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FLUORESCENT ANTIBODIES IN DIAGNOSIS AND RRSEARCH

Monatéherte fur Veterinare : K. D. Jontlah‘

medirin luonthly Periodical

“of Veterinary Medicine)

Vol 18, No 1, 15 Fubruary
1963, pages 123-128

The endeavors of medicine, to estabiish an exaot di-
agnosis in the shortest pcssible time, follow the ethiocal
principle of this profession to help the paticnt as fast as
possible., A quick and exaot diagnosis plays a decisive
role in the choice of thcra?y and it 1is also the best dem=-
onstration of the ohvsioian s ability,

It is self=-evident that disciplines whioh contribute
to the clinical diagnosis with their auxiliary tests, as
for example bactsriology, are subject to the same require=
ments with respect to exactness and speed, It should ale---
ways be the main objective of the bacteriologist to make a
well-considered and purposeful selection of the most modern
available bacteriological procedures in order to effect the
breeding and identification of isolated germs by the faste
est route, On this manouverability depend, to a large de~
gree, the olinician's prospects for suocess. Bacteriology
has met these requirements by counstantly adopting new oule
tural and serological procedures and, thus, conasiderably

- reducing the duration of the teats,

In recent times, the baoterioleogist is offered a new
process which, at least in certain cases, promises a sig-
nificant reduction in the test time and whioh, because of

*Author: Dr. K. D. Jentssh, a.rlsn-rrtoarton.roldo.
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its immunological specificity, is worthy of a thorough in=-
vestigation and practical application. Ever since the
successful work of Coons and Kaplan (1950, concerning the
binding of stains to immunoglobulins, the "Fluorescent
Antibodies" (FA) have become a firm concept in world 1lit-
erature. Anglo-American literature, especially, contains
extensive treatises which evaluate the process positively.
Within its immunobiological limits, the process brought
go0od results, while the traditional methods were not able
to achieve similar results with equal economy of time and
equipment, The FA (Fluoresoent Antibodies) have a high de=

.gree of immunoleogiocal specificity and, thus, they fulfil

che chief prerequisite for application in bacteriologiocal

. practioce.

The FA are_immunoglobulins that are tagged with flu~
orescent stains /'fluorochromes" according to Haitinger
(193817 and they serve as a reagent for the proof of homo=-

- log antigens in smears or tissue specimens. A comprehen-

sive description of the manufacture and of the techniques
of application is outside the scope of this paper and,
therefore, we should 1ike to mention only what is necessary
for the understanding of the text.

The TA are manufactured by a chemical precipitation
of gamma globulins that contain antibodies and that are
obtained from immune sera. The excess precipitant, usual=-
ly ammonium sulfate, is removed through dialysis. The
globulin solution is5 purified, and a suitable fluorochrome
is added which combines with the serum globulins to form a
protein-stain complex, At first, fluorescein-isocyanate
of Coons and Xaplan (1950) was used as the indicator stain,
The drawback of this stain was 1its short durability., Toe=
day, one uses chiefly fluorescein-isothiocyanate /Riggs,
Seiwald, Burckhalter, Downs, and Metcalf (195817 which is
a relatively durable yellow=orange powder. However, sinoce
this compound is not manufactured commercially, it has to
be self-made, Its synthssis is tedious and requires chem=
ical knowledge and special equipment; furthermore, it has
the tendency to form nonspecific precipitates in histolog-
1ical tissue specimens. Contrary to this, ladimethylaminoe
naphthaline=5-sulfochloride, introduced by Olayton (1954),
Mayersbach (1958), and Redetzki (1958), apparently does not
possess the latter disadvantage and is easier to synthe-
sise, A mesasured amount of .this oompound is added to the
globulin solution and is allowed to ocombine with the globe
ulin, The excezs stain is removed through dialysis, and a

'ohook.vtth homolog antigens is performed, Then the FA.
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solution is sultabiy diluted and either frozen or preserved
in another way. :

The working principle of the FA is as follows. When :
a prepared smear or tissue specimen containing bacteria is :
treated with the homolog FA, an antigen-antibody reaction :
takes place between the bacteria and the antibodies. The
tagged antibodies combine with the homolog bacteria in suoch
a vay that they cannot be removed any more from the bacte-
ria through subsequent washing. On the other hand, the
free (not bound) FA-tagged antibodies ocan be easily and
completely rinsed away., During the examination of the dri-
ed and sealed slide in short-wave ultraviolet or blue
l1ight, the fluorochrome partioles remaining with the anti-
bodies are stimulated to emit long=-wave ocolor 1light, that
is, they fluoresce. The fluorochromes mentioned above give
a yellow-green fluorescence. Since the fluoroohromes are
bound through the antibodies to the baoteria, the form of
the bacteria appears as a miorofluorescent pioture (Fig. 1).

-

GRAPHIC NOT REPRODUCIBLE

" 3. 7¥luorochrome 4, TFluoresoent antibody
5. PRMuorescent sntigen-antibody oomplex,
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Figure 2, Indirect proof ;
_Legendi- 1, Antigen 5. Antigen-antibody 3
o 2. Antibody ' complex ]
3. Anticantibody 6, Fluorescent antic
o (antiglobulin serum) = antibody

GRAPHIC NOT REPRODUCIB ;

This arrangement of the test is called the "direot proof"
[Coons and Kaplan (1950)7.

The "indirect proof" or the "sandwich method" of ;

Weller and Coons (1954) works essentially on the same prin- A
ciple (Fig. 2). In this method the antibody is not tagged, :
so that at first a nonfluorescent antigen-antibody complex 3
is formed that is not visible fluoromioroscopioally. The -
complex is made visible through a subsequent overlaying 3
with a tagged, precipitating serum. The serum precipitinas i
are directed against the antibodies and, for this reason, 3
they are oa’ _ad anti.antibodies. At the end,.a fluorescent H
antigen-ant. ody-anti-antibody complex is formed. ... ..... §
i
{

4. Tluorcohrome -~ 7. Tluorescent antigen=
et . o antibody=anti-
antibody ocomplex.
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"The following example may serve as a better explana-
tion. When anthrax bacilli are to be identified in a
smear, the smear is treated with a non-tagged anthrax ba-
¢1111i antibodies obtained, e.g., from the immune serum of
rabbits, A nonfluorescent complex of anthrax hacilli and
rabbit antibodies is formed. Subsequently, the slide is
covered with a tagged anti-rabbit-globulin serum obtained
through immunization of an animal of a different but sulita=~
ble species. This leads to a.fixation of the fluorescent
anti-rabbit=globulin antibodies to the already existing
complex of anthrax bacilli and rabbit antibodies. After
the excess fluorescent anti-rabbit globulins are washed a=-

way, the complex shines characteristically in the fluero-
mioroscope.

Al

In our example, the "indirect proof" has the advane
tage that the anti-rabbit-globulin serum can be used over
and over again for all systems in_which rabbit antibodies
are used /Carter and Leise (1957)/., Furthermore, this
method gives a more intense fluorescence resulting from an
increased surface area. After the antibody has been bound
to the antigen, a much greater number of fluorescent anti-
antibodies can be bound by a singls bacteria cell because
the antibodies assume the role of antigens in relation to
the anti.antibodies, and because one antigen molecule al=-
ways binds several antibody molecules. This relation is
i1llustrated to a certain degree in Fig. 2 which shows an
increase in the surface area of the antigen-antibody-anti-*
antibody oomplex. The "indirect proof" is suitable for
determinations of antibodies in bloed serum and in histo~-
logical tissue specimens (see below),

The fluoro=-immunological demonstration of bacteria
offers significant advantages for the diagnosis. A vory
important asset for the practical application is the spe-
oificity of the process which, however, must be thoroughly
cheoked for esach antigen.

The specifioity of the FA technique 1ies within the

"1mmunobiologtoal 1imits applying to all serologiocal methods,

that is, the procedure will not work in cases whers a spe-
oifio immunologioal reaction between the antigen and the
antibody is not to be expeoted. Even when the applicabilie-
ty is warranted and considered suitable for routine proce-
dures, every test should be accompanied by positive and
negative oontrols that would demonstrate beyond doubts that
the fluoresoence is ocaused by a specific reaction, In this
way false diagnoses oan be avoided. Group antigens lead

8w

Btz it

o i T AU e il




to overlapping reactions. For this reason, the differen-
tiaticen of bacteria types with FA is possible only with
carefully saturated sera, as has been shown with the poly=
saccharides of pneumococol and Friedlander bacteria

Kaplan, Coons, and Deane (1950), Hill, Deane, and Coons

1950)7. 1In the diagnosis of salmonella with FA of poly=
valent immune sera, cross reactions occur quite frequently
when the tests are done directly on stool specimens; thus,
the application of the FA to this routine procedure is not
feasible /Thomason, Cherry, and Edwards (195917. The tag=
ged polyvalent serum stains all salmonella strains without
exceptions, In addition, related arizona, coli, proteus,
and paracoli intermediuvs strains also enter the reaction,
while the shigella give no cross reaotions., The antigen
kinship within the family of onterobacteriaceae is wall
known and it occasionally presents difficulties in the
traditional serological differentiation, On the other
hand, the demonstration of enteropathogenioc coli germs in
chtldren stool specimens is completely successful due to
the uniform oomposition of the bacgterial flora /Whitaker,
Page, Stulberg, and Zuelzer (1958)7.

Because ¢f common antigens, cross reactions ocour
between malleomyces mallei and m. pseudomallei and, there=
fore, a fluoro-immunological differentiation of these two
is not possible /Moody, Goldman, and Thomason (1956
Similarly, common reactions oscur between streptooocoi of
various groups that can be differentiated through precipi=
tation /Moody, E1lis, and Updyke (1958), Halperen, Donald=
son, and Sulking (1958)/. Nevertheless, the utilization

of the FA is warranted in special ocase¢s, as for example in

the analysis of throat smears [ﬁalperen. bDonaldson, and
Sulkin (1958)/. TFor the same reason, one can hot differ=

entiate fluoro~-immunologically between baoiilus anthracis
and bac. cereus /Cherry and Freeman (195917 True oross
reactions ococur also betwoeen anti-bruoella FA and the bact,
tularensis /Moody, Biegeleisen, and Taylor (196117. Howe
ever, the speoifiocity of the FA is safeguarded by the faot
that oross reactions between nonrelated species of baocte~
rial strains take place only excepsionally becauvse a large
number of heterology bacteria species do not react with
any but the speoifio FA. Nevertheless, these exceptions
have to be determined and constantly kept in wind.

The serological affinity reactions oocour i: the FA
technique because this proocedure possosses an extraordina-
rily high diagnostic sensitivity. This has been contt:mod
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without reservations by all authors. While the traditional
examination of oclinical material or of organ parts requires
a cultural breeding or even an enrichment of the bacteria,
the proof of germs with the FA method is successful on a
smear or a cast directly on the initial material,

For this purpose, the fixed histological specimen is
simply covered with a few drops of the FA solution and kept
for approximately 30 minutes in a humid room at inocubator
temperature to permit the binding of the FA to the antigens,
As soon as the not bound FA is rinsed away and the slido is

air=dried and sealed, the fluoro-mioroscopic examination
ocan proceed,

It is possible to jJudge with certainty about a sin-
gle germ (!) whether it is homolog to the applied FA, This
sonsitivity is unique and has not been achieved as yet with
the other methods. Admittedly, our procedure has a practi=-
cal value only in cases when there is a hint about the type
of the presumably present germs (e.g., through section) or

-when a limited selection of routine examinations are per=

formed aiming to establish either the presence or the ab-
sence of a specifio germ. In such cases (not to mention
the required controls) the tissue slides have to be treated
only with the applicable FA. It would be erroneous to ate
tempt to replace entirely the bacteriologlioal examination
of organs with the FA technique. For this purpose, an
enormous number of various FA would be necessary, and the
meithod would lose its advantages with respect to simplicity
and time economy. Therefore, we are thinking primarily of
the routine tests performed in cliniocal laboratories, as
for example, identification of bruocella in seoreta, exu-
dates, rrinse samples, egeg skins, and dead embryos; inves-
tigations of milk sediments for brucella, streptocoocci, and
other germs; tests for anthrax bacilli in suspected organ
specimens or blood; investigation of sputum throat smears,
and others for definite germs, eto, Of special signifi-
cance is the faot that, when culture investigation becomes
impossible bocause of contamination with secondary germs or
decay baoteria (e.g., overgrowth of petri dish cultures
with proteus), the speocific proof of the germs with the TA
is generally still guaranteed. In many cases, the animal
test Yeoomes superfluous,

Bspeocially promising fields of application are to be
expected with pathogenioc germsc whioch are diffioult to grow:
and vhose growth takes a long time, o.g., 0lootridia,
sphaerophorus (necrosis bacteria), aotinomyoetae, eto. The
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diagnosis would be considerably sped up. However, prelim~
inary investigations must establish whether or not, and to
what degree specific FA can be made for the respective
types of germs, It is possible that the FA technique can
be extended to the diagnosis of tuberculosis bacteria. We
have already begun studies in this direction. Success can
also be expected in the diagnosis of toxoplasmosis /Gold=-
man (1957)/ and leptospirae /Moulton and Haworth (1957)/.
Of further importance is the evidence that, under suitable
conditions, also virus diseases can be diagnosed by means
of the FA, The inclusion bodies in rabies /Goldwasser and
Kissling_(1958), Topleninova and Remezov (196017, of dise
temper ?Nouiton and Browns (1954), Coffin and Liu (195717.
and of hepatitis contagiosa canis [Ebfftn. Coons, and Ca=
basso (195317'were demonstrated fluoro-microscopicailly.
Similarly, the proof of smallpox virus [ﬁbyes and Watson
(1955)/, of psittacosis virus [pucklex. Whitney, and Rapp
(1955)/, and of poliomyelitis virus /Buckley (1957)/ in
tissue cultures are successful,

The degree of sensitivity of the FA technique can
be defined exactly. The limit of a sure antigen proof can
be established theoretically by the case where the antigen
distribution in the initial material is so rare that there
is no certainty any more that even a single minimal unit
of antigen particles will be transferred with the loop ‘¢r ™
through casting onto the slide to be analyzed. The mini-
mal number of manlleomyceae mallei in saline amounts to 220
germs per ml. The identification of m. pseudomallel
through agglutination requires, on the other hand, 108
germs per m1 /Thomason, Moody, and Goldman (1956)17 A
similar relation appliss_to the brucellae /Moody, Biegel=-

_eisen, and Taylor (1961)7. 1In a pure oculture, brucells

can be diagnosed with certainty at a concentration of 2.5

x 103 germs per ml. The simultaneous presence of 6.8 x 105
serratia germs per one brucella gorm (!) does not disturd
the specific proof of the brucella, However, approximately
6 x 107 brucellae per ml are required for a positive ag-
glutination, According to the newest data /Biegeleisen,
Moody, Marous, and Flynt (1962)/, the idgntifioation is
considered reliable when at least 2 x 10° brucellae are
present in each ml of the suspension, If we consider that
for the preparation of the smear only a few loops of the
initial medium are necessary and that the number of transe
ferred goerms is ocorrespondingly suall, we begin to undere
stand the sensitivity of the procedure. Hobson and Mann
(1957) reported equally good results in the differentia=
tion of rumen baoteria.

\




Next to the exactness, the FA technique ofCers also

the advantage of a significantly shortened investigation
time. While the culture or serological investigation re-~
quires at least 24 to 48 hours, tho FA determination of
germs in a smear or an imprint is poasible, on the averags,
after one hour. Moody, Biegeleisen, and Taylor (1961)
quote 96 hours for the diagnosis of tiucella in a culture
with the traditional method and only one hour for the FA
method. They investigated 10 artificial brucella prepara=
tions in organioc material and were able to establish posi-
tive diagnoses in six cases with the FA and in only thiee
cases with the other methods.
practiocal application of the FA for brucella diagnosis was

also successful [ﬁlogelelsen. Moody, Marcus, and Flynt
(1962)7. -

The reduction in the test time with the FA becomes
more apparent the longer is the time required for the dif-
ferentiation of the germs witn the traditional methods.
For this reason, we recommend to investigate those bacte=

- ria for FA feasibility (as has been mentioned in connection

with the sensitivity of the FA technique) which set high

demands on the nutrient medium and require an extraordinary

long period of time for growth and differentiation.

The advantages which the FA offer to the c¢linical
diagnosis apply equally well to research work. The FA -
teohnique may become very useful in this branch of soience,
For exemple, it may be worthwhile to investigate bacteria
types for whioh the utilization of the FA in the o¢linical
praxis is not an absolute negessity beocause they occur very
rarely. Thus, one may investigate the spread of certain
germs in spedimens of organs, earth, fodder, or water, The

FA approach sould be more suocessful than the culture meth=-
od.

At this point we should like to mention that dead
bacteria can bs specifically diagnosed with the same exact-
ness. Up till now, no other bacteriological method could
slaim this diagnostic finesset The great accouracy of the
FA would be especially valuable in epidemiological inves-
tigations., Owing to the ability of the FA to deteot the
presence of dead bacteria, many fields can be re-examined.

Petuely and Lindner (1959) succeeded in analyzing quantita=

tively all the germs that oconstitute the intestinal flora,
Prior to that time, At was possible to cultivate not more

than 1~2% of the germs found in the intestinal ocontent.

The remaining 98-99% wers regarded as dead or not suitable
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for breeding with the available methods,

In experimental work on animals, the utilization of
the FA on tissue sections (obtained with minimal harm to
the animals) offers a far-reaching insight into the distri-
bution oi" bacteria and other antigens in the organism.

£ With the help of the FA, it is possible to perform a de-
el tailed study of the spread of the antigens through the tis=
£ sues and through individual cells. For ¢xample, injected

= albumins and globulins were demonstrated with the FA not

) -only in the coytoplasm of the cells of the reticulo-histo-~
cytic systom hut partially also in the_nuclel of these
cells [poons. Leduc, and Kaplan (105117 Investigations of
the brucella spread in' the bodies of experimental animals

" which had died of brucellosis, demonstrated the presence of
brucella antigens not only in the form of bacteria but also
in the form of _intra- and extracellularly dissolved amor=-
phous masses Zﬁiegeleisan. Moody, Marcus, and Flynt (196217; v

AXNORE A TR L, W PRI IS

Approaching the problem from the opposite end, the
FA can be used for the study of the sites of antibody for=
mation in the various tissues of the organism [Ebons. ‘
Leduc, and Connolly {1955)/. It is possible, by means of
the "indireot proof" in tissue specimens of axperimental
‘ animals treated with globulins or albumins, tc¢ demonstrate
il that plasma cells function as producers of the antibodies.,

The present concepts of the formation of antibodies ocould
be underpinned and broadened [Leduo. Coons, and Connolly
(1955)7.

i - We ocould cite numerous animal experiments in which
a specific proof eof antigens and their spread in the organ=
ism would yield considerable contributions to the clarifi=
cation of controversial problems., As a general example,
we should like to point out that through the fluoro~immu=
nological proof of listeria antigens in the trigeminal
nerve == considered the route of infeotion in the cerebral
listeriosis of sheep == a comprehensive evaluation of the
histological changes in this nerve could be performed.
Histopathological methods, even with the utilization of
culture procedures, would make such an evaluation possible
only under unusually favorable conditions. The FA method

- 48 especially recommended here because the experimental
produotion of sheep listeriosis is not always successful

‘ and, thus, the animal experiments are not reliable, With

! -ocarefully prepared modes of application, the FA maethod oan

l contribute to the oclarification of the pathogenesis of

!

i
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many infectious diseases because it lends speocifioity to
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the histological changes and, thus, facilitates the 1nter-
pretation of various oellular reactions,

The cited advantages and the apparently easy produoc~
tion and application of the FA should not obscure the fact
that the FA technique is still far remote from a general
practical application, The diffioculties are of a technical
nature and they are caused chiefly by the inadequate supply
of suitable fluorochromes. It is possible to synthesize
the dyes in one's own chemical laboratory following exactly
the formulas evailable in the literature. However, this
would mean a multiple dissipation of work and material ex~
penditures. This annoyance could be avoided by estabiish-
ing a central manufacturing plant. Unfertunately, at prese
ent neither the demand nor the need are sufficiently high
to make a central manufacture of the FA worthwhile, This
vicious circle could be brokerr if the FA technique were
worked out to perfection for certain specific and feasible
fields of application and then were generally recommended
to bacteriological laboratories. With a sufficiently high
demand, 1t would even be possible for the central plant to
manufaocture and keep in stock for sale labeled immune sera
and antiglobulin sera. This is done successfully in the
DIFCO laboratories in Michigan, U.S.A. Such arrangement
would remove a great burden from the test laboratories, and

the advantages of the FA technique would come to full

]

Conclusion

The advantages resulting from.the application of
fluoresoent antibodies to diagnosis and research are dis-
cussed., By means of examples and suggestions, it is ex=-
plained that in individual cases the procedure is quits
suitable for practiocal diagnosis and that it ocan be suce~
cessfully utilized in research, In order for the method teo
be useful, it has to be restricted te the moat promising
fields, and the test laboratories have to be asupplied with
completely worked=out proocedures and with suitably and
cleoarly labeled immune sera, If these prerequisites are
fulfilled, the method will save time and material and,
thus, serve the needs of praotiocal work.

We should 1like to express our thanks to Nrs. R.
Richter, our soientifio drattuwouan.
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