alternative used in some countries is that if at any time, there are
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indications that raise questions regarding the purity, safety, potency, or efficacy of a product, or if it appears that
there may be a problem regarding the preparation, testing or distribution of a product, the manufacturer must
immediately notify the regulatory authorities concerning the circumstances and the action taken.

After release of a product, its performance under field conditions should continue to be monitored by competent
authorities and by the marketing authorisation holder/manufacturer itself. Consumer complaints may serve as one
source of information; however, such information needs to be investigated to determine whether the reported
observations are related to the use of the product. Users of veterinary vaccines should be informed of the proper
procedures for making their complaints. The manufacturer of the product should be informed of all complaints
received by competent authorities. Competent authorities should also ascertain whether they have received other
similar complaints for this product and, if so, whether the manufacturer has taken appropriate action. Control
laboratories may test samples of the batch/serial of product involved, if necessary.

Exporting countries and importing countries should ensure that marketing authorisation holders or manufacturers
establish a reliable system to monitor adverse reaction notification (vaccinovigilance, post-licensing monitoring) is
established to identify, at the earliest stage, any serious problems encountered from the use of veterinary
vaccines. Vaccinovigilance should be on-going and an integral part of all regulatory programmes for veterinary
vaccines, especially live vaccines. The marketing authorisation holder or manufacturer plays a big part in the
conduct of this continuous overall vaccinovigilance evaluation. When it is determined that a product has a quality
defect, immediate action should be taken to notify animal health authorities and to remove the product from the
market.

2. Enforcement

National programmes established to ensure the purity, safety, potency, and efficacy of veterinary vaccines must
have adequate legal authority to ensure compliance with product marketing authorisation conditions and other
programme requirements. The goal should be to obtain voluntary compliance with established regulatory
requirements. However, when violations occur, competent authorities must have adequate legal authority to
protect animal and human health. Authority for detention, seizure, and condemnation of products found to be
worthless, contaminated, dangerous, or harmful may be valuable for this purpose. Under such authority, product
may be detained for a period of time, and if during that time compliance cannot be achieved, competent
authorities may seek a court order or decree for seizure and condemnation.

The authority to remove or suspend establishment and/or product licenses, obtain injunctions, and stop the sale
of product is also needed. Civil penalties or criminal prosecution may also be necessary for serious or deliberate
violations.

INSPECTION OF PRODUCTION FACILITIES

Establishments that are approved to produce veterinary biologicals should be subject to in-depth inspections of
the entire premises by national competent authorities to ensure compliance with the Outline of Production and
blueprints and legends, SOPs, or other documentation of the manufacturing process. These inspections should
be carried out on a regular basis and should allow the assessment of the manufacturing sites with regards to
GMP standards.

These inspections may include such items as: personnel qualifications; record keeping; general sanitation and
laboratory standards; production procedures; operation of sterilisers, pasteurisers, incubators, and refrigerators;
filling, desiccating, and finishing procedures; care and control of animals; testing procedures; distribution and
marketing; and product destruction.

Details regarding the inspection of production facilities and requirements for inspectorates are described in
chapter 1.1.9.

FURTHER READING

The following are some suggested texts that contain guidelines on aspects of vaccine production.

CoDE OF FEDERAL REGULATIONS (OF THE UNITED STATES OF AMERICA) (CFR) (2000). Title 9, Parts 1-199. US
Government Printing Office, Washington DC, USA. http://www.gpo.gov/fdsys/pkg/CFR-2006-title9-vol1/pdf/CFR-
2006-title9-voll-chapl.pdf or ELECTRONIC CODE OF FEDERAL REGULATIONS, accessed at http://www.ecfr.gov/cgi-
bin/text-idx?SID=a96ece744f88b16cc39202d9cbc5bdaeé&tpl=/ecfrbrowse/Title09/9tab_02.tpl
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EUROPEAN PHARMACOPOEIA 7.0. (2012). European Directorate for the Quality of Medicines and Health Care
(EDQM), Council of Europe, Strasbourg, France.

EspEsSeTH D.A. (1993). Licensing Veterinary Biologics in the United States. The First Steps Towards an
International Harmonization of Veterinary Biologicals; and Free circulation of vaccines within the EEC. Dev. Biol.
Stand., 79, 17-25.

EsPESETH D.A. & GoobmaN J.B. (1993). Chapter 13. In: Licensing and Regulation in the USA. Vaccines for
Veterinary Application. Butterworth Heinemann, London, UK, 321-342.

EUROPEAN CommissioN (2006). The Rules Governing Medicinal Products in the European Union. Eudralex.
Volumes 1-9. European Commission Enterprise and Industry DG; Directorate F — Consumer goods. Latest
versions only available at http://pharmacos.eudra.org/F2/eudralex/index.htm.

Gay C.G. & RoTH H.J. (1994). Confirming the safety characteristics of recombinant vectors used in veterinary
medicine: a regulatory perspective. Recombinant vectors in vaccine development. Dev. Biol. Stand., 82, 93-105.

RoTH H.J. & GAY C.G. (1996). Specific safety requirements for products derived from biotechnology. In: Veterinary
Vaccinology, Pastoret P.-P., Blancou J., Vannier P. & Verschueren C., eds. Elseviers Science Publishers B.V.
Amsterdam, The Netherlands.

PASTORET P.P., BLANCOU J., VANNIER P. & VERSCHUEREN C., EDS (1997). Veterinary Vaccinology. Elsevier Science,
Amsterdam, The Netherlands.

PIC/S GUIDE AVAILABLE AT THE FOLLOWING ADDRESS: WWW.PICSCHEME.ORG

USDA-APHIS -VETERINARY SERVICES-CENTER FOR VETERINARY BIOLOGICS (1999). Categories of Inspection for
Licensed Veterinary BIO|OgICS Establishments. Veterinary Services Memorandum No. 800.91. Center for
Veterinary Biologics, 510 S. 17" Street, Suite 104, Ames, lowa 50010, USA.

USDA-APHIS-VETERINARY SERVICES-CENTER FOR VETERINARY BioLogics (1999). Veterinary Blologlcal Product
Samples. Veterinary Services Memorandum No. 800.59. Center for Veterinary Biologics, 510 S. 17" Street, Suite
104, Ames, lowa 50010, USA.

USDA-APHIS- VETERINARY SERVICES-CENTER FOR VETERINARY BioLocics (1995). Guidelines for Submission of
Materials |n Support of Licensure. Veterinary Biologics Memorandum No. 800.84. Center for Veterinary Biologics,
510 S. 17" Street, Suite 104, Ames, lowa 50010, USA.

USDA-APHIS-VETERINARY SERVICES-CENTER FOR VETERINARY BioLocics (1995). Veterinary Biologics General
Licensing Considerations No. 800.200, Efficacy Studies. USDA-APHIS-Veterinary Biologics, 4700 River Road,
Riverdale, Maryland 20737, USA.

USDA-APHIS-VETERINARY SERVICES-CENTER FOR VETERINARY BioLocics (1995). Veterinary Biologics General
Licensing Considerations No. 800.201, Back Passage Studies. Center for Veterinary Biologics, 510 S. 17" Street,
Suite 104, Ames, lowa 50010, USA.

USDA-APHIS-VETERINARY SERVICES (1964-1994). Standard Assay Methods, Series 100—900. National Veterinary
Services Laboratories, Ames, lowa 50010, USA.

USDA-APHIS- VETERINARY SERVICES-CENTER FOR VETERINARY BloLoGICS (1984). Basic License Requwements for
Applicants. Veterinary Biologics Memorandum No. 800.50. Center for Veterinary Biologics, 510 S. 17" Street,
Suite 104, Ames, lowa 50010, USA

USDA-APHIS-VETERINARY SERVICES-CENTER FOR VETERINARY BloLocics (1988). Guidelines for the Preparation and
Rewew of Labeling Materials. Veterinary Services Memorandum No. 800.54. Center for Veterinary Biologics, 510
S. 17" Street, Suite 104, Ames, lowa 50010, USA.

1 United States Department of Agriculture (USDA), Animal and Plant Health Inspection Services (APHIS). USDA-APHIS-
Center for Veterinary Biologics Home Page: http://www.aphis.usda.gov/vs/cvb/index.html
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APPENDIX 1.1.6.1.

RISK ANALYSIS FOR BIOLOGICALS
FOR VETERINARY USE

GENERAL CONSIDERATIONS

All products, including biologicals for veterinary use, derived from animals have some capacity to transmit animal
disease. The level of this capacity depends on the inherent nature of the products, their source, the treatment that
they might have undergone, and the purpose for which they are intended. Biologicals for in vivo use in particular
will have the highest probability of exposure to animals and as such present the highest risk. Products used for in
vitro purposes can introduce disease into animal populations through deliberate or inadvertent use in vivo,
contamination of other biologicals, or spread by other means. Even products for diagnosis and research have the
potential for close contact with animals. Exotic micro-organisms, some highly pathogenic, which may be held for
research and diagnostic purposes in countries free from infection or the diseases they cause, could possibly
contaminate other biological products.

Veterinary Authorities of importing countries shall make available specific procedural requirements for approval or
licensing of biologicals for veterinary use. They may limit supply to registered institutions or in vitro use or for non-
veterinary purposes where such assurance cannot be provided.

*

* *
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APPENDIX 1.1.6.2.

RISK ANALYSIS FOR VETERINARY VACCINES

INTRODUCTION

Risk analysis for veterinary vaccines has to be founded on the principles of quality assurance, which includes
quality control, in the production of veterinary vaccines. These recommendations are focused mainly on the risk
related to the contamination of vaccines by infectious agents particularly in regard to the risk of importing exotic
diseases. The major risk of introducing a disease into a country is through importation of live animals or animal
products and rarely through veterinary vaccines. Veterinary vaccines can however be contaminated by disease
agents if master seeds, strains, cell cultures, animals or ingredients of animal origin such as fetal calf serum used
in production are contaminated or if cross contamination occurs during the production process.

PRINCIPLES

Exporting countries and importing countries should agree on a system of classification of risks associated with
veterinary vaccines taking into account factors such as purification procedures which have been applied.

Exporting countries and importing countries should agree on risk analysis models to address specific issues and
products. Such risk analysis models should include a scientific risk assessment and formalised procedures for
making risk management recommendations and communicating risk. The regulation of veterinary vaccines should
include the use of either qualitative or quantitative models.

Risk analysis should be as objective and transparent as possible. Step risk and scenario tree methods should be
used in risk assessment whenever appropriate, as they identify the critical steps in the production and use of the
products where risks arise and help to characterise those risks.

The same conclusions about risk analysis may be reached by differing methods. Where methods may differ in
countries, the concept of equivalence should apply wherever possible and the methods should be validated to
ensure they are of comparable sensitivity.

MANUFACTURING PRACTICES

The manufacture of veterinary vaccines has special characteristics which should be taken into consideration when
implementing and assessing the quality assurance system. Due to the large number of animal species and related
pathogenic agents, the variety of products manufactured is very wide and the volume of manufacture is often low;
hence, work on a group basis is common. Moreover, because of the very nature of this manufacture (cultivation
steps, lack of terminal sterilisation, etc.), the products must be particularly well protected against contamination
and cross contamination. The environment must also be protected especially when the manufacture involves the
use of pathogenic or exotic biological agents and the worker must be particularly well-protected when the
manufacture involves the use of biological agents pathogenic to man.

These factors, together with the inherent variability of immunological products, means that the role of the quality
assurance system is of the utmost importance. It is important that vaccines should be manufactured in
accordance with a recognised codified system that includes specifications regarding equipment, premises,
qualification of personnel as well as quality assurance and regular inspections.

A commonly agreed system of facility inspection carried out by qualified and specialised inspectors must be in
place to assure confidence.
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INFORMATION TO BE SUBMITTED WHEN APPLYING
FOR REGISTRAHON-MARKETING AUTHORISATION IN THE IMPORTING
COUNTRY

The manufacturer or Veterinary Authority of the exporting country should make available to the importing country
the pharmacopoeia it uses. For the importing country it is necessary to have documented both the quality control
methods used and the source of each batch of starting materials. The key steps of the manufacturing process of
veterinary vaccines should be described in detail to help risk analysis. Risk analysis has to be focused on the
quality and safety parts of the application file. Laboratory safety testing should cover target and non-target
organisms to obtain sufficient biological data. All test procedures used should correspond with the state of
scientific knowledge at the time and should be validated.

The description of the method of preparation of the finished product should include an adequate characterisation
of the substances needed to prepare the working seeds, the description of the treatments applied to starting
materials to prevent contamination, and a statement of the stages of manufacture at which sampling is carried out
for process control tests.

The results of control tests during production and on finished product, as well as the sensitivity of these tests,
have to be available for risk analysis. The stepwise procedures of the control tests should also be available.

CATEGORISATION OF VETERINARY VACCINES

To assist in risk analysis, countries should establish a system of categorisation of veterinary vaccines taking into
account criteria such as pathogens used as active ingredients, their inherent characteristics and the risk they
pose.

In case of live vectored vaccines, the safety of the vector to the targeted and non-targeted species and to human
beings must be assessed. Special attention should be paid to potential tissue tropism or host range modification
of the recombinant.

VACCINOVIGILANCE

Exporting countries and importing countries should ensure that a reliable system of vaccinovigilance (post
licensing monitoring) is established to identify, at the earliest stage, any serious problems encountered from the
use of veterinary vaccines. Vaccinovigilance should be ongoing and an integral part of all regulatory programmes
for veterinary vaccines, especially live vaccines.

RISK COMMUNICATION

Reliable data in support of applications submitted in importing countries should be provided by the manufacturer
or the Veterinary Authority of the exporting country. Relevant data on risk analysis, changes in animal health
situations and vaccinovigilance should be shared by Veterinary Authorities on a continuous basis.
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This chapter has been extensively revised and updated. Although some portions
of the existing text have been incorporated, new text and deleted text have
not been marked, in the interest of clarity
NB: Last adopted by the World Assembly of Delegates of the OIE in May 2008

CHAPTER 1.1.10.

VACCINE BANKS

INTRODUCTION

Vaccination may be applied in a number of different circumstances and ways and with different
objectives, including the following:

1. Disposition of the animals:

a) vaccination to live strategy: vaccinated animals are allowed to live their productive life
unless they become infected.

b) suppressive or dampening down vaccination, the animals are vaccinated to reduce
or supress infectious agent transmission and then they are culled, whether or not they
become infected, when the resources for carcass disposal become available.

2. Types of vaccination:

a) Emergency vaccination: is one of several measures that may be deployed to control
outbreaks of disease as it provides a valuable adjunct to the application of the essential
zoosanitary measures. These measures include rapid diagnosis, tracing movements of
susceptible animals and potential vectors of the virus, movement controls and cleansing
and disinfection of contaminated premises and transport. The control measures may also
include the stamping out of infected and in-contact animals and the preventive slaughter
of animals at risk of being exposed to infected and in-contact animals.

The terms ‘emergency vaccine’ and ‘emergency vaccination’ can have different
connotations, but are usually applied to differentiate between routine, prophylactic
(preventive) vaccination against a known spectrum of disease agents and emergency
vaccination, the latter being applied as an immediate response to an outbreak of disease
caused by an agent previously not found in the territory.

b) Ring vaccination: outside of and around an outbreak of the disease to inhibit outward
spread.

c) Barrier vaccination: vaccination in an area along the border of an infected zone or
country to prevent the spread from the infected zone or country to the free zone or
country.

d) Blanket vaccination: Vaccination of the susceptible species in an entire country or
zone.
3. Other uses of emergency vaccination

a) Against an outbreak of disease in a country that does normally vaccinate but where
vaccine is applied to boost existing immunity.

b) Against an outbreak of disease in a country that does normally practice preventative
vaccination, but where the vaccine(s) employed do not provide protection against the
strain involved in the outbreak.

4. Criteria that determine the successful application of vaccination, particularly in emergency
situations include:

a) Rapid access to vaccines that:
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i) contain agent strain(s) of sufficient antigenic relatedness to the outbreak agent
strain(s);

i) are of the required type of vaccine formulation, for example in relation to host species
in the target population;

iii) have acceptable safety and potency, the standards being the requirements of the
OIE Terrestrial Manual.

b)  Appropriate availability, including quantity and immediacy of supply;
c) Meet considerations of cost;

d) Sufficient capacity and logistics to dispatch vaccines to the place of application, by strict
maintenance of the cold chain (when relevant), appropriate handling of unused quantities
of vaccines and documenting the vaccination campaign.

e) The evident need to hold strategic reserves, or banks, of such valuable commodities is
best exemplified by foot and mouth disease (FMD) vaccines. They are specified in
contingency plans for use in an FMD outbreak and have led to an increase in the
establishment of national and international FMD antigen and vaccine reserves for use all
over the world (Forman & Garland, 2002), providing assurance that appropriate vaccine
would be readily available and at the disposal of the country requiring it.

Emergency FMD vaccines may be formulated to a higher potency than their standard
potency counterparts and there are banks that stipulate a requirement of at least 6 PDg
(50% protective dose) per dose for cattle in contrast to the minimal statutory requirement
of 3 PDg. Higher potency can be achieved by simply increasing the antigen payload per
dose and its benefits can include rapidity, magnitude and duration of the protective
response or the partial compensation of a suboptimal match between the virus strain
contained in the vaccine and the strain circulating in the field. High potency vaccines
have been shown to induce protection within serotype against heterologous challenge in
FMD. However, standard potency vaccines may also be used in an emergency,
particularly when vaccine of appropriate strain composition is immediately available or
where revaccination might be desired in an already pre-immune population.

f)  The concept of vaccine banks, exemplified by FMD, and the increased reliance on such
banks is indicative of it being a very practical adjunct to other control measures using
vaccination that could usefully be adopted for a number of other diseases such as avian
influenza, African horse sickness bluetongue, classical swine fever, peste des petits
ruminants, rabies (for dog vaccination) and Rift Valley fever.

A. DEFINITION OF A VACCINE BANK

Strategic antigen or vaccine reserves, or vaccine banks as they are more commonly referred to, can be of
different types. They may hold (i) the antigen component, (ii) the final end product, a ready-to-use formulated
vaccine and/or (iii) be based on service contracts. Some vaccine banks are not based on antigen banks (e.g.
FMD and rabies).

Antigens have to be finished into vaccines before deployment, can be stored for a very long time at ultra-low
temperatures in the vapour phase of liquid nitrogen, and the vaccine formulation can be adjusted according to the
need. The antigen bank type has been more commonly adopted for foot and mouth disease (FMD) because of
the economic benefits, the possibility to combine core strains and optional strains for the formulation of different
vaccines (mono- or polyvalent vaccines, or changes of strains over time), and this strategy avoids constantly
replacing vaccines that exceed their shelf-life.

Ready-to-use vaccines can be deployed rapidly (for urgent deliveries), are stable for 1, 2 or 3 years depending on
the vaccines, stored in appropriate cold facilities, and have a fixed formulation.

Some vaccine banks also use more sophisticated mechanisms based on service contracts with selected
providers that include replenishment mechanisms and production on demand for non-urgent or planned
deliveries.
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Stockpiles of antigens, ready-to-use vaccines, or service contracts will be referred to as ‘banks’ in this chapter.

B. TYPES OF BANKS

A country may hold its own national bank and/or it may be part of a larger group of countries that share a bank
and either have predefined drawing rights, as exemplified by the North American FMD bank, or a mechanism to
determine these drawing ‘rights ad-hoc as in the European Union (FMD antigen and vaccine bank). Such regional
consortia may share a common geographical region, or have similar disease status and approach to control the
disease. The bank may be held on the territory of one or several of its members or be retained by the
manufacturer, and, if held as antigen, would be formulated for use either by the manufacturer, or in a dedicated
facility maintained by the bank members. However licensing authorities demand that independent manufacturing
facilities meet the same standard as the commercial vaccines for vaccines used in food producing animals in an
emergency vaccination to live scenario.

With the financial support of donors, in the context of international aid, or with the use of more sophisticated
financial mechanisms (trust funds or co-funding) an international organisation (regional or global, including the
OIE) may manage regional or global antigen and vaccine banks retained by the manufacturers selected through
specific international calls for tenders. Eligibility criteria are defined as well as guidelines for use of the regional
and global antigen/vaccine banks (drawing rights) by eligible countries. Depending on the diseases this may
include (i) antigens that have to be finished into vaccines before deployment, (ii) ready-to-use vaccines that can
be deployed rapidly and/or (iii) vaccines produced and delivered on demand (planned deliveries). Such
mechanisms can be used (i) to save on cost (economy of scale), (ii) to facilitate the delivery of determined
quantities, including small quantities, of high quality vaccines complying with international standards, the
standards being the requirements of the OIE Terrestrial Manual, (iii) to reduce the risks associated to the storage
of vaccines, or (iv) to facilitate the implementation of regional or global control strategies with vaccination. Specific
financial mechanisms can also allow countries to reimburse or to purchase directly from such banks.

In the case of an antigen bank, when using a service contract, a contract between the authorities and the selected
vaccine manufacturer (formulation and filling) has to define clearly the details of formulation of the vaccine, e.g.
time between reception of order and delivery, availability of buffers and vials, import permits, transportation,
appropriate cold chain, vaccine labels and inserts, etc.

The location of stored antigens is of vital importance since the need to formulate vaccine may require antigen to
be returned from the storage site to the original manufacturer, incurring a delay in supply. Even if the antigens are
held by the commercial sector, delay following a request for the supply of emergency vaccine might still occur if
the manufacturer is currently in the middle of production of a product. For example the time to produce the
vaccine should be about 48-72 hours for FMD vaccine. Delays in the production and despatch of emergency
vaccine to control an outbreak may lead to wider spread of the disease and further difficulty in its control.
Therefore the decision to resort to emergency vaccination should not be delayed. Tried-and- proven contingency
plans should envisage the organisation of a vaccination campaign at an early stage of the disease evolution. In
addition the storage of antigens has the advantage that a large part of the necessary testing on those antigens
can be carried out during the storage period.

Formulated and ready-to-use vaccines allow for immediate access and rapid delivery. On the other hand this also
constitutes a stockpile of vaccines with a determined shelf life (expiry date). Replenishment mechanisms allow for
the availability of ready-to-use vaccines with long shelf life and may also give an opportunity to adapt the strains
(use of different antigens). However, storage can be organised as a surplus quantity of vaccines arising from
routine vaccination campaigns taking advantage of the flexibility within the shelf life established by the
manufacturer and the licensing authorities.

The economic benefits of regional (or global) vaccine banks are obvious. As they often use international tenders
for procurement, they also provide the potential to deliver greater numbers of doses at a lower cost (economy of
scale) and a wider number of vaccine strains. Furthermore, they reduce the number of procurement mechanisms,
the fixed costs, the problem of deciding on the introduction of narrow spectrum vaccine strains. Collaboration
between vaccine banks and international organisations would also be an economic way of increasing the amount
of emergency vaccines available. Care would be required to ensure that collaborating vaccine banks and
international organisations operate to the same standards, that drawing rights were clearly defined, and that
regular contact is maintained between vaccine banks and international organisations to confirm the safety,
efficacy and availability of the vaccines. In the case of shared banks, issues related to regulatory compliance
would also need to be addressed at an early stage to ensure that vaccine produced from the bank would be
authorised for use in any of the participating countries.

The vaccine banks often hold physical stocks of antigens or vaccines. It is also possible to establish virtual
vaccine banks based on contractual relationships (service contracts) between the bank holder and manufacturers
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operating any of the above solutions, with clear obligations, price limits, maximum delays for delivery and severe
contractual penalties in case of failure.

C. SELECTION OF VACCINES FOR A BANK

Depending on the disease targeted and the likely contingency requirements, a range of vaccine strains may be
required. Disease control authorities in consultation with the vaccine bank administrators and relevant reference
laboratories must decide upon the vaccine strains that should be held and on what basis they should be stored
(i.e. as a separate antigen component for subsequent formulation, as a ready-to-use formulation or mechanisms
of production on demand). The value of any vaccine bank is very much dependent upon the appropriateness of
what it holds for field application, particularly in respect to diseases that have several serotypes and exhibit wider
strain variation in their antigenic characteristics. The potential for an outbreak not adequately covered by a
banked vaccine must be alleviated by continuous monitoring of the global disease situation, supported by
laboratory genetic and antigenic characterisation facilitated by Reference Laboratories, and recognition that
additional vaccine strains may need to be included in the banks’ portfolio or, in the case where no suitable
vaccine strain is available, developed speedily for subsequent inclusion.

The world as an interdependent community that encompasses rapid and extensive movement of people, animals
and animal products, and the increasing awareness of the potential to deliberately introduce disease through bio-
terrorism, heightens the risk of an incursion and makes prediction of specific threat difficult. To improve the
process of vaccine selection, a continuous exchange of information and increased co-operation and collaboration
between different international, regional and national laboratories, the vaccine/antigen banks, and national,
regional, international authorities should be encouraged as well as mechanisms for consultation with vaccine
manufacturers. Risk analysis studies should be done to classify the virus strains to be stored with the priority level
of high, medium and low. Close liaison with national and international reference laboratories is therefore
recommended as some laboratories already provide periodic recommendations on strains that should be
included, for example in FMD antigen banks. In the context of the risk of bioterrorism, disease control authorities
may consider it pertinent to restrict the information released relating to the storage of specific stockpiles of
antigens and/or vaccines.

D. QUANTITIES OF VACCINE REQUIRED IN A BANK

The decision as to how many doses of vaccine are required is complex and problematic, embracing questions of
serotypes, strains, use of mono or polyvalent vaccines, and type of formulation. Factors bearing on the decision
include the type of disease, the different circumstances and ways of applying vaccination, including emergency
vaccination, as described in the introduction, storage facilities available, number, species and location of livestock
that are to be protected, geographical considerations, knowledge of the current and predicted global
epidemiological situation, and the analyses of risks of introduction and spread of disease, together with cost—
benefit studies. In determining the supply of emergency vaccines, decisions on the quantity of the product
inevitably involve a compromise between the fixed cost of the maintenance of the antigen/vaccine bank, cost of
purchase, storage and replacement, cold chain capacities of the beneficiaries and the likely number of doses
required.

The minimum vaccine requirement might therefore be based on the number of doses that could be distributed and
applied in the first week of vaccination, the expectation being that additional supplies could by then have been
procured, either from other banks or from commercial sources. For example, 500,000 bovine doses of different
FMD vaccine strains were routinely maintained by an international FMD vaccine bank, and withdrawing rights by
member countries, which were widely dispersed over the globe, varied from 100,000 to 500,000 bovine doses.
Nevertheless, this would soon be exhausted if used in an area of high livestock density. For example, the EU
antigen bank serving its Member States with densely populated livestock areas requires a minimum of 2 million
vaccine equivalent cattle doses of each of the antigens stored.

When relevant, this can also be balanced with a repartition between antigens (core strains and optional strains),
and ready-to-use vaccines (for rapid deliveries). For example, the OIE antigen and vaccine bank for FMD in
South-East Asia (initially funded by the European Union) started operations with 800,000 vaccine equivalent cattle
doses for each of the main antigens stored (five core strains in total) and 500,000 vaccine equivalent cattle doses
for each of the optional strains (six in total). In this case, most vaccines are produced on demand. The use of
specific mechanisms for regional FMD antigen/vaccine banks allows the strains to be adapted (antigens, ready-
to-use vaccines and vaccines formulated on demand) to the strains circulating in the eligible countries of the
region concerned or to which these countries may be exposed.
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In some other cases the physical stock of ready-to-use vaccines to set up the vaccine bank can be reduced to
limit the initial fixed cost, to limit storage risks and to ask the selected manufacturer to produce vaccines mainly on
demand (while protecting a long period of validity of the vaccines delivered).

E. ACQUISITION OF ANTIGENS OR VACCINES FOR A BANK

According to the type of bank and the disease concerned, the acquisition of the appropriate vaccine(s) or
antigen(s) will depend on whether they are available from the commercial sector or government institutions or
produced in-house.

Regulatory concerns on existing, or potential, immunological veterinary medicinal products (IVMPs) and the
advisability to use approved, authorised medicines, will predispose a bank to acquire, or maintain, its vaccines
and antigens selectively. It is recommended that appropriately licensed manufacturers that have the necessary
Marketing Authorisation (MA) and internationally accepted standards of Good Manufacturing Practice (GMP),
Quality Assurance (QA) and Qualified Person (QP) product release should be used as authorised sources. It is
recommended that the vaccine supplier be in possession of a valid official certificate of Good Manufacturing
Practice provided by relevant official national authorities, and be able to demonstrate compliance with relevant
standards laid down in the OIE Terrestrial Manual.

This has certainly been exemplified in recent years by FMD, PPR and rabies vaccine banks in which there has
been a strong legal necessity for purchasing and holding antigens/vaccines within the commercial manufacturing
sector.

Disease control authorities should consider the option of using international calls for tenders for antigens/vaccine
with more than one supplier, particularly where regulatory considerations are of paramount importance. They may
wish to seek advice from appropriate official licensing authorities on the necessary standards required. Requests
for tenders can then ensure not only a competitive price but a veterinary medicinal product manufactured to an
acceptable level of quality, the standards being those set out in this OIE Terrestrial Manual, an ultimate
precondition for recognition of official national control programmes or for determination of the official status as
regards FMD or PPR. It is recommended that the selection process of suppliers is not solely focused on the
lowest bidder principle but also takes into consideration technical and quality criteria as well as delivery
capacities. It should consider suppliers that can produce the desired vaccines/antigens and dose amounts within
a specified time period that meet necessary, or indeed mandatory, tests of compliance such as safety and
efficacy.

Where the requirement is to hold antigens/vaccines at a site other than at the principal site of manufacture,
disease control authorities may wish to consider only accepting them after they have been shown to have passed
the necessary acceptance testing procedures such as safety and/or efficacy. Alternatively, if the antigen/vaccine
has to be located in the bank prior to completion of any acceptance testing, then the antigen/vaccine should be
stored apart and labelled as quarantined material until the testing shows full compliance to the vaccine banks
requirements.

F. REGULATORY STANDARDS - SAFETY, EFFICACY AND QUALITY

Regulatory requirements for a veterinary medicinal product must be considered by any country wishing to have
the necessary authorisation to use vaccine in an outbreak situation. For example, all veterinary medicinal
products that are placed on the market in the European Union (EU) must hold a marketing authorisation and the
EU lays down the requirements for such authorisations. The EU also has emergency provisions that permit, under
certain conditions, the release of a vaccine without an authorisation in the country requiring it. The North
American countries also have this emergency provision in their legislation, which allows the animal health
authorities to exempt biological products from some requirements if they a