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The standardization of diagnostic immunofluorescence is a complex problem because
diagnostic results are greatly influenced by interacting factors, such as the equipment,
materials, and techniques for expressing and recording fluorescence. Furthermore, the
characteristics of immunofluorescence reagents depend on how they are manufactured and
used. The adoption ofstable reference preparations ofsuch reagents appears to be the only
practicable way ofstandardizing laboratory test results. Several professional and regulatory
organizations are actively promoting this objective. Consensus evaluation may be the best
method of introducing proposed standards. Basic and applied research must provide the
information needed to improve reagents and tests.

Material fluorescent standards are proving helpful in standardizing fluorescence emis-
sion, but the most promising development is the use of insolubilized antigens to provide
standards for more relevant immunological-fluorescence comparisons.

Several important direct and indirect diagnostic immunofluorescence tests and reagents
currently used in microbiological, histological, and pathological examinations require
standardization. The medical profession should insist that commercial reagents be ade-
quately characterized and that manufacturers supply the data necessary for their safe and
informed use.

THE PROBLEM

The diagnostic potential of immunofluorescence
techniques began to be realized about 15 years after
the development of the original method by Coons et
al. (1941). Until that time, little impetus existed for
standardization because workers in the field were
busily exploring the applicability of immunofluores-
cence methodology to fundamental biological prob-
lems. The advent of routine diagnostic applications
of the technique has generated an urgent need for
standardization and also for commercial reagents of
consistently high quality. Immunofluorescence is still
a rapidly evolving, complex area of intensive investi-
gation. A number of recent conferences (Holborow,
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1970; Beutner, 1971a; Soothill, 1971) have revealed
the complexity of the problems inherent in attempt-
ing to standardize immunofluorescence procedures
and reagents used for the diagnosis of disease in man.
No general discussion of immunofluorescence stan-
dardization would be complete without mention of
the monographs by Goldman (1968), Kawamura
(1969), and especially Nairn (1969). Faulk & Hij-
mans (1972) have reviewed recent developments in
the field.

Table 1 briefly presents themain aspects ofimmuno-
fluorescence standardization to be taken into account.

First, most antigens of diagnostic significance are
complex and incompletely defined, whether derived
from extrinsic pathogens or from the response of the
host to pathogenic stimuli. Even a relatively simple
antigen may elicit an extremely heterogeneous host
response that involves both cellular and humoral
immunity with the simultaneous production of differ-
ent classes and subclasses of antibody, the relative
concentrations of each changing with time and each
representing heterogeneous molecular populations
with respect to specificity, avidity, and physicochemi-
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Table 1. Some interdependent variables of immunofluorescence (IF) standardization

IF antiserum production

immunogen source, purification, testing

animal immunization, bleeding

serum fractionation, analysis (CASE)

fluorochrome labelling (F/P ratios)

sorptions (soluble, insoluble)

potency testing (titre, Ab protein, RID)

specificity testing (Ouchterlony, I E, IF)

Direct test conjugates

evaluation of specificity and potency for numerous antigens
important to microbiology and pathology

Indirect test conjugates

anti-Ig (H and L chain " broad-spectrum" specific)

anti-IgG (class-specific)

anti-IgM (class-specific)

anti-IgA (class-specific)

anti-complement (Clq, C3, etc.)

Equipment and observation

visual versus microfluorimetric

optical alignment

excitation source

filters

condensers

objectives

oculars

Reference materials

standards for fluorochrome purity

protein standard

standards for fluorescence intensity

standard IF antisera (direct and indirect)

pure 1g antigens for standardizing indirect IF antisera

species-specific antisera (rabbit, goat, etc.)

Proficiency evaluations

reference specimen panels

statistical evaluation and correlations

screening versus definitive diagnosis

automation versus manual procedures

consensus evaluations and certification

cal characteristics. Patients may show different pat-
terns of response within the "normal " range of
biological variability, which itself is usually unde-
fined. Diagnostic antisera are made in mature ani-
mals that have antibody populations peculiar to their
individual genetic and environmental endowment,
and these may cross-react in diagnostic tests. Super-
imposed on this pattern of antibody heterogeneity is
the possibility, during fluorochromal labelling, of
producing underlabelled and overlabelled antibody
as well as labelled nonantibody molecules in the
same reagent. Analytical results obtained with such a
complex mixture must be carefully controlled and
cautiously interpreted.

Secondly, a large number of variables related to
microscopy require control. Important instrumental
factors influencing the visual or microfluorimetric
interpretation of fluorescence reactions are (1) opti-
cal alignment, (2) excitation source, (3) filters,
(4) condensers, (5) objectives, (6) oculars, and
(7) spectral sensitivity of microfluorimeter photo-
cells. Image magnification, contrast, aberration, and
resolution also are affected. The fluorescence inten-

sity, uniformity, fading, colour, and consistency vary
with these factors. The method of recording fluores-
cence reactions also imposes variables. Visual obser-
vation, for example, is influenced by dark adapta-
tion, colour perception, the sensitivity and acuity of
the eye, and the experience of the observer. Photo-
metric recording of fluorescence is subject to error
arising from an inability to discriminate specific
antigen fluorescence from that given by other par-
ticles of similar size and form.

Finally, the functioning of reagents, equipment,
and techniques is interrelated to a high degree.
Standardization in one or two of these subcategories
is useful but does not ensure the reliability of the
diagnostic procedure, which may be dependent on
precise control of a third category or of the system as
a whole. Components standardized for one applica-
tion of immunofluorescence testing may be quite
unsuitable for another. For various reasons, an
antihuman IgG conjugate that performs satisfacto-
rily in the antinuclear antibody (ANA) test may not
be acceptable for the fluorescent treponemal anti-
body-absorbed (FTA-ABS) test. A filter system that
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functions well for immunofluorescence examinations
of tissues, such as in the diagnosis of rabies in animal
brain, may be unsuitable for the detection ofgroup A
streptococci from nasopharyngeal swabs.
Most " insiders " are fully aware of the urgent

need for immunofluorescence standardization, but
the pitfalls may not be as apparent to some users of
the technique in clinical laboratories. Problems with
commercial immunofluorescence reagents have been
reported by many investigators, including Janeway
(1969), Mostratos & Beswick (1969), Peetoom &
Mulder (1969), Brighton & Hayhoe (1970), Reimer
et al. (1970), Remington (1970), Beutner (1971b),
Hebert et al. (1971), Phillips et al. (1971), Shore et al.
(1971), and Hunter et al. (1972).

A PRACTICAL PHILOSOPHY
FOR STANDARDIZATION

In two papers presented at the Symposium on
Defined Immunofluorescent Staining, held in Stock-
holm in 1970 (Rowe, 1971; Anderson et al., 1971),
investigators discussed the ineffectiveness of attempts
to produce high-quality reagents by trying to specify
manufacturing techniques. In contrast, systems for
reagent standardization that require stable reference
preparations (material standards) available to pro-
ducers, users, and regulators have been used success-
fully for many years to standardize complex biologi-
cal products, such as antibiotics, hormones and
vaccines, for therapeutic use. Anderson & Addison
(1970) listed five requirements for such standards:
(1) the standard preparation, which is usually in the
freeze-dried state, must be stable during storage and
in shipment; (2) ideally, the substance to be tested
should be qualitatively identical with the standard,
differing only in the concentrations present; (3) the
test material and the standard should be tested at the
same time and under the same conditions; (4) the
specificity of the test should be demonstrated to
measure only the activity desired, e.g., for the stan-
dardization of antisera to human IgG the test should
not detect other human proteins or immunoglobulin
classes but it should detect all subclasses of IgG
without bias; and (5) ideally, the dose-response line
for the test substance and the standard should be
linear and parallel for some portion of their length. If
these conditions are met, the ratio of the potency of
the standard to that of the test material should be
relatively independent of the method used to compare
the two. National (or commercial) centres would use
a primary international standard to calibrate secon-

dary standards; these, in turn, would be used to
calibrate working standards and reagents.
The superiority of standardization by the use of

stable reference preparations seems well established.
The suitability of a diagnostic antiserum cannot be
predicted from knowledge of its mode of manufac-
ture. In the final analysis, the adequacy of diagnostic
products and procedures must be established by
empirical testing in the definitive system of use. This
is done by comparing the test specimen with accepted
reference preparations. But this does not detract
from the desirability of minimizing variations by
specifying methods for testing. The producer, the
user, and the regulatory authority should benefit
from reference preparations being used in specified
tests which, in time, become familiar to all. In
addition, ancillary immunofluorescence standard
preparations should be developed and certified for
investigational use as guides in evaluating compo-
nent parts of the complex system, such as microscope
performance and immunoglobulin class and subclass
specificity.

PROFESSIONAL AND REGULATORY ORGANIZATIONS
INVOLVED

IN IMMUNOFLUORESCENCE STANDARDIZATION'
Medical Research Council (MRC) Division of

Biological Standards (DBS) 2

DBS, in collaboration with WHO, has been active
in the preparation of homogeneous antinuclear fac-
tor serum (Anderson et al., 1971), antinucleolar
factor plasma (68/340),3 and fluorescein isothiocya-
nate (FITC) conjugates for the human immuno-
globulins (68/45).4 DBS issues both 68/45 and 68/340
as research standards. The antinuclear factor serum
has been designated as a WHO international refer-
ence preparation and is held at the State Serum
Institute in Copenhagen (WHO Expert Committee
on Biological Standardization, 1971).

1 The authors think that, to qualify for inclusion in this
section, a professional or regulatory organization should have
assumed or demonstrated a continuing responsibility for
effective immunofluorescence standardization of national or
international scope. Relevant symposia and international
conferences were mentioned in previous sections. We have
made a sincere effort to cite all significant activities in this field
and apologize in advance for the omission of any that may be
in progress in countries other than those mentioned.

' National Institute for Medical Research, Mill Hill,
London, N.W.7, England.

'Anderson, S. G. (1970) Antinucleolar factor plasma,
London (National Institute for Medical Research mimeo-
graphed document).

' Shatwell, H. S. (1971) Fluorochrome-labelled antibodies
to human immunoglobulins, London (National Institute for
Medical Research mimeographed document).
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International Union of Immunological Societies
(IUIS) Standardization Committee
IUIS, founded in 1969, now represents 16 national

immunological societies and has encouraged observ-
ers from 10 additional countries in which national
societies have not yet been formed. IUIS sponsored
the First International Congress of Immunology,
which was held in Washington, D.C., in August 1971
and will be followed by similar congresses in
Brighton, England, in July 1974, and in Sidney,
Australia, in 1977. It also sponsored topical sym-
posia in Yugoslavia in 1971 and in Norway in 1972,
and a third symposium is scheduled to beh eld in
Romania in 1973. A most important long-range
activity is represented by the IUIS Standardization
Committee. This committee has established a formal
relationship with WHO and is attempting to form a
permanent (funded) secretariat, which eventually will
distribute critical immunological reference prepara-
tions. Standardization subcommittees have been
formed for studies on immunoglobulins, serum pro-
teins, complement components, allotypes, lens pro-
teins, allergens, histocompatibility antigens, and
immunofluorescence. Additional subcommittees are
being formed to consider standardization in auto-
immune diseases and in radioimmunoassay. Re-
cently, priorities were set by this group for the
development of specific reference preparations and
specifications for standardization, the first priority
being fluorescent conjugates for human Ig (H and L
chain-specific) and for class-specific antihuman IgM.'

Statens Bakteriologiska Laboratorium 2

SBL functions as the immunofluorescence stan-
dardization organization of Sweden. It monitors
10 other laboratories involved in immunofluores-
cence testing, distributes a Swedish ANA standard,
and conducts field trials.

National Committee for Clinical Laboratory Stan-
dards (NCCLS) 3

NCCLS was established in 1968 as an interdisci-
plinary, nonprofit organization to promote the devel-
opment and use of national and international stan-
dards in clinical laboratories. It prepares written

1 Further information can be obtained by writing to
Dr M. Raynaud, Chairman, IUIS Standardization Commit-
tee, Institut Pasteur, Annexe de Garches, 92 Garches, France;
or to the Committee Secretary, Dr Irene Batty, Wellcome
Research Laboratories, Langley Court, Beckenham, Kent
BR3 3BS, England.

2 Stockholm, Sweden.
' 2525 West Eighth St., Los Angeles, Calif. 90057, USA.

specifications for standardization and expedites their
review and acceptance, but is not a source of physical
materials used in quality control. The NCCLS Sub-
committee on Fluorescent Antibody Techniques is
currently considering a number of specifications. One
of these-for the determination of the purity of
FITC-will be issued as an approved specification in
the near future. Six others that are being considered
for issuance as proposed specifications deal with
procedures for (a) the determination of fluorescein/
protein ratios in FITC-labelled protein and (b) the
evaluation of labelled antibodies for the detection of
Salmonella and Escherichia coli.

Biological Stain Commission (BSC) 4

BSC, in collaboration with the Center for Disease
Control (CDC), established a procedure for assaying
and certifying the purity of FITC marketed by
commercial manufacturers in the USA (Cherry et
al., 1969). Unfortunately, BSC certification is not
a prerequisite for selling FITC. At present three
certified dyes are on the market. Since fluor is the
sine qua non of immunofluorescence, it is essential
to know the purity of this material in order to be
able to control both the degree of labelling and the
amount of nonspecific staining (NSS). NSS is here
defined as unwanted fluorescence produced by a
conjugate participating in a staining reaction not
known to be immunologic.

Biological Reagents Section of the Center for Disease
Control (CDC) 5

For many years CDC has distributed reference
preparations of several direct staining fluorescent
antibody reagents for use in the detection of certain
bacterial, fungal, and viral agents. Antigens, control
sera, and antihuman immunoglobulin conjugates for
the diagnosis of syphilis and toxoplasmosis by indi-
rect immunofluorescence tests also are available as
reference reagents. For the most part, these reagents
have not been subjected to formal collaborative
evaluation or to the detailed analyses characteristic
of " standard " materials. Nevertheless, they have
proved valuable to public health and hospital labora-
tories throughout the USA when used to control
diagnostic tests performed with commercial reagents
of unknown quality.

Efforts are now being made to evaluate practical
methods for ensuring that antisera to the immuno-

4University of Rochester Medical Center, Rochester,
N.Y. 14642, USA.

' Atlanta, Ga., USA.
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globulins are class-specific. Highly purified human
immunoglobulins, IgG, IgM, and IgA, are being
produced for use in definitive operational tests of the
specificity and potency of commercial antisera. Ini-
tial plans are for standardization at the level of
sensitivity appropriate for gel diffusion, but research
is under way to find ways of using these purified
antigens in standardizing immunofluorescent anti-
sera for immunoglobulin class specificity in indirect
immunofluorescence studies. The great sensitivity of
immunofluorescence techniques requires that the
reagents be standardized under actual test condi-
tions. The fluorescent treponemal antibody (FTA)
test exemplifies the problem (Julian et al., 1969).

US Food and Drug Administration 1

In January 1972 and, more recently, in March
1973, the US Department of Health, Education, and
Welfare published in the Federal Register notices
" advising manufacturers, packers, and distributors
that the Food and Drug Administration (FDA)
would propose regulations governing in vitro diag-
nostic products for human use." Immunofluores-
cence reagents are, of course, included among these
products. Thus FDA, with the assistance of CDC,
has initiated procedures that will eventually lead to
(a) the registration of all manufacturers and proces-
sers of in vitro diagnostic products; (b) the establish-
ment of product class standards where appropriate;
(c) the performance of methodology research on
diagnostic materials for the development of new or
improved product class standards; and (d) where
necessary, the evaluation of products to determine if
their performance meets applicable standards.

Current indications suggest that a number of
countries independently are considering new legal
requirements for diagnostic products. Whenever pos-
sible, separate national efforts should be unified
through cooperative effort towards international
standardization. These developments are indicative
of a favourable climate for improving immuno-
fluorescence reagent quality.

Legal regulation of this kind undoubtedly will
bring new problems. Initially, at least, the technical
load may overwhelm the regulatory agency. Long-
term improvement of reagent quality may be seri-
ously inhibited if inflexible performance standards
are set too early for a rapidly developing science.
Thus, Garratty & Petz (1971) found that most
commercial Coombs' test reagents were inadequate

1 Department of Health, Education, and Welfare, Wash-
ington, D.C. 20204, USA.

in that they did not contain any antibody to cell-
bound complement components. Standards for
Coombs' test reagents were set by the US Division of
Biological Standards in 1949, but at no time have
these standards been revised " to take advantage of
the advances in immunohematology that have taken
place in the last 21 years." Perhaps standardization
committees of the professional societies could play
an important role here: that of systematically and
periodically reviewing all standards with the goal of
modifying them as indicated by the most recent
knowledge.

Private enterprise is understandably concerned
about its proprietary rights. In part these fears
should be allayed if the regulatory agency adopts a
" pass or fail " approach to reagent approval based
solely on performance testing. However, the relation-
ship best serving the public interest could be achieved
if the regulatory agency evaluated product perfor-
mance against accepted standards and if the regu-
lated company provided the maximum of nonpropri-
etary data about its products.

IMMUNOFLUORESCENCE TESTS REQUIRING
STANDARDIZATION

Effective scientists often prefer to undertake re-
search into problems that they think can be solved by
a reasonable effort. On the other hand, the needs of
society often demand progress toward the solution of
serious public health problems of great complexity.
Table 2 lists the immunofluorescence tests that, in the
authors' opinion, most require standardization.
Specifically, human rabies is rare in the USA but is
usually fatal, whereas influenza results in much
morbidity but, in most years, relatively little mor-
tality. Both diseases can be effectively diagnosed by
immunofluorescence, and so deserve our attention.
Hog cholera-a disease of great economic impor-
tance to man's food supply-is best diagnosed by
direct immunofluorescence tests, but indirect tests for
antibody have become increasingly important for
surveillance and for epidemiological studies. The
rapid diagnosis of enteroviral meningitis by indirect
staining of cerebrospinal fluid leukocytes with com-
bination antiserum pools has been reported by L. H.
Taber et al. (unpublished data, 1973). Trachoma is a
disease of enormous human and economic concern
because it may produce blindness. Indirect immuno-
fluorescence tests that specifically detect human IgM
are of particular importance for the diagnosis of
serious perinatal infection leading to birth defects



STANDARDIZATION

Table 2. Major immunofluorescent tests and reagents
requiring standardization

Direct immunofluorescence
Bacterial:

Actinomyces

Bordetella pertussis a

Clostridia

Escherichia colia

Hemophilus influenzae

Treponema pallidum a

Mycological:

Sporothrix schenk

Coccidioides immitis

Parasitological:

None?

Viral and rickettsial:

adenoviruses

enteroviruses a

Chlamydia trachomatis a

Neisseria gonorrhoeae a

Neisseria meningitidis

Salmonella a

Shigella

Streptococcus pyogenes, group A a

Streptococcus pneumoniae

Histoplasma capsulatum

Blastomyces dermatitidis

Cryptococcus neoformans

hog cholera virus a

influenza viruses

rabies virus a

Histological:

antinuclear antibody (3 standards: specific for homogeneous,
nucleolar, and speckled patterns) a

antihuman complement (specificity to Clq, C3, C4 collectively and
antisera specific for each of the C components) a

antibody to normal and malignant tissue antigens (various
specificities)

Indirect immunofluorescence

antihuman Ig (H and L chain specific) a

antirabbit Ig (H and L chain specific) a

antihuman IgM (class-specific) a

antihuman IgG (class-specific) a

antihuman IgA (class-specific)

antihuman secretory piece (free secretory piece and secretory
IgA specific) a

antihuman (k, A) (2 standards, specific for each of the light
chain types) a

antihuman (yI, V2, V3, V4, ai, a2) (6 standards, specific for
each of the characterized subclasses)

a = highest priority

(syphilis, rubella, toxoplasmosis, cytomegalovirus,
herpes virus, and others) or for epidemiological and
vaccine studies that attempt to assess the role of IgM
in recent or old infection or immunization. The
recent report of Shirodaria et al. (1973) points to the
need for good diagnostic antisera to IgM for the
interpretation of the anti-antibody role of rheu-

matoid factor in the presence of viral specific anti-
body. The detection of specific secretory antibody
may be of increasing importance for the diagnosis of
respiratory, ocular, gastrointestinal, or urogenital
infections. Recently, immunofluorescence antisera
specific for immunoglobulin (Ig) heavy chain class
and for light chain type have proved useful for basic
studies of the antigen receptor sites on the surface
membranes of antibody forming cells. Good (1972)
and Aisenberg & Bloch (1972) recently reviewed the
use of these reagents for differentiating B-lympho-
cytes from T-lymphocytes and for subclassifying the
human leukaemias. Specific immunofluorescence
antisera to human complement components and
immunoglobulins are important for studies of the
pathogenesis of immune complex disease, including
the diagnosis of glomerular nephritis.

Labelled species-specific antiserum (e.g., antiserum
to rabbit Ig) could serve, in principle, as a kind of
universal indirect immunofluorescence research re-
agent in situations where antigen-specific rabbit anti-
body (unlabelled) is available.

PROMISING TECHNICAL DEVELOPMENTS

Most workers accept the paradigm that diagnostic
products and procedures must be standardized by
evaluating their performance in definitive proficiency
tests in the diagnostic system for which they were
designed. Nevertheless, ancillary standards should
prove most valuable in controlling parts of the
complex procedure. Theoretically, the availability of
reference materials to control microscope perfor-
mance adequately or to define the Ig class specificity
of indirect immunofluorescence diagnostic antisera
should effectively solve the problems posed by these
important variables.
The uranyl glass slide suggested by Rigler (1967)

was successfully employed by Ploem (1970), who also
evaluated phosphor crystals and fluorescein micro-
droplets as reference materials to standardize micro-
scope performance. Jongsma et al. (1971) compared
several methods for quantifying immunofluores-
cence; the most promising was the measurement of
the fluorescence of a known volume of fluorescein
enclosed in a quartz microcapillary. Sensitive and
stable photomultiplier systems for the precise mea-
surement of fluorescent light output at the micro-
scope ocular are available from several firms.
For the standardization of the Ig class specificity

of diagnostic antisera, highly purified preparations of
human IgG, IgM, IgA, etc. can generally serve as
reference antigens for operational tests in the systems
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of interest. Carmargo & Ferreira (1970) covalently
bound soluble antigens to cellulose particles by the
cyanogen bromide method. Particles such as these
could be used as immunochemically defined micro-
scopic specimens to assess the specificity of immuno-
fluorescence antisera quantitatively as well as to
evaluate microscope performance. By using agarose
gel beads of uniform size, Hijmans et al. (1973) and
van Dalen et al. (1973) significantly improved the
procedure. In an attempt to combine fluorescence
emission and Ig class specificity testing into a single
standard, Brandtzaeg (1972) prepared an inert matrix
composed of normal rabbit serum polymerized with
glutaraldehyde to form an open gel matrix, which
was thin-sectioned to make an artificial tissue. Anti-
gen was allowed to diffuse into the matrix, which was
then treated with Ig class-specific FITC-labelled
antibody. Berquist et al. (1972) produced solid,
polymerized, spherical particles of antibodies by
treating antigen with glutaraldehyde under control-
led conditions. When treated with appropriate con-
centrations of FITC-labelled antigens, the spheres
could be used for quantitative immunochemical stu-
dies. These authors also suggested the use of the
reverse procedure-polymerization of spherical par-
ticles of purified immunoglobulins to standardize the
Ig class specificity of IF antisera. Killander et al.
(1970) quantified immunofluorescence by using indi-
vidual erythrocytes coated with highly purified im-
munoglobulins.

These techniques suggest the feasibility of produc-
ing reference preparations that could serve as inex-
pensive, stable, immunologically defined standards
for general distribution for the quantitative and quali-
tative evaluation of indirect immunofluorescence re-
agents and of microscope performance. At the CDC
we are investigating the problems of standardization
for Ig class specificity of diagnostic antisera at levels
of sensitivity appropriate for different types of test
(Reimer, 1972). In addition, we are evaluating the
feasibility of producing limited amounts of reference
materials, such as purified human IgM and IgG
antibodies to T. pallidum (Hunter et al., 1972).

RECOMMENDATIONS FOR BASIC
AND APPLIED RESEARCH

For many indirect immunofluorescence systems,
basic research is needed to define the relative impor-
tance of various classes and subclasses of human
antibody to the pathogen concerned. Ultimately,
knowledge is needed of the relative amounts and

avidity of these different populations of antibody
molecules, their temporal changes, and equilibrium
displacements. This knowledge would help to define
the characteristics of specificity desired for diagnostic
antisera made in animals.

Direct tests involve interrelationships of antigen
and antibody that may be fully as complex as those
encountered in indirect tests. In many immunofluor-
escence systems, especially those for microorgan-
isms, no attempt has yet been made to match the
specificity of the labelled antibody with that of the
dominant antigen in the diagnostic material. The
process of sorting out these antigen-antibody sys-
tems and identifying the one that is the most specific
for each serologic entity will be a formidable but
interesting task, and one that has hardly begun.
True automation of routine diagnostic immuno-

fluorescence testing is a worthy objective but has not,
to the authors' knowledge, been achieved. Of the
highest priority is a dependable read-outosystem for
sensing and recording fluorescence emission from
large numbers of samples. Only highly developed
photofluorimetric information processing systems
can discriminate specific from nonspecific signals
where similar morphology is a factor. Some instru-
ments have been developed that appear to show
considerable promise for detecting and recording
fluorimetric emission from some indirect immuno-
fluorescence tests, such as those for toxoplasmosis
and malaria. Successful automated procedures
should lead one to the same conclusions as conven-
tional manual procedures do.

RECOMMENDATIONS FOR CONSENSUS
EVALUATIONS AND CERTIFICATION
OF REFERENCE PREPARATIONS

National centres of diagnostic competence and
other interested groups should attempt to produce
sizable lots of the insolubilized immunoglobulins to
serve as ancillary reference preparations, as discussed
under " Promising technical developments ". These
developments should first be described in publica-
tions; the exchange of samples of the reference
preparation among interested groups for consensus
evaluation, certification, and distribution as primary
reference standards should follow.

Careful attention must be given to reagents used
for screening purposes. Before being introduced into
the routine diagnostic laboratory screening tests,
they need to be carefully evaluated against sufficient-
ly broad specimen panels. These conditions may best
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be provided by an appropriately chosen consensus
group, each member independently evaluating the
reagents under standardized conditions.
The FITC synthesized by McKinney et al. (1964)

has been used as a reference standard by the Bio-
logical Stain Commission since certification was
started in 1969. The consensus is that this or an
identical reference preparation is needed now. Suffi-
cient material should be prepared and offered to an
international reference centre for redistribution as a
primary standard fluorochrome-an ancillary stan-
dard for immunofluorescence.

RECOMMENDED ACCOMPANYING DATA
FOR ALL DIAGNOSTIC IMMUNOFLUORESCENCE

ANTISERA OF ANIMAL ORIGIN

Terminology

The terminology should be related to proficiency
testing and diagnostic use. Each product should have
a proper name that readily distinguishes it from
other diagnostic products. This proper name should
include the antigens with which the product is known
to react, thereby indicating the actual specificity. The
proper name should also include the name of the
animal species immunized, the fluorochrome used,
and the type of test for which the product is
intended.

Specificity

A statement of cross-reactivity with heterologous
antigens or systems should be provided for situations
that are expected to interfere with the intended use of
the product. The level of sensitivity of the method
used to evaluate specificity should be indicated. The
method for evaluating NSS in the systems for which
the reagent is designated should also be specified.

Potency

The minimum homologous potency and the me-
thod by which it can be determined should be
specified for each intended use of the product.
Potency may be expressed by several methods: (1) ti-
tre or range of titres, (2) the mass concentration of
homologous antibody protein, (3) the mass of homo-
logous antigen that is immunologically equivalent to
a unit volume of antiserum (Becker, 1969; Reimer
et al., 1970), and (4) by an appropriate comparison

with the unitage of some accepted reference prepa-
ration (Beutner et al., 1970).

General

Information should be given regarding product
sterility and the presence of preservatives and addi-
tives. The biochemical and species identification of
any immunoadsorbent that remains in the finished
product should be given. The recommended sto'rage
temperature and expected expiry date should be
stated. All diagnostic products should be accompa-
nied by explicit directions for use and should be
designated by a specific number identifying the batch
or lot of reagent.

ADDITIONAL INFORMATION OF IMPORTANCE
TO CONSUMERS OF IMMUNOFLUORESCENCE ANTISERA

Specifications for the performance of diagnostic
products rather than the methods of their manu-
facture should benefit (1) the consumer, by telling
him what to expect; (2) the regulatory authority, by
limiting regulation to the area of the producer's
specific claims; and (3) the producer, by transferring
to the consumer responsibility for innovative diag-
nostic use of the product. At the same time, the
producer's proprietary information is protected.

Nevertheless, experience has shown that knowl-
edge of production materials and methods frequently
permits the analyst to identify causes of reagent
failure and serves as a basis for corrective action. For
example, physicochemical characterization of im-
munofluorescence reagents has supplied important
information correlated to reagent performance (He-
bert et al., 1972). Determinations that have given the
greatest insight into problems are: total protein (P),
bound fluorochrome (F), the ratio F/P, and electro-
phoresis on cellulose acetate strips (CASE). A state-
ment describing the purity of the fluor used for
conjugation also may be useful.

Information concerning the nature, source, and pu-
rity of the immunogens used, the manner and sched-
ule of animal immunization and bleeding, the nature
of immune adsorptions, the methods used to ensure
quality, and whether the product represents whole
serum, plasma, or a fraction of serum from one or
several animals could also reveal reasons for diag-
nostic reagent failure or success. For immunofluores-
cence standards, all such information should be
available to users.
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RtSUMt
LA STANDARDISATION DE L'IMMUNOFLUORESCENCE APPLIQUtE AU DIAGNOSTIC

Les auteurs exposent quelques aspects importants du
probleme global de la standardisation des 6preuves
d'immunofluorescence (IF) utilisees aux fins de diag-
nostic. Ils mettent I'accent sur la complexite de ces epreu-
ves ainsi que sur le manque d'antigenes et d'antiserums
purifies, la diversit6 des techniques d'analyse pour la
fabrication et la caracterisation des conjugu6s, l'absence
de mat6riels accessoires standardises, et surtout le manque
d'6talons de r6f6rence appropries pour les r6actifs IF.
Le seul moyen d'obtenir la comparabilit6 des r6sultats

des epreuves IF entre laboratoires reside dans la mise
A leur disposition de preparations stables de r6ference
pour les reactifs. Les r6actifs etalons, d6finis quantita-
tivement, devraient servir de base a l'evaluation des
r6actifs nouveaux ou peu connus.

Plusieurs associations professionnelles et organisa-
tions se pr6occupent actuellement de la standardisation
des techniques IF. C'est le cas de la Division des 6talons
biologiques du Medical Research Council de Grande-
Bretagne, de l'Union internationale des Societes d'im-
munologie, du Laboratoire national suedois de bacterio-
logie et, aux Etats-Unis d'Am6rique, du National
Committee for Clinical Laboratory Standards, de la
Biological Stain Commission, de la Biological Reagents
Section du Centre de lutte contre les maladies, et recem-
ment de la Food and Drug Administration.
On donne une liste des principaux tests et reactifs IF

dont la standardisation s'avere necessaire. Parmi les
epreuves directes, certaines sont du domaine de la micro-
biologie ou de l'histologie selon la nature de l'antigene

ou du materiel etudi6. Les epreuves indirectes sont
generalement destinees au titrage des anticorps seriques.
Les epreuves IF pour les immunoglobulines sont parti-
culierement int6ressantes pour le diagnostic d'infections
perinatales graves et les etudes relatives a l'6pid6miologie
et aux vaccins.

La recherche en immunofluorescence devrait s'attacher
a definir l'importance relative de diverses classes et
sous-classes d'anticorps, a 6tudier les interactions des
anticorps et du complement, et a explorer davantage les
aspects complexes des antigenes servant aux diagnostics.
De meilleures connaissances dans ces domaines devraient
permettre la production de r6actifs de reference mieux
adapt6s que ceux dont on dispose actuellement. L'agre-
ment d'une preparation de reference devrait resulter d'une
evaluation collective et aboutir a l'elaboration d'un
etalon disponible a l'6chelle internationale.

I1 importe que les indications essentielles soient four-
nies au sujet des antiserums IF d'origine animale utilises
pour le diagnostic. Elles devraient porter sur la specificite
du produit, son activite et son mode d'emploi. Pour les
r6actifs de diagnostic, il convient de mentionner les
caracteristiques physico-chimiques des antigenes et des
anticorps, les conditions dans lesquelles ont 6te effectu6s
l'immunisation de l'animal et le pr6levement du serum,
etc. Ces facteurs ont une influence directe sur l'utilisation
du reactif, la qualite de l'epreuve et l'interpretation des
resultats. Ces informations doivent etre accessibles a tous
les utilisateurs.
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