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[Following is a translation of an article by Ni" Gerbec,
docent dr., Lt. Col. of medical services (Sanitetaki potpukov-
nik), of the Microbiological Institute, Military Ybdical Academy
in Belgrade, published in the Croet-language periodical Voi-
nosanitetaki Pheled (Army Medical Review), Vol. XMII, It.6/7,
eM de0, 1961, pages 574-579.]

All branches of microbiology (bacteriology, virology, parasitology,
and scology) have made great strides forward in the last decade. We
have completed our knowledge about metabolism of microorganism, about
factors of the growth and breathing of microorganism. On the basis of
these deeper findings we prepare elective and selective bacteriological
bases in order to isolate pathogenic microorganism more easily. In
virology, we have completed the technique of texture cultures, which made
it possible to discover more than one hundred new human viruses. We have
enriched our knowledge in the field of imunology, we have worked out
reliable tests for immnological identification of various microorganisms.
We discovered and continue to discover all the time new and very effective
antibiotics, which have become irreplaceable in the treatment of many
contagious diseases, especially those caused by bacteria. However, we
cannot always take advantage of the existence of effective antibiotics,
because a precise microbiological diagnosis usually is made late. The
inadequacy of microbiological laboratory methods with regard to speed
has induced many authors to seek new ways and new solutions.

The search for new and fast microbiological methods encountered
insurmouhfable difficulties, as long as the search was oriented to speed
up the growth of microorganisms, to the shortening of individual labora-.
tory procedures, etc., because it turned out that at present we are un-
able to influence basic processes of the life of microorganisms. Until
recently, a reliable microbiological identification of some agents con-
sisted in the isolation of microorganisms in a pure culture. A pure
culture of @am agent was the starting point for all further laboratory
operatimon. However, serological reaction are unsuitable for an early



diagnosis. They represent merely a manifestatiem of immunological pro-
cases which can be observed in a laboratory, and which take place as a
result of the conflict between a s o ania and a microorgani . Can-
aeqently they cannot be used profitably for a retrogressive determina-
tiam of some disease of an infectious nature*. In order to get out of
this blind alley, it was necessary to proceed in a new direction, and
to go around the classical method of cultivation of microorganisms.
(Onar in that way can we gain time., The battle for saving time in modern
Infectology is of a prejudicial significance, if we want to exploit, the
therapeutic action of antibiotics and hemotherapeutics, and if we want
to influence substantially the course of the disease. Before the era of
antibiotics and modern hemotherapeutic means, laboratory diagnosis was
used as a guide for prognosis and for the final outcome of the disease,
for scientific and epidemiological studies, but otherwise clinical doctors
did not benefit from it directly. Today, when medicine has put into the
hands of the physician powerful means for a radical intervention, by
which the physician can influence substantially the course of the disease,
an early diagnosis has become a categoric imperative.

In solving this problem, we followed a new revolutionary way. We
have discovered a new method to make an early and fast microbiological
diagnosis, a method of coloring by fluorescent antibrdies. This method
consists in the fact that prosthetic groups, which are easily visible,
combine with the globulin of antibodies and do not affect its reactivity
and specificity. We can use them to dye a fixed preparation of an
antigen. The introduction of a prosthetic group (fluorescin) in a mole-
cule of globulin of the antibody is called noting or marking ("obelezav-
anjew or Onarkiranjem). The process of coloring does not follow the
chemical laws, according to which aniline dyes are combined with individual
elements of a big preparation (texture, sponge, emulsion, culture, e*t),
but rather imonological laws. The antibody which has been marked pre-
viously with fluorescin combines with an antigen, and the *coloring* is
the result of a specific reaction antigen-antibody, which can be obeerved
in a fluorescent microscope.

History

As early as in 1934, Marrack (1) has shown that it is possible
to combine colors with the molecules of antibodies without losing their
specificity.. Coons (2) was the first to succeed to mark antibodies with
fluorescent colors on the basis of work carried out by Creech and Jones
(3). He combined successfully beta-anthrylisocianate with an antiserum
0f pneumococci of type 3. The marked specific serum retained its capacity
to combine with the oeele entj to agglutinate with pnemaocooei of type
S(but not w..th other types), and passive sensitisation for an anaphylac-
tic shook. Homologoss pneoooooi, treated with mqrked antiserm, had
a fluorescent light bluish color, when they mer exposed to ultraviolet,
light.
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The unfavorable aspect of blue fluorescence is that the texture
also has the sam fluorescent color, and as a result it is more difficult
to find the pneuascocci in the texture. For that reason Cocos and his
ee- orkers (4) used isocianate fluoremein, which has a greenish light.
An antiserum marked with thim fluorescent color made it possible to
ebserve the antigen (microorganism) in the texture. Later on Coons and
.aplan (5, 6) perfected the technique of conjugation (combination of
ftwaescin with globulin) and reviewed the nom-specific combination of
flsorescent antibodies with the texture by the absorption of the anti-
serm with a texture extract.

Another improvement of the technique of coloring by fluorescent
antibodies resulted from the findings of Riggs (7) that fluorescin iso-
tiocianats has two favorable properties of isesianate combinations and
that it is very stable. In addition, the preparation has the advantage
that it does not require prganic solvents for irc natico with glbo ind

molecues - such an acetone or diexane-, which red oe the capacity of the

antibodies (8), as noted previously.

Later on we produced synthetically other colors which produce
red or yellow fluorescent light. Silverstein (9) used a tetraethyl
derivative of fluorescin, namely rhodamine, which produces a red
fluorescent light. Hiramoto and his co-workers (10) produced syntheti-
cally tetramethyl rhodamine, which produces yellow fluorescent light,
and Chadwick and his co-workers (11) produced synthetically sulphanyl-
chloride derivative lysamine of rhodamine RB200, which produces red-
orange fluorescent light. Smith and his co-workers (12) found that is is,
possible to combine dyes with a normal serus, which is not absorbed by
a texture powder to eliminate non-specific characteristics of the
coloring, and that can be used very well for non-specific contrast
coloring of texture. This combination used for non-specific coloring of
the background of the preparation does not cover or prevent the coloring
by means of specific marked antibodies. The contrast coloring facilitates
the observation of the distribution of antigens, small bacteria or virus
aggraegates in textures and call cultures. Another great advantage of the
fluorescent light in various colors lies in the fact that the coloring
can be done with two marked antiserum, which produce fluorescent light
of different colors and make it possible to identify two different
antigens at the som time.

General Observations

The above explanations show that the method of dyeing by means
of fluorescent antibodies represents a very significant supplement of
standard laboratory methods for the detection and identification of

icroorganism as well as for the studies of their antigenic similarities.
This method makes it possible to discover even such small numbers of micro-
orgoaim which are not discovered by other standard methods. For that
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reason the method of dyeing by means of fluorescent antibodies is
especially beneficial for epidemiological studies, because in such"
studies a fast diagnosis is of prejudicial importance. The vectors of
contagious diseases frequently carry agents in an exceptionafly small
nuber, but even these can be discovered by this method. In ase we
apply biological agents in war, this method is the best, becaue it Is
the fastest and the most reliable one.

Other good features of this method:

The agent can be discovered even when it is not alive, which is
especially important with regard to malignant infections.

The agent or antigen can be discoverwd when mixed with usay
other agents or antigens, which makes it possible to study very mixed
samples (stool, soil).

Self-agglutinable germ or non-agglutinable germs can be identi-
fied easily (because of the capsule-shaped wrapping).

The fluorescent marking of the antibodies can be used as some
sort of "investigators" as investigators tracing uinerals). They are
very convenient for tracing alien antigens (bacteria, viruses, germs)
In vivo. They can be used to locate antigens in an organism.

Fluorescent antibodies were applied beneficially also in those
areas of medicine which up to now were subject to academic and specula-
tive studies. Thanks to fluorescent antibodies, the pathogenesis of
allergic ailments has become the object of exact laboratory research.
Marshall (13) began in 1951 to study adrenocorticoafferent hormones by
this method, and in this way he opened new facilities for hysto-chemistry,
imnno-chemistry, and enzymology. This method was applied profitably in
studies of the place and mechanism of the production of antibodies. To-
day, we are able to check and consider objectively mn iuno-biological
manifestations by means of fluorescent antibodies.

The method of fluorescent antibodies makes it possible to prepare
specific fluoro-dyes for an unlimited number of antigens. It promises
that very soon we shall have valuable laboratory means to identify promptly
pathogenic and nonpathogenic microorganisms.

The theoretical basis for the application of fluorescent ahti-
bodies in medicine is established by applying three basically different
sieeoes: imunology, chemistry, and optics.

Immnology must prove that the visible marking by means of
fluorescent dyes does not change the specific affinity of the antibodies'
molecules for their antigens.
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Chemistry mos solve first the question of the most appropriate
4.s. to be used for morking. Subh dyes most have the fonovlag chorac-
teristics:

The fluorescence of the dye must be different from the self-
fluorescence of the texture (usually bluish or white).

When the dye is cobined with a nolec•ls of a protein (antibody)
it mast not lose its fluorescence or change the specificity of the anti-
bedy.

The combination of the dye with the antibody must be constant.

These characteristics are found in fluoresein isatiocianate,
ul.eh produces fluorescence in yellow-green, color, and rhodauine B
isocianate, which has red fluorescence.

The optics had to solve the question of observation of fluores-
cence under the microscope, for which it is necessary to have the fol-
lining:

-A rful source of light with many ultraviolet rays (200-
,• ~lO00 watts r

- Filter which lets through ultraviolet rays and retains
visible rays.

- EIyeglass filter, which protects the eye against ultraviolet

- Condensor for a dark field.

- Ordinary monocular microscope.

When we observe under microscope preparations dyes with fluores-
cent antibodies, the antigen is illuminated in yellow-green color, and
normal texture in blue, bluish$ gray, and white color. In contrast
coloring by means of rhodamine, the background (texture) is in red
fluorescent color.

We ued two methods for dyeing by mens of fluorescent antibodies:
direct and indirect method. We shall describe the direct method first.



Direct Yethod of Dyeing

When we apply the direct uwthod, we have to have at our disposal
as many marked specific antiase an there are different bacterial,
virms, fungum, protein, and other antigens which we examine. Figure I
shows a diagram of the process of marking of antinsrums.

The marked antibody reacts with the antigen, and this in reflected
in the fluorescence in ultraviolet light. The "dyeing" takes place only
when the marked antibody combines with the antigen, and therefore it is
anly an indication of that immnuological phenomena. A marked anti-
salmonefla serum, when applied for example on a spread of mixed culture
which also contains salmonella, reacts only to a homologous antigen.
The combination of a marked salmonella antiserum to homologous salmonella
is visible because of a specific fluorescence. Salmonella covered with
marked antiserum shines (see Figure 2).

The direct method, which uses marked specific antiserum, is mee
bimple, and it requires lees procedures and control. It is the best
method when app2ied to a large nmuer of tests.

Antibody Moleoule d Saelonella Marked Combination

fluorese e 4t y I antisen antibody ard oolowing
"• lu. 0 Rod 3 Blue e Red

Figure 1 Figure 2

Indirect Method of Dyeing

In the indirect method, we do not'mark a specific antiserum,
for example anticolic serum applied to a rabbit. Instead, we mark an
antiglobulin serum, which must be of the same origin as the antiserum.
In our example, we must use a marked anti-rabbit globulin serum, because
a specific anticolic serum is applied to a rabbit. The procedure in
the indirect method includes two stages. During the first stage the
germ (in our case eacherichia e031) react to the antisorum They
become covered with a thin layer of rabbit globulin (invisible) and the
geow treated in this way react again to the rabbit antiglobulin serum,
which is manifested by the fact that the geam produac fluorescent light
under ultraviolet rap. The couree of the reaton is shown in a dia-
gram in Figure 3.
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ED-Z
Antigen Antibody Combination of unmarked

antibody with antigen

Combination of Uawked Ce.4noten and.

unmarked alntibody antiglobulin oolo
with antigen

Violet DIue R ed

Figure 3

Wheiwb use the indirect method of dyeing by means of marked
antibodies, we need as many marked antiglobulin serums as there are
various species. When we test a human serum, we must use antihuman
globulin serum. When we examine horse serum, we must use antihorse
globulin serum, etc. As a routine procedure, it is enough to have
three marked antiglobulins: anti-rabbit, anti-human, and anti-guinea
pig. By using these, we can test generally all the serum and antigens
in the area of humn pathology.

Application in Bacteriology

The technique of dyeing by means of fluorescent antibodies has
been applied broadly in bacteriology. We shall mention only a few
examples. In cases of streptococcus infections, Moody and collaborators
(14) found out that this method is entirely equivalent to the standard
method of the determination of the group, with the difference that the
results can be obtained 48 hours earlier. Whitaker and his collabora-
tors. (15) used this method to study an epidemic of child dysentery called
E. coli 0127: B8. They found that the method is more sensitive. They
needed much less time to determine the final diagnosis. Also they found
that the germs can be discovered during an earl3y stage of the disease.
In recent times, Stulberg and collaborators (16) deterined in epidemi.o
of child dysentery four serological types E. celi in shavings of stool.
These cases covee practical]y all cases of the epidemics.
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This method in used to differentiate diphtheria and diphtheroid
bacilli, gonococci, from other gram negative diplooocci, to determine
the type of pneumococi, to study staphylococa proteas, ehigla,
sallmnefla, pasteurella, brucela, linters, leptosp ,s
and trepenems palidium.

Application in Virology

This method was applied moat profitab2y in virology to solve
problems of etiology of primary atypical pneumonia. Although the moat
important agent of this clinical syndrome, the so-called Eatonov virus,
was isolated more than 15 years ago, it has not been accepted as the
cause of the disease because of certain laboratory difficulties. It
wasn't until 1957 that Liu (17) determined definitely by using the method!
of dyeing by means of fluorescent antibodies that the eaton virus is the
principal cause of the syndrome PAP. The same author used nasal-hunous
to diagnose influenza quickly (18). This method is applied in studies
of the virus of parotiditis, especially its distribution in monkeys which
have been infected experimentally. Coons and his collaborators (19)
succeeded to idultify R. Rickettsia in spreads of exudation or in frozen
histological cuts.

Viruses which form compact bodies are very suitable for studies
by means of fluorescent antibodies. Thus in many laboratories we study
rabies by means of this technique. Small bodies and group of rabies
virus in marrow texture can be observed by this method faster and better
than by the classical methods of dyeing.

This method is penetrating quite fast in all areas of virology.
If there is no information about the value of this method for all viruses,
it is primarily because it couldn't be done in such a short period of
time.

Application in Parasitology

SThe method of dyeing by marked antibodies was applied profitably
in parasitology as well. Goldman (20) succeeded to differentiate E.
histoliticae and E'. coli. Later on we succeeded to differentiate a
large nuwher of various types of amoebae.

Jackson and lweort (21) report on a fast diagnosis of TriehInellase
spirallis by means of marked rabbit antiserum.

Fife and uaschel (22) used the indirect method of dysing by
means of fluorescent antibodies to diagnose quickly tripanosomiasis
(Trypanosoms crusi). Laboratory diagnosis coincided with clinioal
diagnosis In thirty nine out of forty cases, while R was positive only
28 time. There vis no cross reaction with normal and syphilitie serms.
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Goldnsn (23) uwed this method to make a fast diagnosis of
tezoplaamosis. He worked ett a test of Inhibited dyeing, which is
based en the fact that an antibody combined with an antigen does not

sset anm to a fluorescent antibody. The test of Inhibited dyeiu
by mof marked antbodies was mare revealing than RNY.

Application in Mycology

Gordon studied the technique of dyeing by means of fluorescent
antibodies in yeast (214) he found that there was antigenis affinity
between Candidae albicans and Candida" tropicalis. The remaining
Candidae (8 species) did not display any antigenis affinity. Fluorescent
antiser against C. albicans did not give any cross reaction with fifteen
other genera.

Marshall and his collaborators (25) proved that Cryptococcus
neoformans is homogenous in an antigen structure. Out of one hundred
breeds, ninety nine reacted specifically by the method of dyeing throuh
fluorescent antibodies. In the texture of deceased bodies, the germ
could be discovered faster and mere easily than by standard methods.

This method is applied also in studies of actynomyces bevis.

Technique of Dyeing

A, Direct Method

Naterials a. Wet chamber,
b. Specific marked antiserum,
e. Specific unmarked antiseru.

Proceduret

1. Sample of antigen (texture culture, spread, crop, stool, suspension
of texture, histological cuts) is attached to glass by acetone in
cases of viruses, and by ethyl or methyl alcohol for other micro-
organisms.

2. Pour the preparation with the mixer (marked specific antiserum),
place it in a moist chamber for 30 minutes at 370 C.

3. Rinse the preparation three timse with a physiological solution

pH 7.2. Each rinsing takes 2 Minutes.

4. Dry the preparation on glass.

5. Put a drop of glycerine on the preparation (9 parts of glycerine
and one part of physiological solution) and cover with glass cover.
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6. Observe under fluorescent mieroscope.

7. The poeitivltya swts to4+ 3+v 2s, 14 and 0. It rwe"mts the
degree at flm.em ot the gwism.

a) Pour rmaked speoific antiseriu over the preparation, place
it in a moist chamber and lot it Incubate for 30 minutes at

b) As an alternative control, we can use a combination for another
antigen.

c) 'If the dyeing by meow of a hosologous combinatiom is specific,
there munt be no fluoresemene In the controls under a and b.

B. Indirect Method

Materials a. Moist chamber,
b. Specific antiserua (for example pneuoooeeeu antiserm

prepared for a rabbit).
a. Marked miti-rabbit globulin se.

Procedure:

1. Apply a sample of antigen on glass.

2. Pour a few drops of pnoeococcus seru over the preparation, place
it in a moist hamaber, and let it Incubate for 30 minutes at 370C.

3. Rinse the preparation three time with physiological solution

PH 7.2.

4. Dry the preparation on glass.

5. Pour a few drops of anti-rabbit globulin serum over the preparation,
place it in a moist chamber, and let it incubate for 30 minutes at
370C.

6. Repeat the procedure sub points 3 and 4.

7. Place a drop of glycerine on the preparation and cover with a glass
oovelr.

8. Observe under fluoraosaet mloroscope.
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a) Instead of using a speelfic antiasrn prepared from a rabbit,
use a Beg prepared f another species and proceed in the
asne vay au indicated above,

b) Leave out operations under point 2 and 3 and continue the
remauinig operationa.

a) The test is specifi., if there is no fluorescence with
omtrol a and b.

The foleloing table shown findings through direct and Indirect
methods.

Pri~ary
TreatMent Secondary Treatment

Marked Marked Marked Marked
rabbit human anti- anti-

"I. Antiphou- IVb- rabbit human
RococouS fo0oc001 globulin globulin
senomr neor serum SOL"r
Type2 Type2

Without treatment Direct Test + Direct Test + Control - Control -

Rabbit antipneu-
moocous SerMA Indirect
Type 2 Control - Control - Test + Control -

Human antipneu-
mocoeOUS Indirect
Type 2 Control - Control - Control - Test +

The direct and indirect methods described above are used to detect
an unlmumo antigen by sman of a kmeow #ntiaerm . The same method ean
be used also for titration of an unimewn ser=m.



Legendt

a) Direct methodt in the direct method there is no preliminary
treatment by a specific antiserum. For that reason a direct test with
a marked antipneumoooccus serm of any origin (rabbit, human, horse,
etc) must be positive, a test with a marked antihuman or anti-rabbit
globulin serum must be negative, because such glohulins do not contain
specific antibodies against p3oumococcus of Type 2.

b) Indirect methods in the indirect method the antigen (pneu-
mococous Type 2) is first treated with an unmarked rabbit or human anti-
pneumococcus serum Type 2. Since the combination antigen-antibody took
place during the first stage, the antigen cannot be dyed by subsequent
treatment with marked rabbit or humnan antipneumococcus ser m. There is
specific coloring of the antigen in the indirect method only when we use
marked rzpr. iiavtaiL ='. 1n -Mc second stage, naurely rabbit marked
antiglobulin serum, if the primary treatment involver rabbit snti-
pneumococcus serum Type 2, and human antiglobulin serum, if the primary
treatment involves human antipneumococcus serum Type 2. There must be
no coloring, if instead of a marked anti-human globulin serum we use a
marked anti-rabbit globulin serum (second example). If the marked anti-
globulin serum does not correspond to the serm which is used in the
primary treatment (rabbit antiserum - marked human antiglobulin or
human antiserum - marked rabbit antiglobulin), the procedure is used to
control the specificity of coloring of fluorescent antibodies.

Work received 28 February 1961.
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