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GLOSSARY

The definitions of terms mentioned in the glossary are from the International Vocabulary in Metrology
(VIM)(1), the International Organization for Standardization (ISO){(2), the International Union of Pure and
Applied Chemistry (IUPAC) (3) and the Dictionary of Epidemiology (4). The definitions in VIM were given
highest authority.

Accuracy (of measurement) (analytical accuracy)

Closeness of the agreement between the result of a measurement and a true value of the measurand (= analyte)
(VIM, 3.5:1993).

NOTE 1: Accuracy is a qualitative concept.
NOTE 2; The term precision should not be used for “accuracy”.

Accreditation

Procedure by which an authoritative body gives formal recognition that a body or person is competent to carry
out specific tests.(ISO/IEC 58, 3.2: 1993).

NOTE: Accreditation does not by itself qualify the laboratory to approve any particular product. However,
accreditation may be relevant to approval or certification authorities when they decide, whether or not
to accept data produced by a given laboratory in connection with their own activities.

Bias (of a measuring instrument)

Systematic error of the indication of a measuring instrument (VIM 5.25:1993).

NOTE: The bias of an instrument is normally estimated by averaging the error of indication over an
appropriate number of repeated measurements.

Calibrator
Reference material used for calibration.
External quality assessment (laboratory proficiency testing, proficiency testing)

Determination of laboratory testing performance by means of inter-laboratory comparisons (ISO/IEC Guide 43,
part 1, 3.6:1996).

NOTE: The term “external quality assessment” (EQA) is sometimes preferred if proficiency testing is thought
to convey an unintended impression of an official regulatory function.

Imprecision (imprecision of measurement)

Dispersion of independent results of measurements obtained under specified conditions (ISO 3534-1, 3.14:1993).

NOTE I: Imprecision of measurements, when applied to sets of results, depends solely on the dispersion of
random error of measurement and does not relate to a true value of the measurable quantity.

NOTE 2: Imprecision is the inverse of precision of measurements.

Limit of detection

Lowest result of a measurement by a given measurement procedure that can be accepted with a stated level of
confidence as being different from the value of the quantity obtained on blank material (IUPAC 1978).
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Precision (precision of measurement)

The closeness of agreement between independent test results obtained under stipulated conditions (ISO 3534-1,
3.14:1993).

NOTE 1: Precision depends only on the distribution of random errors and does not relate to the true value or the
specified value.

NOTE 2: The measure of precision usually is expressed in terms of imprecision and computed as a standard
deviation of the test results. Less precision is reflected by a larger standard deviation.

NOTE 3: “Independent test results” means results obtained in a manner not influenced by any previous result on
the same or similar test object. Quantitative measures of precision depend critically on the stipulated
conditions. Repeatability and reproducibility are specific sets of extreme stipulated conditions.

/
Quality assurance

All those planned and systematic actions necessary to provide adequate confidence that a product, process or
service will satisfy requirements for quality (ISO 8402, 23.5:1994)

Quality assessment

Systematic examination of the extent to which an entity is capable of fulfilling specified requirements (ISO 8402.

4.6: 1994)

Quality control

Operational techniques and activities that are used to fulfill requirements quality for quality
(IS, 8402, 3.4:1994). :

NOTE: Quality control involves operational techniques and activities both at monitoring a process and at
eliminating causes of unsatisfactory performance at all stages of the quality loop in order to achieve
economic effectiveness

Repeatability, repeatability of results of measurements

Closeness of the agreement between the results of the successive measurements of the same measurand carried
out under the same conditions of measurement (VIM, 3.6:1993).

Reproducibility, reproducibility of results of measurement

Closeness of the agreement between the results of measurements of the same measurand carried out under
changed conditions of measurement (VIM, 3.7:1993).

NOTE 1: A valid statement of reproducibility requires specification of the conditions changed.
NOTE 2: The changed conditions may include: principle of measurement - method of measurement - observer -
measuring instrument - reference standard - location conditions of use - time.

Sensitivity, analytical

Change in response of a measuring, instrument divided by the corresponding change of the stimulus (VIM
5.10:1993).

NOTE 1: The sensitivity may depend on the value of the stimulus.
NOTE 2: The term analytical sensitivity shall not be used as a synonym for limit of detection.

Sensitivity, nosographical (nosological sensitivity)

Proportion of truly diseased persons in the screened population who are identified as diseased by the screening
test. Sensitivity is a measure of the probability of correctly diagnosing a case, on the probability that any given
case will be identified by the test (Dictionary of Epidemiology, 1995).
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Specificity, analytical

Ability of a measurement procedure to determine solely the measurable quantity of the analyte it purports to
measure (prEN 12286, 3.8:1997).

NOTE: The analytical specificity is usually expressed in terms of unspecificity, that is the effect of any
component of the sample other than the analyte causing an indication of the measuring instrument and
thereby introducing a systematic error of measurement.

Specificity, nosographical (nosological specificity)

Proportion of truly non-diseased persons who are identified by the screening test. Specificity is a measure of the
probability of correctly diagnosing a non-diseased person with a screening test (Dictionary of Epidemiology,
1995).

Standard (measurement standard)

Material measure, measuring instrument, reference material or measuring system intended to define, realize,
conserve or reproduce a unit or one or more values of a quantity to serve as a reference:
Example:
a. 1 Kg mass standard
b. Standard hydrogen electrode
c. Reference solution of cortisol in human serum having a certified concentration
(VIM 6.1, 1994) ‘

NOTE 1: A set of similar material measures or measuring instruments that through their combined use
constitutes a standard, is called collective standard.

NOTE 2: A set of standards of chosen values that individually or in combination provides a series of values of
quantities of the same kind is called a group standard.

True value (of quality)
Value consistent with the definition of a particular quantity (VIM 1.19:1993).

NOTE 1: This is a value that would be obtained by perfect measurement.

NOTE 2: True values are by nature indeterminate.

NOTE 3: The indefinite article “‘a” rather than the definite article “the” is used in conjunction with “true value”,
because there may be many values consistent with the definition of a given particular quantity.

True value, conventional (assigned value)
Value attributed to a particular quantity and accepted, sometimes by convention, as having an uncertainty
appropriate for a given purpose (VIM 1.20:1993).

NOTE 1: Conventional true value is sometimes called “assigned value”, “best estimate of the value”,
“conventional value” or “reference value”. The “reference value” in this sense should not be confused
with biological reference value.

NOTE 2: Frequently, the average of a number of results of measurements of a quantity is used as a conventional
true value.

Uncertainty (of measurement)

Parameter, associated with the result of a measurement, that characterizes the dispersion of the values that could

be reasonably attributed to the measurand (VIM, 3.9:1993).

NOTE 1: The parameter may be, for example, a standard deviation (or a given multiple of it), or the half-width
of an interval having a stated level of confidence.

NOTE 2: Uncertainty of measurement comprises, in general, many components. Some of these components may
be evaluated from the statistical distribution of the results of series of measurements and can be
characterized by experimental standard deviations. The other components, which can also be
characterized by standard deviations, are evaluated from assumed probability distributions based on
experience or other information.

NOTE 3: It is understood that the result of the measurement is the best estimate of the value of the measurand,
and that all components of uncertainty, including those arising from systematic
effects, such as components associated with corrections and reference standards, contribute to
the dispersion.
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1. INTRODUCTION

Following the introduction of quality assurance programmes in some countries, where
external quality assessment schemes have been established, problems have arisen in the concepts
and the objectives of the schemes. The majority of schemes have been organized by university
laboratories or central government laboratories which purchase quality control materials abroad
and issue reports on surveys. Often, the organizing centres of EQA schemes have no direct link to
participating laboratories and therefore do not recommend corrective actions when these are
indicated. Some centres that participated in international external quality assessment schemes
with the aim to establish a national scheme, had little impact on the improvement of performance
of laboratory services in their country because of their lack of experience in organizing a
national external quality assessment scheme (NEQAS).

The implementation of a quality assurance policy in a developing country requires a
commitment from the government, the professional societies and the laboratory workers. It is
important to recognize that a policy towards improving health care should include an external
surveillance system for health laboratories. The concept of external quality assurance for the
national health laboratories network is useful, as it identifies problems in the comparability of
laboratory results and initiates a process towards solving these problems thus improving the
quality of service at the level of each individual laboratory and the network level (5). EQA
schemes are effective means for the harmonization of laboratory analysis and for post-marketing
surveillance of laboratory equipment and reagents. An EQA scheme will have the greatest impact
when it is linked to a quality assurance programme, which also includes internal quality control as
an equally important component. EQA scheme organizers can provide useful information to their
participants as well as to policy makers and providers in the laboratory sector. This obliges them
to a prudent management of their surveillance system. They are expected to judge from a neutral
position according to scientifically and statistically acceptable criteria.

Fundamental aspects on external quality assessment are discussed in a publication of the
International Federation of Clinical Chemistry (5). Following the demand of developing countries
for practical advice WHO in collaboration with the International Committee for the
Standardisation in Haematology (ICSH) prepared the document, which describes strategic,
managerial, financial, technical and scientific aspects that should be considered in the
establishment of external quality assessment schemes for health laboratory services working at all
levels. The document “Requirements and Guidance for External Quality Assessment Schemes for
Health Laboratories” provides information on the organization and maintenance of an EQA
scheme and of the consequences when different principles of assessment are applied. It would be
beyond the scope of this document to include a discussion on internal quality control, which has
been outlined in other documents (7-9). The target audience of the document are health authorities
and organizing centres that have a responsibility in the establishment and maintenance of a

"national laboratory quality assurance programme.

Potential organizing centres will realize that the organization of an external quality
assessment scheme is a technica! process that includes a number of interacting elements. It is
obvious that the implementation of all elements that are menticned in the document, will be
accomplished in the final stage of the organization of an EQA scheme. The reader should not be
deterred, but should make a start on a small scale. A simple training programme that shall help
newcomers to gain confidence, is described Appendix I.
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2.

STRATEGIES FOR THE ESTABLISHMENT OF EQA SCHEMES

2.1 Objectives of EQA schemes

An EQA scheme provides surveys at regular intervals, in which identical material, or in
some instances similar material, is distributed to participating laboratories, who determine
specified analytes using a variety of routine analytical methods. The survey may also include an
assessment of the ability of laboratories to validate the clinical relevance of their observations. A
number of EQA schemes aim at improving the performance of laboratories by ways of educatlon
metrological recommendations and standardization.

The objectives of EQA schemes for health laboratories are as follows:

1. Raising an awareness towards possible deficiencies in laboratory practice and guiding
participants in corrective action towards improvement.

2. Collecting information on performance of measurement principles in order to guide
professionals and/or government bodies towards achieving harmonization.

3. Collecting information on the reliability characteristics of particular methods, materials
and equipment and taking corrective actions as appropriate.

4. Identifying laboratories of excellent performance for their involvement in training and
education. .

5. Collecting information for the purpose of licensing or accreditation of laboratories.

6. Assessing and monitoring the impact of training.

Surveys give the organizing centre means to assess the performance of an analytical
system, the performance of individual laboratories, and a group of laboratories as a whole. This
evaluation requires a statistically sufficient number of results on clinically relevant samples from
the participants. Quality control materials that challenge the specificity of a method must be
included to study feasibility of a particular diagnostic test; however, such materials should not be
used for the assessment of laboratory performance.

2.2 Strategies

The most convenient strategy for developing countries is the central organization of a
national EQA scheme. The scheme should be organized by the government or mandated by the
government to an organizing centre shall survey laboratories in the public and private sector. The
organizing centre must be independent and have a long lasting interest in supporting laboratories
to improve their performance. Participation of laboratories of the public sector in an EQA scheme
may be voluntary or obligatory, and private laboratories should be encouraged to joinona
voluntary basis, they are obliged by a government decree to participate in the scheme. The central
public health laboratories (which may have names in different countries) are generally in the
appropriate position to undertake the organization and to be responsible for the provision of
quality control materials to all laboratory disciplines.

In some countries a hierarchical structure of an EQA scheme with a delegation of
responsibility and supervision to regional laboratories may be more appropriate. This includes the
distribution of quality control materials that are provided by the organizing centre, the supervision
of peripheral laboratories, education and training and resolving problems that were identified in a
survey. The organizing centre must prepare a detailed report on the observations that were made -
in a survey, for each regional laboratory. The report should include specific recommendations
for peripheral laboratories. The recommendations should be followed up by a special team as
appropriate. The organization of such a scheme requires confidential sharing of information and
preparatory training of the personnel at different levels.

In a decentralized organization, independent groups, such as national or international
professional societies, companies or individuals may be responsible for EQA schemes in different
laboratory disciplines. Occasionally the schemes overlap; for example surveys in immuno
chemistry may be schemes for biochemistry or immunology. A decentralized organization is
usually more expensive, although it may have advantages under certain geographical and/or infra
structural conditions. However, such a system is not recommended for developing countries
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where the limited resources that are available, must be spent with care, and where the professional
sector is not well organized.

In some developed countries the role of the EQA scheme organizing centre is limited to an
office that distributes quality control materials and summary reports on the results of surveys.
Such a system has often failed in developing countries because of the lack of close
communication with the participants who need practical advice, as well as high costs for the
quality control materials that are purchased by the organizer.

During the first phase of implementation of an EQA scheme, laboratories in the vicinity of
the organizing centre and laboratories with a high daily work load should be involved. ‘Analytes
that have the most critical impact on therapy or on epidemiological surveillance should be
included in the survey. The scheme should be gradually extended to peripheral laboratories and
more analytes should be added to the list, after experience in management has been gained.

Quality control materials may be purchased or be locally prepared. Local preparation of
quality control material is an effective means for the motivation of the personnel of the organizing
centre of EQA schemes. Moreover, the experience gained from the production of quality control
materials will provide a better understanding of problems that may occur in other laboratories.

An EQA scheme provides an objective means for monitoring the performance of
analytical instruments and reagents used by laboratories under routine conditions. Thus, the
organizing centre may advise on the selection and maintenance of equipment and the provision of
reagents to laboratories in the public sector. '

Communication at different levels is the basis for the success of a programme. The
organizing centre of an EQA scheme should maintain communication with various groups:

- national and international experts;
- professional societies for the elaboration of a protocol of an EQA scheme, the health
authorities
responsible for laboratory services at the Ministry;
- companies providing laboratory materials and reagents.

2.3 Situation analysis

A situation analysis of laboratory services is the basis for the planning and implementation
of an effective strategy of an EQA scheme in a developing country. The assessment should
include the following: '

- The number of laboratories and their location;

- The type of laboratory (clinical or public health) and their function (regional, provincial or
peripheral). It may be necessary to define their role in the epidemiological surveillance of
diseases;

- Essential installations in laboratories (power supply, water supply, distilled water supply,
drainage, waste disposal;

- The principle of investigation and procedures of measurement;

- The type of laboratory analyses that are made in the various disciplines (clinical chemistry,
haematology, bacteriology, parasitology, serology, food and water analysis), the number of
tests performed per year, the laboratory techniques and the frequency of their use;

- The inventory and state of performance and maintenance of laboratory equipment;

- The calibrators and control materials and their supply;

- The number of technical and medical professionals working in laboratories;

- Financial aspects for the provision of the health laboratory service;

- The supply system.
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3.

RESPONSIBILITY OF ORGANIZING CENTRES AND PARTICIPANTS

3.1 The organizing centre

The organizing centre of an EQA scheme should have professionals with knowledge and
practical experience in the quality assessment of health laboratories, as evidenced from their
qualifications and curricula. The organizing centre is expected to establish communication with
technical experts and participants in the EQA schemes and be responsible for the notices,
organization and appropriate management of surveys and the timely evaluation of the reports from
the participants. The responsibilities are the following:

- Planning a sufficient number of surveys during a given period, but not less than two
surveys per year. Schemes intended for assessing the precision of measurement by the
participants require more frequent surveys than schemes that assess only the accuracy of
measurement.

- Selection of quality control materials for distribution in the surveys. The quality of the
control materials must be known prior to their use in the surveys, and it is the
responsibility of the organizing centre to control their appropriateness, including their
traceability, homogeneity and stability.

- Defining the number of specimens to be provided for each survey. When more than one

specimen is included in a survey, the analytes to be measured in the specimen should have
different concentrations or the specimens should have other characteristics where possible
(unless duplicate specimens are included for particular reasons).

- Sending out the specimens under conditions that avoid deterioration during transportation
and with accompanying instructions and observations by the participants.

- Assessing all observations reported by the participants within the time date limits
indicated on the accompanying form. The organizer must analyse the reports of the
participants, comparing the results with the target values that were determined by a
measurement procedure of highest metrological order, a reference procedure or by a
specified method dependent procedure or with the mean or median of all measurements, as
statistically applicable.

- Defining the limits of acceptability of results obtained from the participants according to
agreed standards of performance.  The centre must provide a report of the assessment of
results confidentially to each individual participant within a given period.

- Ensuring that the individual results of the assessment remain confidential and that the
presentation of the results of a survey ensure the confidentiality for the individual
participants.

- Studying the problem of laboratories that show unsatisfactory performance and guiding
the participants. Remedial action may include the arrangement of workshops and refresher
training courses. The organizing centre may also make recommendations to the central”
laboratory administration to provide approprlatc staff as well as essential supplies and
equipment to the laboratories.

- Establishing a committee of experts to advise on scientific and organizational aspects of
the surveys and on the impact on laboratory improvement.

The organizing centre should itself be part of a wider international external quality
assessment scheme to ensure it performs to the required standards.

3.2 The participant

It is important to have a written agreement or confirmed commitment of the participant to
the scheme. The commitment should also be known to the Central Laboratory Administration.
Laboratories fail to participate in the scheme if the exercise is purely voluntary and there are no
consequences for non-participation.
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The participation of a laboratory in an EQA scheme makes it mandatory that the laboratory
reports the results of each survey to the organizer. The participant must to handle survey
materials for measurement in the same way as the samples that are routinely measured. The
participant must indicate by his signature of the report that the investigations were made in his
own laboratory and with the method or methods as indicated in the report.

The participant should report the results together with the conditions of measurement (e.g.
at a given temperature) rather than recalculated results to meet a specific condition which may not
be their routine practice. This avoids the reporting of results that may have been miscalculated.
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4.

STRUCTURE OF EQA SCHEME ORGANIZING CENTRE

The chapter describes the structure of an organizing centre, which may be responsible for
EQA schemes in one or more disciplines. It may also function as an independent institution under
national regulations that demand statutes of the centre. The information shall serve as guidance
rather than as a recommendation for the planning of an organizing centre. In practice, the local
environment, the financial resources and the qualification of staff will set certain limits to an
organizing centre. In smaller organizing centres, various functions may be undertaken by a few
personnel. Under certain conditions it may also be more efficient to delegate functions to offices
and professionals, who administratively do not belong to the organizing centre. ‘

In countries with a well developed infrastructure, quality control materials are supplied
from industry rather than locally prepared by the organizing centre. The conditions in developing
countries, however, may necessitate a local preparation of the materials, and the EQA scheme
organizing centre will have to consider this aspect in its structure.

4.1 Statutes
The centre must have written statutes that include the following information:

- requirements that the centre shall provide an external quality assessment system through
regular surveys to interested parties (hospital laboratories, public and/or private
laboratories, blood banks, etc.); :

- the juridical identity, integrity and impartiality of the EQA scheme organizing centre must
be clearly indicated;

- the structure of the centre should be outlined by a diagram,;

- the scheme shall be not-for-profit;

- the centre shall have the policy that information to the participants of an EQA scheme is
provided under confidentiality;

- it should be stated that the results of surveys are used for educational purposes and
distributed for continued information to improve laboratory services.

The ISO Guide 43 proposes a general framework for the structure of an EQA scheme
organizing centre (10).

4.2 Structure
The EQA scheme organizing centre should have a transparent structure. An example of

the structure of an organizing centre is shown in the following chart indicating the various
sections and their responsibilities.

Structure of an EQA Scheme Organizing Centre

Expert > DIRECTOR
Committee <

Administration Reagent Packaging Data Collection
& Logistics Production & Mailing & Evaluation

Internal Quality control
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4.3 Personnel

The number and qualifications of staff will depend on the planned activities and the size of
the centre. The following skills and functions may be required:

- Statistician and computer expert

- Scheme coordinators

- Administration and logistics officer

- In-house quality officer and professionals of a specific laboratory discipline
(- Professional for preparation of quality control materials)

Each person must have a detailed job description (an example is given in Appendix II)
Each person must have a deputy to take on his responsibility in the case of absence
Continuous education of the personnel must be organized

In addition, experts for each laboratory discipline must be designated as advisers. They
constitute the expert committee that may be consulted by the participants as well as by the EQA
scheme organizer.

4.4 Room facilities
Space is required for the following:

- Laboratory facilities to prepare and validate quality control samples (if necessary)

- Secretary office (with telephone, fax, e-mail and copier facilities)

- Section to prepare the packages

- Stock rooms with possible refrigeration (+4 °C, -20 °C) for quality control materials
- Area for data collection and evaluation

- Archives

Possible liaison with post office, airport, etc. must be considered.

All rooms must be restricted to authorized people to avoid any collusion or break in the
confidentiality chain.

4.5 Equipment

Equipment must be adequate and sufficient to prepare the surveys. In particular,
equipment should include:

Laboratory equipment:

- Biological safety cabinet)

- Refrigerator

- Deep freezer (-20°C and possibly -80°C)
- Precision balance

- Pipettes and dispenser

- Microscope

- pH metre

- Glassware

Equipment for preparation of quality control materials:
- Titration system

- Lyophilisers and desiccators

- Filling device (with closer crimps)

- Water purification system

- Dish washer

- Sterile filtration system

- Autoclave
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Data processing:

Server with appropriate programmes
Work stations

Data storage

Printer

Logistics:

Telephone

Fax machine (e-mail)
Copier

Postage facility




WHO/DIL/LAB/99.2
Page 9

PLANNING AND ORGANIZATION OF SURVEYS

A centre may organize schemes for one or more disciplines, e.g. clinical chemistry,
haematology, microbiology, etc. The preparation, distribution and testing of one or more
specimens and the analysis of results of a test or groups of tests from a number of laboratories
within a defined period of time will be considered as a survey.

5.1 Initial planning

A situation analysis in consultation with health authorities and laboratory directors and
possibly experience from preliminary trials, should be available to assist in determining:

analytes to be included

frequency of distributions

specimen material and number of specimens per distribution
concentrations of analytes

particular aspects of the test(s) that require investigation

A scheme should include at least two, and preferably four surveys per year that include
one or more tests. Surveys should be implemented initially with a small number of more
frequently tested analytes, e.g. creatinine, potassium, glucose. The nurnber of constituents and
their complexity may be progressively increased in subsequent surveys.

5.2 Schedules

It is advisable that the planning the annual schedule covering all surveys starts at least six
months prior to the first survey. Consideration should be given to factors such as:

- public holidays
- vacation patterns
- factors influencing distribution, e.g. weather, postal peaks, transport systems etc.

When the time table has been set a detailed plan of action must be prepared for each
survey (see Table 5.1). Time allowed to Closing Date and for the production of reports should be
as short as practicable. Participants will loose interest, if there are lengthy delays in receiving
reports, and it is necessary to alert those laboratories that show unsatisfactory performance, as
soon as possible so that corrective action can be taken.

When all survey schedules are completed, they should be compiled into a master schedule.
Adjustments to ensure that adequate staff and facilities will be available, may be necessary to
cover the workload at the appropriate time.

Additional schedules should be compiled as necessary for:
- suppliers of material

- referees

- transport agents

- computer centre

- printing office

- post room, etc.
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Table 5.1 - Time schedule for the preparation of an EQA survey
Check date Action
-18 months Identification of laboratory disciplines and subdisciplines
-16 months Decision on frequency of surveys in a discipline
-14 months Determination of dates of mailing of quality control material
-12 months Preparation or ordering of quality control material
-12 months Ordering of packing materials
-3 months Confirmation of delivery of quality control materials and packing materials
-1 month Control of the availability of the materials for the survey'.
Safety checks, adjustment of analytes.
-1 month General review of the preparatory work for the survey
-3 weeks Validation of target values and viability of microbiological samples .
preparation of questionnaire, preparation of marking key
-2 weeks Printing of addresses, forms, etc. ' ,
In house processing and aliquot dispensing and aliquot testing (in case of lyophilized
materials).
-1 week Packaging of quality control material
Day 0 Delivery for méiling
+1 week In-house validation of dispatched samples
+2 weeks Closing date - this will vary for different tests.
Some may be performed daily in the participant’s laboratory, some weekly, etc. Sample
transit and data return times must also be considered
Data entry completion
For manual registration two entries, initial and verifying are essential
Data analysis
Analysis validation
+3 weeks Printing of survey reports
>3 weeks " | Assessment of remarks, questions and comments.
Update of scheme’s historical records.

'NOTE: The preparation of quality control materials for surveys in bacteriology (culture slides for
microscopy) should start two to three months before day O.

5.3 Packaging

The packaging must be adequate to protect the specimens against possible degradation and
breakage during transplantation. National (and/or international) regulations must be followed (11).
The material for packaging of biological material includes the following (fig.5.1)(8):

- one or more specimen containers

- absorbent material

- protective container

- mailing box or mailing bag

- sealed bag to separate written instructions and forms

NOTES:

1. Slides must be packaged in a carton box or plastic box to prevent breaking during
transportation;

2. Glass vials containing lyophilized material must be packaged together with absorbent

material to prevent breaking during transportation;
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Vials containing liquid material must be packaged in a leak-proof .container
4. Infectious material must be packaged in a tightly closed triple container

The following documents must be included in the package:

- Protocol sheet

- Instruction sheet

- Packaging worksheet (if necessary)
- Report form

- Return envelope

Fig. 5.1 - Triple container for mailing infectious materials

5.4 Shipment

The shipment of biological material must comply with national or international regulations.
The cover of the packaged to be mailed must be labelled Perishable Biological Material. The
materials should be shipped as quick as possible to the participants. It may be advisable to contact
the mailing service to determine optimal dispatch arrangements for quick delivery of the material.
Sometimes it may be more appropriate to use a messenger to ensure the safe transport of the
material. The effect of transport on thé quality of material should be controlled by mimicking
transport conditions and examining possible effects on samples.
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5.5 Documents
The following documents are essential:

- Survey record. For retrospective control, the centre should have a standard record which
should be completed for each dispatch. It should note any problems encountered and be
signed and dated by the member(s) of staff completing each item.

- Packaging worksheet. Essential, if more than one survey is included in the distribution and
not all participants have the same requirements. ‘

- Labels. Printed from an up to date record of participant names and addresses.

- Instruction sheet. Participants should be told what the specimens are, how to handle them,
how to record results, where and how to return results and the survey Closing Date.
Relevant notes and instructions should also be given, e.g. tests for which specimens have
been screened, hazard warnings, storage conditions, reconstitution method for disposal, etc.

- Protocol form. Participants should be sent a sheet on which to record results. Control data
such as Participant Reference Number (see Tables 5.2 and 5.3), survey number, specimen
number(s), test method, etc. may be preprinted, if facilities permit, or can be completed by
the participant. The units in which results are reported must be clearly shown. The protocol
sheet may also include a list of codes (e.g. for methods and/or reagents. The appropriate
code for the method and/or reagent used by the laboratory must be entered into the protocol
sheet by the participant together with the results of measurement. Participants should be
given the opportunity to note problems or other comments. The address for return should be
shown.

- Return log. It is essential to record the date of the reception of each report at the EQA
scheme organizing centre, and, if appropriate, the method of return, e.g. post, fax, etc.
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Table 5.2 - Survey protocol form (example clinical chemistry)
Name and address
of EQA Scheme
Organizer:
Name of survey:
Mailing date:
Final date for reporting
Analyte Unit Method Reagent Results
Sample No. Sample No.

S- Calcium mmol/L
S-Chloride mmol/L
S- Potassium | mmol/L
S-Sodium mmol/L
S-Glucose mmol/L
S-Protein g/l
S-Phosphate | mmol/L
S-Bilirubin mol/L
S-Urea mmol/L
S-Uric acid

mmol/L
S-Creatinine | mol/L
S-ALAT U/L
S-ASAT U/L
S-GT U/L

Comments by the participant

Address and number of participant:

Signature and date

NOTE: Codes that may be used for equipment, methods and reagents should be provided to the
participants together with the form for each survey.
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- Table 5.3 - Survey protocol form (example haematology)

Name and address of EQA Scheme Organizer:

Name of survey:

Mailing date:

Final date for reporting

Analyte Unit Method Reagent Results
Sample No. Sample No.
Haemoglobin - g/L
Red Cell Count x 10"%/L
Haematocrit
Mean Cell fL.
Volume
Mean Cell pg
Haemoglobin
Mean Cell (%)
Haemoglobin
Concentration
White Cell Count | x 10°/L
Platelet Count x 10°/L

Comments by the participant:

Address and number of participant:

Signature and date:
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5.6 Data entry and evaluation

Although computerized data analysis is advisable, the lack of a computer should not
preclude a start of an EQA survey. Data from small surveys for one or two analytes, utilizing
material produced in-house, can be plotted by hand to provide information on the scatter of results,
whilst performance can be assessed with the aid of a calculator with statistical functions. Data can
be entered to the computer in the following ways:

- manual data entry this should be performed by two persons with decisions being
taken on discrepancies highlighted in the second verifying entry;

- scanning most useful for check box protocol forms as hand written figures
can prove troublesome;

/

- electronic transfer of data to the computer.

Methods of data analysis are described in Chapter 10.

5.7 Survey reports

The format of the survey reports will depend on the method of analysis and the computing
facilities available. The reports should clearly show the survey to which they refer. Ideally,
individual reports for each participant should show his performance in relation to other participants
with an assessment of their performance. If multiple page reports are produced, each page must be
identified as belonging to the report. Small schemes with limited resources can send the same
summary report to all participants with individual notes attached to unsatisfactory performers.

Reports including the results of evaluation should be delivered by mail, fax or e-mail. The
confidentiality of information must be assured. It is advisable to control the quality of transmission,
when information is sent by fax.

5.8 Historical records

It is essential to have a well organized record system including survey records, data analysis
and participant performance. It will be necessary at intervals to select information to be included in
reports, e.g. annual report to participants, reports to expert committees and steering committees
overseeing performance, etc.

5.9 Archives

All information on surveys, on the participants and all quality documents must be archived
for five years, if not otherwise stated by national regulations.

5.10 Documents for external use

Each participant should receive all necessary information and instructions on the services
provided by the EQA scheme organizer. The information should be written in a comprehensive
way and in the local language.

5.11 Training documents

The EQA scheme organizing centre disposes scientific documents related to activities for
education and training to the participants while taking into account the copyrights for publication.
It is advisable to use a file numbering system for the documents.
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6.

COST ESTIMATION

6.1 | Financial resources

The organization of an EQA scheme requires certain investments and financial obligations
to ensure an efficient management. The resources may be provided from:

1. Allocation of a budget from government authorities
Twinning with other EQA organizers
3. Fees from participants

When support is given from commercial suppliers of reagents, a written agreement should
be signed to ensure an independent management of the EQA scheme with no obligations of the
organizing centre vis-a-vis the supplier.

6.2 Costs for maintenance
The calculation of expenses must include the-following information (see Table 6.1 and 6.2):

Rent of premises

Salaries for personnel

Information technology

General costs (water, communication, electricity, insurance)

Reference materials: - purchase costs or local production
- costs of raw materials
- investments for local production and filling
- - evaluation of material

Packaging - packaging materials
- envelopes and labels for mailing
Preparation of survey - registration of participants

- packaging of quality.control materials
Printing of forms, reports and catalogue

NOTE: alternatively, simple forms may be prepared using a stamp and ink-pad

Mailing - of quality control materials
- of reports
Evaluation of surveys (- reimbursement of costs for experts, as appropriate)

- costs for use of informatics (as appropriate)
- meeting of experts (once or twice a year)
Training/corrective actions
Miscellaneous costs
Programme development costs

6.3 Subscription fees

Each EQA scheme should be financially secured in a way that it can function in a timely
manner and there is room left for innovative development. This may require subscription fees for
participants, when this is the only source of income. Tables 6.1 and 6.2 can be used to calculate the
costs for each survey or programme. The tables must be continuously updated whilst considering
the number of the participants and the purchase costs for each item.

Table 6.2 must be prepared for each individual survey. The units given in the table are
examples in local currency. The units vary from country to country and must therefore be
calculated by each individual EQA scheme organizer. Discount prices will also come into effect
with an increase in the amount of quality materials, if they are purchased. It is noteworthy that
costs do not only arise for the training of participants but also for the training of the personnel of the
EQA scheme organizing centre.
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Product and service costs of a control centre
(Number of participants: xxxx)
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c
E

Terms

Cost

Sale price

Comments

Update

s

Postage, dispatch of sample report and/or correspondence

Envelope

Headed paper

‘White paper 80 g

Invoice

Photocopy

Label for sending sample

Label for envelope

label for bottle

e N I I G N e

Cardboard box for sending three samples

Purchase reference material

Urine reference material

Serum reference material

Special reference material (toxoplasmosis, microbiology,
etc.) .

Plasma reference material for coagulation

—_

Haematology reference material

Fabricated reference material

Empty 5 mL bottle with stopper

Filling and closure of bottle

Analysis for confirmation of innocuity

e el el

Pure chemical products for enrichment, purification,
stabilization, etc.

Instruments (according to the list)

Instruments: maintenance and repair contracts

Informatics

liquidation of costs over 6 yrs

Rent, including charges (maintenance, cleaning,
electricity, water, heating, etc.)

Personnel, including social security

basic annual cost, 40h week

Continued training of personnel at the Control Centre

Insurance against theft, fire, etc.

Civil liability insurance

Organization of investigations

Taxes

Office material

Telephone

[y P [y P P P TN T

Documentation, reference books, etc.

Total

Notes to the appropriate use of the tables 6.1 and 6.2:

The cost must take into account the number of participants and the number of surveys that are

envisaged. The costs may vary for each survey. Therefore, it is advisable to share the total costs between all
participants. The larger the number of participants, the smaller will be the fees for the individual laboratory.
The following procedure should be carried out when using tables 6.1 and 6.2. (With a simple software the
tables can also be used to automatically calculate the financial expenses.):

1.

2.
3.

Check that all necessary elements to make a calculation are included in the table. Add lines for

additional information if necessary, or delete lines that shall niot contain data for the calculation.

Fill in each line with the costs as appropriate. '

For table 8.1, calculate the costs of each element as a function of the number of participants and the running
costs.

. For table 8.2, fill the figures of costs into the first column. Divide the total costs by the number of

laboratories and multiply these costs to obtain the annual costs as appropriate.

. Add the costs of those items that are part of a survey.

The shadowed area indicates costs that vary extensively depending on the number of participant
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TABLE 6.2: EQA scheme clinical chemistry and haematology — expenses

Number of surveys by year
Number of laboratories involved

300

Costs By survey By laboratory By year
Preparation of survey 200 0.67 2.67
Reference material
Clinical chemistry 4.00 4.00 16
, Haematology 4.00 4.00 16
Mailing of samples
‘ Packaging 0.60 2.40
Labelling and printing 0.50 2.00
Stamps 3.00 12.00
Form for results 0.10 0.40
Registering of results 450 1.50 6.00
Evaluation of results 170.45 0.57 227
Computer use 1,000.00 3.33 13.33
Put in envelopes and matching 50 0.17 0.67
Mailing of results ‘
Printing of four sheets 0.60 2.40
1 envelope 0.45 1.80
Stamps 0.70 2.80
Billing (two billings per year)
Bill forms 045 0.90
Envelope 0.45 0.90
Computer time 1,000.00 3.33 - 140
Post Office 0.70 1.40
Redeem material 500 1.67 333
Total 26.91 93.93
Training and new development (%) 20 5.36 21.43
Follow up subscribers (telephones, letters)(%) 20 5.36 21.43
TOTAL 37.5 136.79
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QUALITY CONTROL MATERIALS

The materials considered for external quality assessment should be as similar as possible to
patient material. The starting materials may be of animal or human origin. They may be liquid or
lyophilized, fixed unstained or stained smears as well as sealed wet preparations. They should be
as genuine as possible. They should have no or only minor matrix effects with the current
analytical methods.

7.1 Requirements of material

i. A similar as possible to patient material
ii. Stable at least for the survey turnaround time (including sample transit conditions)
iii.Safe, conforming with all relevant national safety standards, provisions and legislation.

a) human blood products must be negative for infectious agents (Hepatitis B and C and for
HIV I, I and (in some areas) I11).

b) Blood from animal donors: blood from a variety of animals can provide material for quality
control purposes. Animal serum is widely used in clinical chemistry and for special
investigations in haematology (see Appendix II).

iv. Material, other than for microbiological surveys, must be sterile. This should be confirmed by
testing random vials after dispensing. The number of vials tested will depend on the size of the
batch produced and the conditions under which they are produced. When dispensing using sterile
equipment one vial tested per 500 is usually sufficient. Smaller batches aliquoted by hand on a
laboratory bench require more frequent testing.

7.2 Collection and testing

i. Blood from human donors: it is convenient to use blood or blood components which have been
collected by a blood bank where HIV and Hepatitis testing will already have been performed. The
blood transfusion services regulations may however, require consent from the donor for the blood
to be used for non-clinical purposes. If blood from a blocd bank is not available, national
regulations may require donor permission for HIV testing and this may involve counseling for
informed consent.

Blood for transfusion purposes is normally collected into ACD or CPD-A anticoagulant and
should be as fresh as possible for processing for quality control purposes. In practice, there will be
a delay of 48 hours before there is HIV and hepatitis clearance. When volumes exceeding one unit
are required, units of the same ABO group may be pooled. Whole blood should be stored at 4 +
20°C. To obtain serum blood may be drawn into sterile containers with no anticoagulant, allowed to
clot and the serum separated under aseptic conditions.

When material from different donors is pooled, each individual donation must test negative
for Hepatitis B and C and for HIV [, II and, in some areas, III. With smaller aliquot samples of
serum from up to 10 untested donors may be pooled and the pool tested. Such pooled material is
likely to require sterilization by micro-filtration. If for special reasons material cannot be tested, it
should carry a hazard label stating that it is untested. This should also be stated in the instructions
for use. Serum should be stored at -40°C; repeated freezing and thawing of the serum must be
avoided. Whenever pooled material is used, records must be kept showing traceability of each
component of the pool.

ii. Animal material should ideally come from a closed herd certified free from disease transferable
to man. National regulations on the handling of animal material must be considered and
international regulations considered when importing material or exporting survey samples.

iii. Other material: regulations for the acquisition of all raw material for quality control may vary
from country to country, and relevant national guidelines should be consulted. '



WHO/DIL/LAB/99.2

Page 20

Table 7.1 - Quality control materials

ADVANTAGE DISADVANTAGE

Human Similar to patient Risk of infection, sometimes difficult to
obtain sufficient volumes

Animal Limited risk of infection Limited use because of sometime
unacceptable differences from human
material ‘

Artificial Easy to prepare; no known risk Limited use because of sometimes

of infection unacceptable differences from human

material

7.3 Preparation of quality control material

i. the preparation of quality control material should be carried out in a quiet area of the laboratory
using aseptic techniques and sterile glassware to minimize the risk of contamination. Annex II
includes details of the procedures for the preparation of specific quality control materials.

ii. Broad spectrum antibiotics should be added for sterile preservation, e.g. penicillin (minimum
5 g/mL) and gentamycin (minimum 50 g/mL). The quality control material should be stable
for a period from the collection date to the closing date of a survey plus 50%.

iii. The dispensing volume will depend on the number of tests and on the volume that will be
required for measuring each individual analyte under routine conditions. It is convenient to
dispense approximately 2 mL volumes per vial. The ratio of blood to vial size must be
considered. Nearly full vials cannot be mixed properly, too small a volume may dry on vial
walls.

When additives are required their amount in the quality control materials must be kept as
low as possible. Only additives of highest purity must be used (see Table 10.1). The chemical
name of the additive and its concentration must be mentioned in the report to the participants.
Spiking materials must be added according to the analytical needs.

The vials for storing the quality control material must be robust and leak proof. They must
have a flat bottom and must be made out of a suitable material, e.g. glass, that does not leach ions
(e.g. sodium, potassium, magnesium, iron). They must be tightly covered with a stopper than can
be removed without tools. The stopper must be sealed. ‘

Each vial containing quality control material must be marked with a label indicating:

- the kind of material (e.g. quality control serum)

- for in-vitro diagnostic use

- batch number

- instruction for appropriate storage (e.g. temperature: 2 to 8§°C)
- precise instruction for reconstitution (if required)

- Manufacturers providing quality control materials to an EQA scheme organizing centre must
also provide full information on the source of the material, additives, stabilizers and spiking
materials, and documentation of test results for infective agents under a confidentiality agreement
concluded between the two partners.

The quality control materials prepared locally by the EQA organizing centre should be
verified by reference laboratories conducting international schemes to ensure uniformity and
adherence to standard procedures of preparation. Verification may be done at the beginning of the
local scheme and, if possible in periodical intervals of 2 to 3 years.
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SPECIAL ASPECTS

8.1 Haematology
Sample preparation for blood counts

The stability of whole blood in vitro is dependent on the anticoagulant used. Blood in
EDTA, as used for patient samples starts to deteriorate after six hours whilst blood collected into
ACD or CPDA has a shelf life of about three weeks for the red cell parameters and can be further
stabilized by the addition of fixatives.

The methods used for stabilizing blood cells affect their deformability. Blood cell counters
measure various cell parameters as the cells pass through a sensing zone, where they may deform.
The perceived measurements will therefore be affected by the method of stabilizing the cells and
the reagent system and technology employed in the counter (see Fig. 10.2). Thus it is usually
inappropriate to analyse results from all instrument types together and data should be separated by
instrument group for analysis.

Sample preparation

EQA assumes that identical aliquots are tested by each participant. Whole blood contains
cells in suspension and precautions must be taken to ensure the homogeneity of the specimens in a
batch. Ideally, a closed sterile system providing continuous mixing during dispensing should be
used for blood and other fluids containing particles in suspension (13).

8.2. Coagulation

Heparinized control plasma in EQAS mimics patients under heparin therapy. Instead of
reconstituting lyophilized heparin plasma with water, a vial with a heparin solution can be send
together with the lyophilized vial of normal plasma for reconstitution. In this way different INR
ratios can be obtained from normal plasma samples.

8.3. Bacteriology and parasitology

The selection of material for in bacteriology surveys depends upon factors such as the
prevalent diseases, the tests being done in routine services and the cost and ease of dispatching the
quality control materials.

a) For peripheral laboratories: Surveys may include stained or unstained preparations for
parasites, acid fast bacilli and exudate containing Gram positive/negative cocci/bacilli.

b) For intermediate and central laboratories: Most surveys at this level are limited to the isolation,
identification and susceptibility testing of bacteria. Pure cultures or mixtures of several
organisms are used as a substitute for patient specimens. The selection of cultures for EQA
survey usually takes into account the following:

- Bacteria with great public health importance

- Abnormal biotypes of common bacteria, e.g. aerogenic Shigella sps.

- Newly recognized or recently renamed bacteria.

- Familiar pathogens with special antibiotic resistance profile, e.g. beta lactamase

producing Gonococcus.

Serological tests give indirect evidence for the presence of an infectious agent. These tests should
aim at detection of the antigen or antibody. The following serological systems can be included in
surveys:

- Venereal Disease Research Laboratory Test (VDRL)

- Treponema pallidum haemagglutination (TPHA)

- Antistreptolysin O test (ASLO)

- Latex agglutination for H. influenzae, N. meningitidis and S. pneumoniae

- Rapid confirmation/serotyping of the organism, e.g. Salmonella, Shigella, Streptococcus
etc.
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Sample preparation

Quality control materials for EQA surveys include those for microscopy and those to be
cultured for identification and antibiotic sensitivity testing. The materials may be prepared so as to
simulate specimens from patients or to challenge procedures for investigation used by the
laboratory. Materials for bacterial culture may include pathogenic and non-pathogenic bacteria.

Duplicate samples

A small number of participating laboratories, particularly those to whom delivery is
expected to take longest, should receive two sets of samples and be requested to return one set
unopened to the organizing laboratory. These can then be tested to check that the batches have
remained viable during the stringent conditions of twice the normal period of transport .

8.4 Clinical chemistry and immunology

Immunological/serological EQA surveys are intended qualitative and quantitative
investigations. Quality control materials for assessment of quantitative investigations are rarely
suitable for all methods. For example, some materials may be turbid and cannot be used for
nephelometric or turbidimetric measurements. Other materials may be stabilized with additives
that may cause an interference in the immunological reaction of the test system. Therefore, the
laboratory must assess the suitability of an additive for a quality control material that is intended
for a specific purpose. Table 8.1 lists some additives that may be used for the preparation of
quality control materials. Most of such additives are added to control materials that are used for
internal quality control.

In some cases, quality control materials for measurements of more complex analytes must
be prepared with special precautions. For example, the concentration of biopolymers or analytes
with a lipophilic character may be reduced by the procedure of filtration or the filter that is used for
the preparation of the material.

In quality control materials of veterinary origin certain analytes may not be present in the
same concentrations as in human blood or serum (Table 8.2). When spiking quality control
materials, it should be clear that the added analyte can be measured by the procedures used by the
laboratories. For example, if certain proteins of animal origin are spiked to enhance an enzymatic

‘activity, they may not be measurable by an immunological procedure, when the antibodies used by
the test system are directed towards an antigen of human origin.

8.5 Virology

Quality control materials for virological investigations (e.g. HIV, Hepatitis B) may be
infectious and must therefore be handled with extreme care. In certain surveys quality control
panels (e.g. HIV) are distributed to assess the ability of laboratories to detect variants of a virus at
different concentrations. The panels must be well characterized by different methods before being
distributed to the participants. The special conditions of EQASs for HIV have been described in
detail in another document (14). For safety reasons, HIV positive panel specimens should be heat
inactivated (60 min at 56°C) and then filtered. HIV negative specimens should not be heat-
inactivated as this may cause false positive reactions.
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Additives

Name

buffers

TRIS
Hepes

proteins

bovine albumin

antibiotics

’

Penicillin G
Neomycin
Gentamicin
Chloramphenicoi
Streptomycin

preservatives

sodium azide
Merthiolate

detergents

Trioctanoin
Triton X100

amino acids

Glycine
Glutamic acid
Arginine

alcohols

ethylene glycol
glycerol

sugars

mannitol
lactose
SuCrose

inhibitors

aprotinine

expanders

gelatine
dextrane
polyvinylpyrrolidone

ions

magnesium chloride
calcium chloride
zinc chloride
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Table 8.2 - Approximate concentrations or activity of analytes in human

and some animal sera (S.I. Units)

Analyte Unit Human Bovine Equine Porcine
Albumin g/L 43 32 7
Alkaline phosphatase* U/L 55 56

Amylase U/L 180 15

ASAT* U/L 26 85

Bicarbonate mmol/L 25 -

Bilirubin mol/L 7 3,0 10 12,6
Calcium mmol/L 2;5 2,68 3,08 - 2,49
Creatinine molL | 80 o7 97 88
Glucose (fasting) mmol/L‘ 5,0 2,8 4,1 3,9
Potassium mmol/L 4,3 4,3 4,0 4.6
Sodium mmol/L 141 142 139 148
Total protein g/L 70 68 68 80
Urea mmol/L 4,7 4,3 47 5,0

* for measurements at 37°C.
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CHARACTERIZATION OF LABORATORY INVESTIGATIONS

The validity of laboratory tests is limited by uncertainties at the biological/nosological level
as well as by analytical errors that are inherent to laboratory investigations. It is therefore
important that the laboratory is able to identify, whether the difference of observations is indicative
for biological variations or for technical differences of measurement,

For practical reasons, one can distinguish two basic types of laboratory investigations in all
laboratory disciplines: quantitative and qualitative procedures. The results of qualitative tests are
descriptive (= nominal) (e.g., blood group antigens and antibodies, blood cell morphology).
Results of quantitative tests are numerical (e.g., blood haemoglobin concentration, serum enzyme
activities, creatinine concentration). Some investigations combine descriptive with numerical
information (e.g., differential blood cell count, protein electrophoresis). Semi-quantitative
investigations provide graded results that are less accurate and less precise than quantitative assays,
but are still useful for clinical diagnosis and monitoring (2.g. urine dip sticks).

9.1 Qualitative tests

Qualitative tests often anticipate a clinical diagnosis. Therefore, the laboratory must be
particularly aware of the medical importance of observations made with these tests, since the
outcome of a wrong result could be incorrect patient care with unnecessary suffering and even
death of the patient. Laboratories must pay special attention to the standardization and quality
assurance of these tests.

Certain tests distinguish between the presence or absence of an analyte in a specimen (e.g.,

HIV antibodies; hepatitis B surface antigen, Salmonella typhi murium). The distinction between
the presence or absence of the analyte in a sample is related to the ability of the test to detect the
analyte at a minimal concentration. The minimal concentration of an analyte that will be positively
indicated by the test system (limit of detection), or the ability of a test to clearly identify an analyte
in the presence of other components of the specimen (analytical specificity), may vary from one
test system to another. Therefore, when the test does not confirm the presence of an analyte, it may
not necessarily imply its absence. Blood and central spinal fluid cultures for the detection of
bacteria are qualitative tests, whereas urine cultures for bacteria are usually semi-quantitative tests.

9.2 Quantitative tests

The results of quantitative measurement are reported on a ratio scale or interval scale. Tests
for quantitative measurement may vary in their precision, accuracy, analytical sensitivity and
specificity. Therefore, the use of a test system should depend on the intended purpose; some tests
are more appropriate for epidemiological surveillance and public health, whereas other tests are
more suitable for clinical investigations. The cost of a test may vary considerably. Sometimes but
not always cheaper methods are less precise and/or less accurate. For example, the prothrombin
time test is a nonspecific test for the monitoring of patients under anticoagulant therapy. The test
meets clinical demands despite the fact that it does not specifically measure a given analyte. Other
methods provide results close to the true value of a specified analyte. Often these methods are too
complex to be suitable for routine measurement. -

The performance of a test procedure is characterized by its imprecision of measurement.
Some experts distinguish between three levels of measurement procedures:

1. A measurement procedure of the highest metrological order is used to quantitatively
measure an analvte of known physico-chemical structure with a negligible measurement
error (bias). The result obtained by use of such a procedure, that some experts call a
definitive method, is nearest to the “true value”.
Examples: weighing, gas chromatography - mass spectrometry, isotope dilution techniques).

NOTE: A measurement procedure of highest metrological order may be highly
sophisticated. Often, it is established in a few laboratories only.
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2. A reference measurement method the accuracy of which is assessed by:

- comparing the results of measurement by such a procedure with those of a measurement
procedure of highest metrological order (definitive method);

- by calibration with a primary international reference preparation;

- by calibration with an agreed standard.
(Examples: flame photometry, atomic absorption spectroscopy)

NOTE: Reference measurement methods are usually established following an agreement by
scientific organizations on arbitrarily defined conditions of measurement (e.g.
measurement of enzyme activities).

In microbiology inoculation tests are used for the detection of living organisms and viruses.
Such tests are sometimes recommended as reference methods (“gold standard”, e.g. culture of
bacteria, mouse inoculation tests for toxoplasmosis). However, certain in vitro techniques, (e.g.
PCR), may be more sensitive n than microbial culture. When properly performed they give
positive results when the inoculation tests may be negative.

3. A routine measurement method (= conventional measurement procedure) measures with
sufficient reliability and practicality for its intended purpose. The extent of systematic
deviation of the results from their true value as determined by a routine measurement
method, should be known.

Examples: automated methods for the measurement of haemoglobin cyanide, enzymatic
methods for the determination of cholesterol).

NOTE: A routine measurement method can apply the same principle of measurement like a
reference method. However, it may use different equipment and ways of sample
preparation. For example, automated methods used in routine measurement may be
based on the principle of measurement of the reference method which, however, is
a manual procedure.

9.3 Semi-quantitative tests

“Semi quantitative tests” measure an analyte in discrete concentration intervals. The
intervals are expressed as rough estimates on an ordinal scale (e.g. urine protein concentration), as
results indicating estimated observations (e.g. semi-quantitative count of bacteria in urine; number
of plasmodium parasites in blood), or laboratory observations made after geometrical dilution of
the specimen, where the results are expressed in terms of titres (e.g. agglutination - precipitation -
haemolysis tests). Some tests use arbitrary values for decision making (e.g., 50% haemolysis urine
cultures for bacteria). Often, there is no linear relation between the signal of observation and the
concentration of the analyte as in the majority of quantitative tests. Semi-quantitative
measurement procedures are simple, but may be neither specific nor sensitive. However, the
information obtained may still be useful for clinical diagnosis and/or epidemiological information.
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EVALUATION OF RESULTS

Performance standards must be established as far as possible on a scientific basis whilst
taking into account their clinical relevance. The analysis of results in EQA surveys should have
three basic aims:

(@)  To provide an overall summary of the total number of correct and incorrect
results.

(b)  To provide for each individual laboratory an analysis of its performance in the current
and previous surveys.

(¢)  To identify the causes of deviating results.

For this the EQA scheme organizing centre should establish appropriate concepts for
evaluation of quantitative measurements and qualitative observations.

10.1 Evaluation of quantitative measurements

Reports on quantitative measurements can be analysed to assess the bias, i.e. the deviation
from their expected true value (systematic error), and the reproducibility (random error) of
measurements by various methods, used by different laboratories under various conditions. The
evaluation provides information on the performance of each individual laboratory and the over-all
performance of laboratories that participated in the survey. The evaluation may also provide
information on the quality of reagents and analytical instruments, as well as on possible matrix
effects of the control material that was distributed in the survey, provided that the true value of an
analyte in the quality control material is known.

The procedure of evaluation requires the definition of:

- target values
- limits of acceptability of results

10.1.1 Target values and commutability of results
A target value of an analyte in a control material is established by

- prospective determination using a reference procedure
- retrospective estimation of a consensus value using the results reported by the
participants in a survey.

The highest level of reliability, including the traceability to the highest metrological level is
provided by target values established by definitive methods or by recommended reference methods
using certified reference materials. The target values should be provided by reference laboratories
that are particularly skilled in assessing the specific analytes in biological materials. The
performance of reference laboratories should be reviewed regularly. When reference values of
quality control materials are determined by methods of lower metrological order, the methods
should be calibrated in collaboration with reference laboratories.

The following biases of the means of results using routine methods were observed in a
recent EQA survey when compared with reference values that were predetermined by methods of
highest metrological order (Table 10.1):
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Table 10.1 - Biases of the means of' measurements in a fresh frozen
serum from a healthy donor using routine methods

Analyte Bias (%) Reference Method

Albumin -1,5 to +4,6 Radial immune diffusion

Bilirubin -3,5t0 +7,0 Jendrassik

Calcium 0to+1,0 Atomic absorption spectroscopy

Chloride -1,0to +1,8 Coulometry

Cholesterol -1,5t0 +6,3 Gas chromatography / mass spectroscopy

Creatinine +2,0t0+26,4 MS)

Glucose +1,5 to +20,7 Gas chromatography/ isotope dilution MS

Magnesium 4,6t 0 Gas chromatography/ isotope dilution MS

Phosphate -1,0 to +2,9 Atomic absorption spectroscopy

Potassium -0,8t0 +2,2 Ion chromatography/ scintillation counting

Protein, total +09to +1,3 Flame photometry

Sodium -0,7 to +0,7 Biuret

Triglycerides +2,2t0 +9,9 Flame photometry

(total glycerol) ' Gas chromatography/ isotope dilution MS

Uric acid +1,7 to +8,1

ALAT -21,4 to +34,8 Gas chromatography/ isotope dilution MS

Gamma- GT -27,6 to +3,0 IFCC recommended method (at 37°C)

CK -16,0 to -10,0 IFCC recommended method (at 37°C)
IFCC recommended method (at 37°C)

NOTE: The biases may be considerably larger in specimens of diseased patients.

Consensus target values may be used when definitive reference values are unavailable and
should only be calculate when the number of results is sufficiently large to allow a statistically
acceptable conclusion. However, a preliminary examination of a histogram of the data should
always be undertaken to determine if they approximate to a normal (Gaussian) distribution. The
presence of more than one mode may indicate method dependant results when analysis of “all
method” data may prove misleading. Further examination of the data is necessary to determine the
most appropriate grouping for statistical analysis. Conversely, a consensus value may also prove
misleading if the data is so scattered that no cluster of results is seen. In this case an effort should be
made to obtain a target value from a laboratory of repute using a defined technique.

10.1.2 Limits of acceptability and performance standards

The following approaches may be taken to determine the limits of acceptability:

(a)  using the results from all participants trimmed at 3 SD in an initial calculation
(b) . using results from selected participants showing good performance

(¢)  using aconstant SD

(d)  using a predefined CV

(e)  considering the biological fluctuations and medical requirements

to (a) In the simplest procedure the reproducibility of results is assessed by a purely statistical
analysis. The limits of acceptability are commonly set at two standard deviations from the
mean or median of all results. In such an evaluation, about 4% of all reports are always
beyond the limits of acceptability for statistical reasons, independently of any analytical
and/or medical aspects that could be taken into account. The conclusion that may be
drawn from the evaluation may vary from survey to survey or from one quality control
material to another. The results only describe the actual performance of the participants
and therefore do not provide an incentive to quality improvement.

! The means of measurements were calculated from results that were reported by the participants of an EQA
survey (15).
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to (b) As a more stringent requirement, the limits of acceptability can be set at a value that
separates, e.g., the 20% of results that were nearest to the reference value
(= best 0.20 fractile). Although such a standard of performance aims at improving the
| reproducibility of results, it is also a statistical evaluation without relation to the medical and
} scientific requirements.

to (c) The limit of acceptability can be set at a SD calculated from ten consecutive sets of results,
However, this method is restricted to a specific method or instrument and is valid only for
analytes which vary only to a minor extent in human specimens.

to (d) Using an arbitrarily defined CV as limit of acceptability the same quality criteria is applied
over the entire clinically relevant range of measurement.

1 to (e) In addition to a purely statistical analysis, an evaluation of results from EQA surveys can
include biological and medical considerations. In fact, the limits of acceptability of the
reproducibility of an analytical method should be based on the clinical needs. However, for
} a number of analytes clinically based limits of acceptability of their reproducibility may vary
: at different concentrations. Moreover, the concentration (or activity) of an analyte

} fluctuates within a healthy individual and between healthy individuals. As these

| fluctuations are important for the diagnostic assessment of any laboratory result, they must
also be measurable. This implies that the reproducibility of measurements of an analyte
must be less than its biological variation. The biological variations of a number of analytes"
in individual subjects and in healthy populations determined by methods with a high
reproducibility, have been published (16-18).

! The limits of acceptability of results for an analyte have been related to its reference
intervals as determined by the biological variation of the analyte in a healthy population. Tonks
proposed an allowable limit of acceptability of results of analysis (19), expressed as coefficient of
variation(CV,) to be:

CVps - V4 reference interval x 100

mean of reference interval

(ps: performance standard)

The calculation makes use of reference intervals that are known for many analytes.
However, these intervals may vary from one population set to another and the determination of the
intervals depends on the number of individuals who enter in such a study and the statistical
technique that has been used. Therefore some experts consider the procedure as historical.

| A more complex method is related to the within-subject biological variation of an analyte,
which is commonly expressed as the within-subject coefficient of variation (CV;). The
reproducibility of measurement of an analyte by a given method - as expressed by the coefficient of
variation (CV,) should be equal to or less than ¥2 CV; (16). The CV,, can be used for establishing
acceptable limits of performance of methods. The ideal performance standards are sometimes
difficult to be met. Therefore, practical performance standards are often used. Typical examples are
shown in Table 10.2. together with the observed reproducibility (CV;) in EQA surveys. The table
indicates the CVy, for concentrations of analytes that were measured in specimens of healthy
individuals. The CV of some analytes may be different at abnormal concentrations of the analyte.
The CV; in column 3 can be achieved by well performing laboratories. The results in column 4 are
observations from laboratories that have less experience in internal quality control.

‘ When the CV; in surveys exceeds the CV,,, the EQA scheme organizer should reduce the
size of the acceptable interval step by step from one survey to another, until a level of 2 CV, has
been reached. Sometimes the EQA survey may also include observations on artifacts, caused e.g.
by matrix effects or instabilitv of the quality control material, which can also add to an increase of
the CV,. This problem must be separately investigated during the evaluation of results.
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10.1.3 Evaluation procedure using a predetermined reference value

- Determine the reference value prior to the distribution of the quality control material to the
participants with a reference method of highest metrological order. Repeat determinations one
week later to assess sample stability.

- Define the limits of acceptability as appropriate.

- Prepare a histogram of the results from the participants that also includes the predetermined
reference value and the limits of acceptability for demonstration
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Table 10.2 - Examples of performance standards for establishing acceptable

Analyte

ideal performance

practical performance standards

@

Observed Reproducibility

standards recommended Reproducibility in EQA surveys
Reproducibility CV (%) CV, (%)
CV,=12CV; (%)
S-Potassium 24 2.4 59
S-Sodium 0,3 1,0 3-6
S-Chloride 0,7 1,0 3-5
S-Calcium 0,9 1,5 11-18
S-Phosphate 4,0 4.0 10-16
S-Glucose 2.2 3,0 7-10
S-Urea 63 63" 1113
S-Uric acid 4,2 4,2 11-17
S-Creatinine 2,2 4,0 18-21
S-Total protein 1.4 2,5 5-7
S-Albumin 14 2,5 11-23
Haemoglobin 1,2 25 32
Red blood cell 2,1 2,1 4
count
MCV 1,1 4,0 503
MCH 0,8 2,0
MCHC 0,8 4,0
Haematocrit 1,3 4,0 5
Leukocyte count 6,7 8,0 9-10
Platelet count 39 10 20-25
Reticulocyte 20 20 4) 40-50
count

® from ref. 16 and 17; @ by automated analyzers; © by centrifugation; @ the CVy, varies with the
concentration of the analyte in clinical specimens

Results that fall outside the limits of acceptability should be regarded as outliers.
observation should be confidentially reported to the participant and the reasons (clerical, technical)
for failure should be identified.

The
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10.14 Evaluation procedure using a consensus value

Calculate the standard deviation from the distribution of all results

Exclude the results that are beyond + 3 SD

Prepare a histogram

Calculate the mean of results that show a normal (Gaussian) distribution to obtain a trimmed target
value.

. If, however, the data show a non-Gaussian distribution, proceed as follows:

rank all results

determine the median (P50)

determine the 25th and 75th percentiles (P25 and P75)
calculate the interval H = P75-P25

calculate the standard deviation SD = H/1,349
calculate the CV= 100 SD/P50

Prepare a histogram of all results in relation to the assigned target value and 2 SD for visual

inspection.

Include the target value and the limits of acceptability in the histogram (e.g. + 2 SD) for
demonstration.

When results differ between groups of methods, calculate for each group, a group-based consensus
value. ’

The number of results in each group should be more than 10. The dependence of results
from different equipment or reagents that were used by participants in an EQA survey is evident
from the histograms, as shown in figures 10.1 and 10.2.
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Fig. 10.1 Results of EQA survey for mean corpuscular volumes of erythrocytes
(MCYV) using instruments from different manufacturers
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Fig. 10.2 Results of EQA survey for human gonadotropic hormone (hCG)
using reagents from different manufacturers
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10.1.5 Assessment using two quality control specimens

In some EQA schemes two specimens for quantitative analysis are distributed in each
survey. Usually the concentrations of analytes are in the normal reference range in one specimen,
and in the pathological range in the other.

The results for each of the two specimens are plotted in a two dimensional diagram (Youden
plot, figure 10.3). The plot includes the limits of acceptability forming a square, and also two
diagonals. The results falling within the square are within the limits, while those outside the square
are outside the limits. The results within the two diagonals, but outside the limits indicate a gross
imprecision of measurement, whereas those falling outside the diagonals are most probably due to
gross systematic errors in measurement. -

Fig. 10.3 - Youden plot
analyte: uric acid method: all methods
success rate:96 % outliers: 3
sample B
9
L 349 (+3SD)
293 (mean)

— — — -} 238(-35D)

v

sample A 191 232 281 umol/L
3SD mean +3SD ‘ ‘
number of participants 534
sample/unit A (umol/L) B
reference values 217 275
mean 232 293
standard deviation 15.1 184
coeff. variation 6.50 6.26

Legend: The square encompasses the area within the 3 SD limits of acceptability with reference to

the consensus values. The diagonals connect the 3 SD limits of the consensus values of
the quality control samples. In the example the consensus values (232 and 293 mol/L) are
about 5% higher than the reference values (217 and 275 mol/L) that were determined using

a method of highest metrological order.

NOTE: The limits of acceptability can be specifically defined for each analyte at other levels
than 3 SD.
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10.1.6 Scoring systems

Some EQA scheme organizing centres use scoring systems for a critical examination of results. Scoring
systems can be used for the judgement of results of individual laboratory indicators as well as of a number of

. indicators for the assessment of the over-all performance of a laboratory in a survey.

The basis of a scoring system is the calculation of a deviation index to indicate the difference between the
individual results and the acceptable limits based on the target value and SD or CV,

The formula for calculating DI from SD is:

Actual result - weighted mean or median of test
Adjusted SD

;

The median should be used rather than the mean, when there is a non-Gaussian distribution with a wide
scatter of results. The SD is adjusted by excluding any results beyond = 3 SD.

A simple semi-quantitative scoring system using coefficients of variation for the limits of acceptability of
results as indicated in table 10.2 can be calculated as follows:

Define the analytes;

Define the limits of acceptability of the coefficient of variation for each analyte
(see examples in Table 10.2).

Calculate the deviation index DI = d/e for each analyte,
where
d = difference of the individual results from the participant and the target value
(which may be a predetermined reference value or a consensus value)
e = limit of acceptability factor x reported result

Define the scores for the deviation indexes to prepare a scale for evaluation, for example:

Score: 0to 0,5 is excellent
05to1 is very good
1to2 is satisfactory
2to4 is mediocre
3to4 is unsatisfactory
>4 is non-acceptable

Compare the DI with the score for a critical estimation.

Example: Glucose reported result: 10,0 mmol/L
target value: 10,7 mmol/L
d: 10,7-10,0=0,7
e for 10 mmol/L: 3% x10=0,3
DI=d/e 0,7/03= 23
Score: 2<23<4
Conclusion: mediocre

The deviation index can be used to prepare a histogram that shows the performance of the laboratory
over a given period of time. Because of the limitation of scoring systems the original data should always be
included in the report and the participants are recommended to report their performance results to a third party, as
ongoing observations and not as scores.
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10.2 Assessment of semi-quantitative and qualitative test performance

10.2.1 Semi-quantitative tests

These are generally reported either as titre (inverse of the dilution) for maximum or optimal reaction or as
intensity of colour change, lysis, agglutination, recorded as: 0; 1+; 2+; 3+ or 4+.

Assessment of performance should be based on three factors:

(a)whether the participant’s result agrees with the target level

(b)whether divergence from the correct level (e.g., 1+ instead of 3+ in a lysis test) may influence the
observer’s interpretation of the result

(c)the medical significance of an incorrect or confusing result.

10.2.2 Qualitative tests

Qualitative tests are treated in the same way as semi-quantitative tests and are generally based on two
aspects: : ‘

(a) Is a particular diagnostic feature present or absent? This is assessed as “correct” or if incorrect as “false
positive” or “false negative”;
(b)  What features are present?

When the test requires identification of morphological or biochemical features, e.g. abnormal cells in a
blood film or abnormal bacteria in a microbiological specimen, either the credit or penalty scoring systems can be
used. ‘

10.2.3 Credit scoring system

In this method a numerical score is awarded for each correct recognition of a feature and these are
weighted on the basis of their diagnostic significance or importance, as agreed by referees, taking account of the
specific medical condition.

All correct observations are awarded the weighted number of points; false positive observations which
may be misleading are treated as errors and are subtracted, and the result is expressed as percentage of total

possible score as defined by the referees. No points are awarded for false negative.

Thus, each morphological feature should be weighted as follows:

If it is essential for diagnosis = 5 points
If it will influence the diagnostic decision =2 or 3 points.
If it could be helpful in reaching a diagnosis, but only
as a secondary consideration = 1 point
If it provides no useful information = 0 points

Referees examine the blood film to obtain an agreed weighting for each morphological feature. This
scoring method is illustrated in Table 10.3.
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Table 10.3 - Credit scoring, illustrated by assessment of a blood film from a
patient with sprue

Feature Diagnostic significance Weighting
Macrocytosis | Essential abnormality in macrocytic anaemia 5
Ovalocytes If present, will support the diagnosis, but not essential 3
Howell-Jolly | Highly suggestive of splenic hypofunction 2

bodies

Target cells Not diagnostic but consistent with splenic hypofunction 2

Siderocytes May be seen in splenic hypofunction - supportive evidence | 1

Anisocytosis | Occurs widely in anaemias; no specific significance 0

bl

Total score . 13
Participant’s score as percentage =[x/13] x 100%

If any of the following (for example) has been reported by a participant but were not present in the film they
could have resulted in a misleading diagnosis, and the total score should be reduced by the appropriately
weighted amount:

Sickle cells: deduct 5 points
Malaria parasites: deduct 5 points
Microcytosis: deduct 2 points
Thrombocytopenia: deduct 1 point

Anisocytosis: deduct O points

Credit Scoring in bacteriology

For-the identification of unknown organisms in bacteriology, a score of 2 is awarded for a correct answer,
1 for a partially correct answer and 0 for a totally wrong answer or failure to answer. For antibiotic susceptibility
testing, a distinction is made between a minor (1 or 2 point) and a major (O point) error. A minor error is when a
resistant or susceptible organism is reported as intermediate or vice versa, a major error is the substitution of
resistant by susceptible or vice versa. A score of 1 is given for the correct result. The scheme can also be
modified to a 4-point scoring system for the scoring of semi-quantitative results, e.g. when reporting titres.

10.2.4 Penalty scoring system

In a penalty scoring system the participant starts with a score of 100%. This score is reduced by incorrect
results to an extent that is weighted on the basis of clinical relevance; Thus, an incorrect result which would not
have serious effect on patient management would be weighted by a factor of x2; and if critical, a factor of x3.
Results are then expressed as performance score % (See Table 11.4).
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Table 10.4 - Penalty scoring, illustrated by screening test for Glucose-6-phosphate

dehydrogenase (G6PD) deficiency

Normal G6PD =+
G6PD absent =0
Low level of GGPD =+
Target result If reported as Performance
Deduct Score

+ + 0 100
+ 0 30 70
+ + 10 90
0 + 50 50

0 0 0 100
0 + 20 80
+ + 30 ‘ 70
+ 0 10 90
+ '+ 0 . 100

ascoreof  >70: satisfactory

30t0 70: = take more care
<30: unsatisfactory

It is best to computerise data processing, if feasible, as this makes analysis rapid, easy and reproducible.

In order not to confuse the partiéipants, only one of the scoring methods should be used for any surveys in a
scheme. This should also be used for all the different surveys of a scheme, if possible.

10.3 Reporting results of surveys

The report issued to the participating laboratories by the organizing laboratory should contain at least the
following information:

(a) Details of the results obtained frov‘m the individual participating laboratory and methodology used.
(b)  Target resuits

(¢)  Ifascoring system is used, details of how scores are awarded for each category of the reports.

(d)  Comments on the results with assessment of performance.

(¢)  ‘Suggestions for remedial steps if any érrors are noted.

) Addresses of experts who could be contacted to give advise.

The performance index of one year period is the individual laboratory’s cumulative score divided by the maximal
cumulative score that could have been achieved during the same period , thus for example, when maximal
cumulative score (in four surveys/year) is 40, if the cumulative score of a participant laboratory (in the four
surveys) is 30, the performance index is calculated as: 30/40 = 0,75 or 75%.

10.4 Corrective actions by the participant

A laboratory that has received a report from the EQAS organizing centre indicating a failure should take
the following action for corrections:

Review the report which was submitted to the organizing centre for clerical errors in entry of results.

If no clerical errors have been found, review the records of internal quality control during the relevant time
when the measurements for the survey were made.

If the records do not indicate a failure of the instruments and/or reagents that were used, ask for a new
sample from the same lot from the EQA organizer and repeat measurement together with the original sample, if
this is possible, to disclose whether the original sample was unstable or whether it was inappropriately prepared
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for the analysis. Check the methodology and the instrument thoroughly to identify technical failures for
corrective action.

If there is evidence that the results from patients’ specimens are correct whereas the results of The quality
contro] materials are incorrect, the laboratory should inform the organizing centre of the observation.

An apparent problem of commutability of results may persuade the laboratory to change the method,
reagent or instrument.

NOTE:Using modern telecommunication an EQA scheme organizing centre can organize “on-line”surveys. In
such a survey the participants compare their results immediately after measurement through
communication with the centre using the Internet or e-mail. After instant evaluation of their results, the
participants can immediately control their working process and take action, if required.

s
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11.

EDUCATION AND TRAINING

Continuing education of laboratory personnel in quality management can be provided by the EQA scheme
organizer, professional organizations, universities and technical schools or the education department at the
Ministry of Health. Education in laboratory quality assurance should be part of the basic curriculum for students
in laboratory technology, pharmacy, medicine and nursing. The appropriate use of laboratory services, including
the rational ordering of tests, the adequate conditions of sample collection and the interpretation of laboratory
results, is an integral part of the quality assurance concept. The information should also be given to the laboratory
personnel as well as clinicians and nursing staff.

Laboratory personnel must take into account recommendations from the evaluation of EQA surveys. The
information may be provided by:

- Survey reports that should be as informative as possible

- Regular newsletters commenting on problems that were encountered during the surveys and comments
relating to the technical features and interpretation of test results. These reports should be prepared by the
EQA scheme organizer in collaboration with experts.

- Congresses and meetings that facilitate a broad diffusion of information. The state of the art in laboratory
practice and new development in laboratory technology can be reviewed and observations on the performance
of equipment and reagents can be communicated during meetings.

- Workshops with participants in an EQA scheme. It is advisable that this task be undertaken by the EQA
scheme organizer supported by experts.

NOTE: In developing countries the Government should essentially provide education and training of
personnel working in the rural areas. Non-governmental organizations may also assist or contribute
to the training of health workers.

- More difficult problems may be discussed by a group of experts on site at a particular laboratory. Although
workshops may be more expensive they are the most efficient means for educating laboratory personnel to
improve their performance.

Education and training should also be provided to the personnel of an EQA scheme organizing centre:

- on general understanding, including the theory of measurement and statistical procedures of evaluation of
data;

- on the production of control materials if these materials are locally prepared;

- on a critical analysis of the results of surveys and on corrective actions that ought to be taken; general
laboratory management.

- on the concepts and use of definitive and reference methods and routine methods, respectively.

- on aspects of national and international regulations on postage of biological materials.

In light of the importance of education for the success of EQA it is recommended to include the costs for
the training and new development in the budget of the programme. The expenses for training arise mainly for the
preparation of reports, workshops and visits to laboratories. In developing countries special attention should be
paid to the education and training of personnel working at peripheral level who otherwise receive little support.
In these countries the costs for training must be essentially provided by the government. The suppliers of
laboratory equipment and reagents can also support training courses on a voluntary basis without using the
courses for advertising their products. Private laboratories usually pay for their participation through fees to the
EQA scheme.
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APPENDIX I - TRAINING PROGRAMME FOR ORGANIZATION OF A

SCHEME

Potential organizers of a scheme may find it helpful to undertake a preliminary trial by a “mini-scheme” in
order to understand the various procedures which are required and, at the same time to introduce the scheme to a
small group of users who could form the core for its subsequent expansion.

The trial should include at least 15 participants. These should be conveniently situated to the centre to
avoid delay in receipt of the samples from the organizing centre. Initially only one analyte should be selected on
the basis of its importance and frequency in the diagnostic laboratory, but if possible there should be two
specimens with the analyte at two different concentrations for quantitative and semi-quantitative tests or with two
different abnormal features for qualitative tests.

Using the procedures described in this document as far as practical, the following protocol should be used:
A. Stability study

This is intended to assess the stability of various analytes under conditions of storage and delivery from
organizer to participants.

i. Prepare 10 samples of the specified material in vials.

ii. Check homogeneity by measuring the analyte in 10 random vials and determine the CV from the results.
Establish mean and SD. Store at 4°C.

=34

iii. Post one vial to each of three recipients, requesting that they be returned by post to the Organizer without

opening; also post one of the vials to the organizer’s own address.
iv. On receipt of the returned vials, measure the analyte in duplicate on each sample without delay.

v. Measure the analyte in duplicate on one of the remaining stored vials on alternate days so that measurements
are obtained for up to 12 days. Before each of these measurements remove the vial to be used from the
refrigerator, equilibrate to room temperature and (with whole blood) resuspend the cells by mixing on a
mechanical rotator for 10-15 minutes.

Conclusion: The material is satisfactory in those batches in which the results are within range of the target value
+25D.

NOTE:It'may be useful to simulate high ambient temperatures which may be encountered during transportation,
by keeping the materials at 37°C (as well as at room temperature) and examining the materials daily for 1
to 2 weeks.

B. Qualitative tests
1. Decide-on which test or tests should be undertaken, e.g.

G6PD screen test

Parasite ova or amoebae

Identification of bacteria of clinical importance, e.g. Vibrio cholerae, test for HBsAg
Blood film for malaria species

2. Procedure:

Carry out preliminary procedures as in A2.1 - A2.3.

Prepare a small batch of material as described in Appendix II

Send samples to the selected laboratories together with the appropriate instruction sheet and form for return of
results.

At the same time send samples to 3-4 identified experts/referees to obtain a consensus.

Send the participants a follow-up report.
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C. Quantitative tests

1

N

w

N

. Decide on which test or tests should be undertaken, e.g.

For haematology: haemoglobin
For clinical chemistry: = serum sodium
For clinical microbiology: VDRL test

. Preliminary preparations:

Identify thé participants

Prepare four sets of address labels for each participant

Send préliminary letter to inform participants what is planned and when the survey will take place.
Obtain 20-30 mL of anticoagulated whole blood as appropriate for the analyte. Blood must be negative
for HIV and hepatitis B and C. ‘

Dispense 2-3 mL of each specimen (with continuous mixing in the case of whole blood) into sterile
plastic or glass vials and seal with well-fitting stoppers.

Label the tubes with an identification code.

Pack into an appropriate package together with an instruction sheet which must include a final date for
submitting results and a form for the results.

. Data analysis:

Measure the specimens by a reference method or a carefully performed selected method to obtain the
target value.

By means of a calculator with a simple statistics programme obtain the mean (or median) of

the participants’ results and calculate the SD and CV. Plot the results on a graph to illustrate the
spread and indicate the target value.

. Follow-up:

Send the participant a copy of the graph and a summary of the results.
Invite comments/criticisms from the participants and propose a procedure and a date for the next trial.

Do not assess individual performance until you have obtained sufficient experience to ensure that

unsatisfactory performance (which must be defined) is due to participant error and not to the samples and/or the
procedure used in the survey.
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APPENDIX II - PRODUCTION OF QUALITY CONTROL MATERIALS

The distribution of fresh materials for quality control to a small number of participants is a simple and
easy means for a survey. However, the use of fresh material soon reaches its limits, when the number of
participants increases and/or the conditions do not allow its timelv delivery to the participants without risking
deterioration. In such a situation it is more appropriate to use stabilized quality control material for a survey. It is
imperative that quality control material is prepared according to a standardized manufacturing procedure to
ensure reproducibility and high quality. The preparation of quality control materials is described in the following
sections.

L. QUALITY CONTROL MATERIAL FOR CLINICAL CHEMISTRY

I.A  Lyophilized quality control serum
Preparation:
The preparation of lyophilized quality control serum includes the following steps:

Collection of raw material

Testing for infective agents

Defibrination (and delipidation if required)
Dialysis or ultrafiltration

Deep freezing of raw material

Thawing of frozen material

Spiking of stable components (if required)
Filtration of spiked material

Spiking of labile components (if required)
10.  Membrane filtration

11.  Filling into vials for dispatch

12.  Freezing

13.  One step lyophilization

14, Two step lyophilization

15.  Capping and sealing of vials

16.  Labelling of vials

VO R WD

Remarks:
(a) The raw material for the preparation of lyophilized quality control serum should be citrated plasma collected
by plasmapheresis.

(b) When raw material of human origin is used, it must be tested to ensure the absence of HIV 1 & 2, Hepatitis B
surface antigen and Hepatitis C antibodies by the collection centre (e.g., blood bank). Confirmation tests
should be repeated by the laboratory processing the raw material.

(c) After verification of the absence of infective agents, the citrated raw material must be recalcified, defibrinated
and dialysed or ultra filtrated to remove the citrate and to concentrate the proteins in solution. For
ultrafiltration using 0.2 pum membranes will reduce lipoprotein concentrations and remove contaminating
bacteria. The material can also be delipidated in a separate step. There are various procedures for
delipidation, e.g. lipoprotein precipitation with polyvanions, lipid extraction with carbon-tetrachloride or
fluorochlorocarbon, precipitation of lipoproteins with silica micro particles. However, each of these
procedures must be tested for utility to exclude specific effects on the measurement at certain analytes.

(d)The dialysed or ultra-filtrated material must be frozen and stored at -20 to -40°C for further processing.
Rapid freezing (shock or flash freezing) is an effective procedure to ensure the appropriate preservation of
serum components.

(e) For processing the frozen serum must be thawed at elevated temperature that should not exceed 10°C to avoid
the activation of enzymes. Batches of thawed serum are pooled in precooled containers.

(f) Stable components (electrolytes, creatinine, urea) are added in aqueous solutions. Steroid hormones are added
in alcoholic or cyclodextrane solutions. The spiked material is filtered for sterility and removal of turbidity.
The material may be kept in bulk for some time before it is dispensed into vials.
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NOTE: uric acid must be dissolved in alkaline water.

Labile components (bilirubin, glucose, enzymes) are added to.the material and filtered immediately before
filling into the vials. Enzyme preparations for spiking must be pure and without other interfering activities.
Control tests must be made after each step and adjustments must be made if necessary. .

NOTES: ‘ :

1.Certain quality control materials may require the addition of stabilizers and preservatives to ensure
long term stability of the product. However, it should be remembered that the majority of
lyophilized quality control materials do not require stabilizers or preservatives when the preparation
is made under sterile conditions.

2.The vials must be clean and sterile and they must be made of an appropriate material to resist
expansion of ice during freezing for lyophilization. Ordinary vials can be used when flash freezing
with acetone/dry ice. Pyrex vials should be used when flash freezing with liquid nitrogen.

3.1t is advisable to use an automated filling machine for the dispersion of aliquot volumes into the vials
to ensure reproducibility. The weight of the empty vials of a series should be determined before
filling and after lyophilization for the control of the appropriate volumes dispense into the vials.

4.The freezing of the material for lyophilization is the most critical step of the preparation. The
materials must be rapidly frozen for lyophilization to avoid denaturation of proteins and enzymes.
The most efficient way is the dispersion by spraying the material to be lyophilized through the
cooling chamber. The imprecision of the dispenser should be assessed before being used.

5.The lyophilization must be strictly controlled to ensure reproducibility. Large chambers should be
used to ensure constant conditions for the main step of lyophilization of the material dispensed in
vials. It is advisable to place the caps of the vials loosely on top of the opening of the vial during
freeze-drying. Residual moisture is removed by a second step of lyophilization. The chamber must
slowly aerated after lyophilization. The residual moisture should not exceed 1%.
Lyophilization removes volatile acids, such as carbon dioxide. Therefore the pH of the lyophilized
quality control material after its reconstitution may differ from the original material.

6.The capping of vials should be standardized, using a capping device if possible.

Reconstitution:

Special instructions must be given reconstituting the lyophilized material. The exact volume of distilled
water required for reconstitution must be indicated to the user and the process of reconstitution [time for warming
up the vial, temperature of the water to be added, time for dissolution of the 1yophlhzed in dlstllled water (usually
30 minutes)] should be exactly descrlbed
Quality control:
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a. Reproducibility:

The reproducibility of measurement of the concentration or activity of an analyte is determined after
reconstitution of a lyophilized quality control material. The vials must be selected from the beginning, the middle
and the end of the batch. The reproducibility of the weight of the filled and freeze-dried quality control material is

.determined from the difference of the weight of the empty and filled vials using scales that have been calibrated

with weight standards. The reproducibility should have a CV of 0,5% to 1%.
b. Turbidity:

Turbidity of lyophilized quality control serum is caused by a denatured proteins and lipoproteins. The

‘ turbidity of quality control serum by carefully prepared lyophilization should be Esss = 0,90 or less (see Table

AIl-1)
c. Batch homogeneity:

The time between spiking of the raw material with labile components (glucose, bilirubin) and
lyophilisation of the dispensed solution into the vials should be less than six hours, otherwise significant
difference may occur in the concentrations of the labilé component in the vials.

d. Stability:
The stability of each lyophilized batch must be controlled over prolonged periods. For this, the
components in specimens of lyophilized material stored at three temperatures: +8°C; +25°C; +37°C must be

analyzed at regular intervals. After reconstitution, the material must be stable for at least four hours to ensure
proper analysis by the user laboratory.

Table AII-1 - The general requirements of the human quality control, serum

- pH within 7.2 and 7.8 at 37°C
" - water content of lyophilized material less than 1%
- osmolality (for control serum) less than 350 mosmol/kg
- maximum reconstitution time of lyophilized material: 30 min
- stability of the material must meet the conditions of external quality assessment
Surveys :
- stability of the material during the first 4 hours after reconstitution must be that the results of
measurement of labile components do not change by more than 2% of their expected value.
- no signs of haemolysis (unless deliberate)
- no interfering chromogens (unless deliberate)
- glycerol content less than 0.5 mmol/L (unless deliberate)
- absence of interfering proteases
- no reactivation of enzymes (in principle)
- viscosity close to that of fresh human materials
- bacterial counts less than 10 colony forming units/mL
- tested negative for hepatitis B and C, HIV 1, 2 (and 3 in some areas - unless for hepatitis and
HIV surveys)
- content of ammonia immediately after reconstitution less than 50 mol/L.
- absorbency (for control serum): 340 nm: less than 4
461 nm: less than §
546 nm: less than 0.9
700 nm: less than 0.8
- Vial-to-vial variability (CV 0.5%to 1%)
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I.LB Liquid control serum of animal origin stabilized with ethylene glycol

This section described a modified preparation of a liquid quality control serum that has been outlined in
more detail in an earlier WHO document (20). It has been tested and is used by various EQAS organizers.

* In serum containing 25% ethylene glycol, the analytes listed in Table 11.2 are stable for 12 months at 4°C.
Alkaline phosphatase, GT, ASAT, glucose and the other analytes are stable at 32°C for at least nine days,
provided that the quality control material is not contaminated by microorganisms. The glycol stabilized material
is particularly suitable for EQA surveys in tropical and subtropical climates. ‘

The addition of any liquid to serum results in a dilution of the concentration of all analytes. This requires
the laboratory to add compounds to restore the concentration of some constituents. To minimise the effect of
dilution by ethylene glycol this it is best to freeze a carefully mixed serum pool. On thawing, the top layer will
contain very low concentrations of all constituents. A volume, equivalent to 25% of the total, is removed and
replaced with the same volume of ethylene glycol. It is then mixed carefully. The serum may be assayed for any
constituent and compounds added to increase the concentration of certain analytes.

The preparation of a small batch with the concentration of analytes in the medium range helps the
laboratory to gain expertise. Thereafter, the laboratory can prepare larger volumes at low, medium and high
concentrations of the analytes.

Preparation:

1. Start with 1 litre of fresh bovine (porcine or equine) serum.

2. Carefully mix to ensure homogeneity and freeze completely at -20°C.The remainder of the process must be
completed within one working day to avoid possible deterioration of the serum at ambient temperature.

3. Allow to thaw at room temperature. DO NOT DISTURB OR MIX.

4. When completely thawed remove 250 mL of the top layer of fluid. This volume consists mainly of water or
very dilute serum.

5. Replace this volume by adding 250 mL of highly pure ethylene glycol (BP grade).

6. Mix carefully and filter through non-absorbent cotton wool to remove any aggregates.

7. Measure the concentration of the relevant analytes and construct a table identical to Table AII-2, filling in
your own measured concentrations (column 4).

8. Enter the desired concentrations in column 3 and use the table to calculate the amounts of analytes to be added
as described below. : : '

9. When spiking analytes it is best to dissolved the analyte in a small volume that may be mixed with a vortex
and then adding this to the main volume. This ensures greater homogeneity.

Adjustments will be required for alkaline phosphatase, amylase, bilirubin, glucose and urea.

The following pure analytes are commercially available as chemicals that can be mixed with the original
serum:

bilirubin

calcium (as calcium chloride)
creatinine

glucose

magnesium (as magnesium dichloride)
potassium (as potassium chloride)
sodium (as sodium bicarbonate)

urea

uric acid (as sodium salt)
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Table AII-2 - Approximate measured and desired concentrations or activities for
quality control serum (bovine origin)
Constituent Units Desired _ Measured
concentration* concentration*®
Albumin g/l 38 38
Alkaline phosphatase U/L 150 50
Amylase U/L 300 0
AST U/L 80 80
Bicarbonate mmol/L 14 14
Bilirubin mol/L 35 3
Calcium mmol/L 2,55 2,55
Creatining mol/L. 90 90
Glucose mmo/L 5.6 2,5
Potassium mmol/L 4,1 4,1
Sodium mmol/L 135 135
Total protein gL 65 65
Urea mmol/L 7,0 4,1

*or activity
Adjust the concentration of analytes as follows:
(a) Alkaline phosphatase

Amount to be added to 1 litre = desired activity - measured activity;
i.e. from the example in Table AII-2:
150 - 50 = 100 units to be added to 1 litre.
This may be added as a powder or a concentrated suspension.

Alkaline phosphatase is commercially available. A detailed description for the preparation of alkaline
phosphatase from human placenta is given in the addendum.

(b) Amylase

Amount to be added to 1 litre = desired activity - measured activity;
i.e. from the example in Table ATI-2:
300 - 0 = 300 units to be added to 1 litre.

Human saliva contains about 1000 units amylase/mL; thus 0,3 mL contains 300 units. Collect about 1 mL of
saliva, centrifuge at about 3000 g for 10 minutes then add 0,3 mL of supernatant to 1 litre of stabilized control
serum. Measure the amylase activity of the control serum at 37°C to confirm that it is approximately 300 U/L.

(©) Bilirubin

Amount to be added to [ litre = desired concentration - measured concentration;
i.e. from the example in Table AII-2:

35-3=32 mol/L (1 mol= 0,59 mg)

32 x 0,59 =9 mg to be added to 1 litre.

Weigh out 9 mg of bilirubin (32 mol), dissolve in 4,0 mL of 0,1 mol/L sodium hydroxide to produce a clear red
solution; when the bilirubin has completely dissolved, add the solution to [ litre of stabilized control serum, with
constant stirring. Avoid bright light while mixing. The final control serum must be protected from light to avoid
destruction of the bilirubin.
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(d) Glucose

Amount to be added to 1 litre = desired concentration - measured concentration;
i.e. from the example in Table AII-2:

5,6 - 2,5 =3,1 mmol (1 mol = 180 mg)

3,1 x 180 =558 mg.

Add 558 mg of glucose to 1 litre of stabilized serum, mix gently and thoroughly to dissolve.
(e) Urea

Amount to be added to 1 litre = desired concentration - measured concentration;
i.e. from the example in Table AII-2:

7,0 - 4,1 =2,9 mmol (1 mmol = 60 mg)

2,9x60=174 mg.

Add 174 mg of urea to 1 litre of stabilized serum, mix gently and thoroughly to dissolve.

It may be necessary to add appropriate volumes of ethylene glycol if the total volume has been increased
by addition of spiking solutions with bilirubin or creatinine. Mix very thoroughly.

The final material must be mixed thoroughly and dispensed into suitable clean, dry, amber-coloured
bottles or vials, capped firmly and stored at 4°C or at -20°C. If amber-coloured containers are not available, the
serum must be protected from light to avoid destruction of the bilirubin.

NOTES:

1. Clean and aseptic techniques should be used to reduce the possibility of contamination.

2. Prior to analysis the serum should be allowed to read ambient temperature, and be mixed carefully.
It should be kept in the dark to avoid destruction of the bilirubin. ‘ '

3. Serum preserved with ethylene glycol may not be suitable for methods employing dialysis.
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ADDENDUM: PREPARATION OF ENZYME CONCENTRATES
The preparation of a number of enzyme concentrates from tissue sources can be used to fortify batches of control
serum.
I. ALKALINE PHOSPHATASE, ALP (EC 3.1.3.1)

Homogenize human placenta using 2 ml water per g tissue.

Add 1 mL n-butanol per g tissue and stir for about one hour.

After centrifugation fractionate the aqueous layer with acetone at 4°C.
Retain the precipitate formed between 33% and 50% (v/v) acetone.

Dissolve in 0,01 mol/L tris-HCI buffer, pH 7.7, and dialyse overnight against the same buffer.

The average yield is 52 units per g tissue; the ALP:ASAT ratio is greater than 57:1 and ALAT activity is
undetectable. The enzyme and all other enzyme preparations described below are distributed in small vials and
stored at -20°C until required. The activity of each enzyme is measured by the difference before and after
addition using a suitable dilution in serum. ‘

ii.

ALANINE AMINO TRANSFERASE (ALAT) (EC 2.6.2.2)

Homogenize human liver, classified as normal by the pathologist, in 0,05 mol/L Tris-HCI buffer, pH 7,0
containing 10 mmol/L 2-mercaptoethanol and 10 mmol/L. EDTA, in 3 mL buffer per gram of tissue.
After centrifugation, place the supernatant in a water-bath at 60°C, brought to 52°C, then rapidly

cool in an ice-bath.

Fractionate the heat-treated sample with ammonium sulfate at 4°C.

The precipitate formed after addition of 16 g ammonium sulfate per 100 mL contains most of the

ALAT activity.

Separate, dissolve in, and dialyse the precipitate overnight against 0,015 mol/L Tris-HCl buffer,

pH 7,25, containing 2 mmol/LL EDTA and 10 mmol/L 2-mercaptoethanol.

Retain the supernatant for ASAT preparation.

The average yield is 14 units per g tissue and the ALAT-ASAT ratio 4,5:1. The ALP activity in this preparation
is negligible.

Ox, pig and horse livers do not yield satisfactory ALAT preparations, the ratio of AST:ALT activity in the initial
extract being very much greater, about 10:1 compared with 2:1 in human liver.

iii. ASPARTATE AMINO TRANSFERASE (ASAT) (EC 2.6.1.1)

ASAT may also be extracted from human liver by the above procedure.

Add further 14 g ammonium sulfate per 100 mL to the supernatant from the ALAT preparation.

The precipitate formed contains most of the ASAT activity.

Dissolve the precipitate in and dialyse against 0,015 mol/L Tris buffer to remove ammonium sulfate.

The dialysed material is suitable for addition to quality control material. The average yield is 25 units per g
tissue and the ASAT:AL AT ratio 25:1.























































