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An Appraisal of the Fluorescent Antibody Method
in Gonorrhoea*

N. M. OVCINNIKOV1

Fluorescent antibody procedures have in a short time become valued techniques for the
detection of many pathogenic micro-organisms, and are used in syphilis, for instance.
A fluorescent antibody test has also been proposedfor use in gonorrhoea, but the author of
this paper suggests that there are still many questions to be answered before that test can
be recommended for widespread practical application. In particular, large-scale further
research is necessary on the antigenic structure of Neisseria gonorrhoeae, and other
organisms of the Neisseria group, before reliance can be placed on the strict specificity of
this test.

The author also describes the fluorescent antibody technique for gonorrhoea used in
the USSR, discussing its advantages and disadvantages.

The fluorescent antibody method has become
widely used in a very short time for the diagnosis of
various diseases. In particular, it is highly valued in
the diagnosis of syphilis (Deacon et al., 1957;
Borel & Durel, 1959). Recently, encouraging
results have also been obtained in its application to
gonorrhoea. Unfortunately the number of papers
on the subject is still small and they are based on a
small amount of material. The mechanisms of the
fluorescent antibody test as presented by Coons et
al. (1941, 1942; see also Coons & Kaplan, 1950)
and other authors appears simple and clear in
theory, but a great number of contradictions and
difficulties are encountered when it is being carried
out in practice. In the USSR studies are being
made of this method from many different aspects
in syphilis, gonorrhoea and some skin diseases.
An interesting paper by Deacon was published in

1961 which I propose to take as the basis of this
review. Deacon was perfectly right in asserting that
the development of serological identification methods
for Neisseria gonorrhoeae must be concerned with
antigenic facts related to the entire Neisseria group.
In view of this, his research on the fluorescent
antibody method is of interest, but a number of
serious objections can be raised to his ideas in regard
to the antigenic composition of the coliform group
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and the gonococcus. There is not complete identity
between the K antigen in the coliform group and the
K antigen of the gonococcus. It must be borne in
mind that in the coliform group the K antigen
consists of three antigens: the 5 antigen, the Vi
antigen and the M antigen. Deacon (1961) considers
that it is possible to refer the gonococcal K antigen to
the Vi antigen, but there is only an outward simi-
larity and their properties are completely different.
We have studied the antigenic properties of Vi, 0

and H cultures 2 and the protective properties of
pure Vi, 0 and H sera, obtained by absorption with
the corresponding cultures, of the typhoid bacillus-
i.e., the group on which Kauffmann (1954) founded
his theory, to which Deacon refers, and which was
thoroughly studied on Salmonella typhi by Felix
& Pitt (1934, 1936; see also Felix & Bhatnagar, 1935).

STUDIES IN THE USSR

For comparison, 1 should like to quote data
published in 1939 after study of gonococcus vac-
cines (Ovcinnikov, 1939). The materials on the coli-
form group and the gonococcus cannot be fully
comparable, but inasmuch as the method of pre-
paring some gonococcus vaccines does not differ in
essentials from the method used for obtaining Vi
and 0 antigens, we consider it possible to quote the
results.

2 Vi = virulence antigen; 0 = somatic antigen; H = fla-
gellar antigen.
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In the case of the gonococcus we studied the
toxigenicity and the antigenic and immunogenic
value of vaccines prepared by various methods.
We studied their antigenic value in rabbits immu-
nized with these vaccines by determining the levels
of 'accumulation of agglutinins, precipitins and
complement-fixing substances after various intervals
of time. We also tested the immunogenic properties
of the vaccine in mice, which were first subjected to
active or passive immunization and then infected
with a live gonococcal culture in lethal doses.
We studied the live gonococcal culture at different

periods of growth and also the following vaccines: a
vaccine autoclaved at 1.5 atmospheres for 20 min-
utes, a vaccine heated at 56O-58 C for 30 minutes, a
vaccine boiled in a water-bath for 20 minutes, a
vaccine heated with the addition of normal horse
serum or haemolysin, a formolized vaccine, a vac-
cine treated with chinosol, an alum-precipitated
vaccine, a sugar-treated vaccine, a vaccine extracted
with tri'chloroacetic acid, a frozen vaccine of the
Grasset type, an ether-treated vaccine, an oil-based
vaccine, etc. At my suggestion, these vaccines were
tested by Professor I. M. Porudominskij (1941) in
persons suffering from gonorrhoea. Also, a total of
112 rabbits were immunized subcutaneously, intra-
muscularly or intravenously.
As can be seen, a large number of vaccines was

studied. It must be noted that before this we had
studied the immunogenic and antigenic value of the
polysaccharide and protein fractions of gonococcus
cultures.

Studies with Salmonella typhi
Since not all the material has a direct bearing on

the subject under review, I shall only deal with some
results of study of the live culture, with the Vi. antigen
of the vaccine killed by autoclaving-since the Vi
antigen is killed in it-and with the vaccine heated
at 560-580C and the formolized vaccine-because in
both of them the Vi antigen is preserved, and because
formolized vaccines, according to Kauffmann
(1954), stimulate the formation of Vi agglutinins and
cause specific precipitation in the bacteria of the
coliform group.
A total of 823 mice were infected with a virulent

culture of typhoid and then treated with vaccines
which either contained or did not contain Vi antigen
(Rosen et al., 1936). Some 78 % of the mice immun-
ized with the vaccine containing the Vi antigen sur-
vived, whereas 2600 survived among those im-
munized with vaccines that did not contain the Vi

antigen. This indicates that the Vi antigen is of great
importance in the formation of immunity in the case
of bacteria of the colityphoid group.

Still more striking results were obtained whe'n the
protective effect of the sera was studied (Ov6innikov,
1940).

Fig. I shows the results of the protective effect of
adsorbed typhoid sera-pure Vi serum and pure
H serum. The test method was as follows. 0.01-ml,
0.05-ml and 0.3-ml aliquots of the corresponding
serum were mixed with 1.5 minimum lethal doses
(MLD) of the culture under test. The mixture was
left in the incubator for two hours and then injected
intraperitoneally in mice. The protective effect was
assessed on the basis of the survival rate among the
mice.

FIG. I

RESULTS OF MOUSE PROTECTION TEST WITH
ADSORBED TYPHOID SERA

When the Vi serum was injected before infection

with the virulent culture (i.e., the culture containing

Vi antigen), the survival rate was 96%; when the

animals were infected with H-901 culture the survival

rate was 350; and after infection with an 0-901

culture the rate was only 1200. Neither of the latter

two cultures contained the Vi antigen.

The H serum acted with appropriately better

effect against H cultures, but in general not so well
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as the Vi serum. Normal serum protected 1500 of

mice on challenge with a virulent culture, but gave

no protection at all against the H-901 and 0-901
cultures. It was found in this research that the best
protection of all is given by serum in a dose of
0.05 ml (Fig. 2).

FIG. 2

PROTECTIVE ACTION OF SERA IN VARIOUS DOSAGES
AGAINST TYPHOID CULTURES
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These data indicate beyond a doubt the importance
of all these antigens and particularly the Vi antigen
in the production of immunity against typhoid. It
is on this that typhoid prophylaxis is based through-
out the world.

Studies with gonococcus vaccines

I shall not deal here with the formation of
agglutinins and precipitins in our typhoid studies,
but merely discuss the data obtained in regard to
the various gonococcus vaccines.
When the titres of sera from rabbits which had

been injected with various vaccines in doses ranging
from 500 million to 5000-6000 million organisms
were compared, no great difference was observed in
the titres of agglutinins and complement-fixing
substances. Only the live culture with added horse

serum gave higher agglutination and complement-
fixation titres.
When immunization was carried out at a dosage of

4000-12 000 million organisms, agglutinins and
complement-fixing substances were formed earlier
and to a higher titre.
We failed to detect any difference in the antigenic

properties of the various vaccines, even when we

used the precipitation test employing polysaccharide
and gonococcal protein as antigen.

Altogether 348 white mice were immunized
between three and five times with the vaccines listed,
and then infected 8-10 days after the last injection
with 1, 1.5 or 2 MLD of the live gonococcus culture.
We counted on obtaining some immunizing effect
from vaccination and the protection of a certain
percentage of the mice against death. However, it
turned out that the death-rate among the vaccinated
mice was almost identical with that of the control
mice. Only after immunization with the extracted
vaccine did a smaller number of mice die than in
the control (1 MLD: 4 out of 12; 1.5 MLD: 17 out
of 35; controls: 12 out of 13).

These experiments justify our saying that prophy-
lactic vaccination in gonorrhoea does not produce
immunity. This is also in line with international
practice-vaccination is not used anywhere for
gonorrhoea prophylaxis.
The sera from the immunized rabbits were tested

by means of a white-mouse protection test. The
serum was injected intramuscularly, simultaneously
with, or 48 hours before, intraperitoneal injection of
1.25 to 1.5 lethal doses of gonococcus culture.
Altogether, tests were carried out on 268 mice. It
can be deduced from the results of these experiments
that the serum obtained from rabbits after their
immunization with various vaccines did not protect
white mice against death. In some cases death even

resulted earlier than in the control mice. Possibly
in this case lysis of the gonococci occurred under the
influence of the serum, as a result of which a swift
release of endotoxin took place. The released endo-
toxin could not be neutralized and the animals died.

ANTIGENIC FEATURES

The very small proportion of our experiments on

the Salmonella typhi and the gonococcus to which
reference has been made above shows great differ-
ences in the antigenic and immunogenic behaviour
of these two pathogens. For that reason, Deacon's
(1961) ideas in regard to the K antigen require large-
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scale further research. Attention must also be
directed to the basic difference in the properties and
nature of the immunity induced by the gonococcus
and the typhoid bacillus.
The findings of Wilson (1954, 1956) and of Deacon

in regard to the common somatic antigen possessed
by the meningococcus and gonococcus are correct in
so far as the whole Neisseria group possesses shared
antigens. Incidentally, Boor & Miller (1934) also
isolated three fractions from the gonococcus and
established that the C substance, as they called the
protein substance ofthe gonococcus, possesses group-
specific properties for the gonococcus, the meningo-
coccus and Neisseria catarrhalis. To Deacon's find-
ings it must be added that the number of shared
antigens differs in different members of the group and
that the antigenic composition of different types of
one and the same organism may differ and may
change according to various circumstances, particu-
larly under the influence of antibiotic and sulfanil-
amide therapy. For that reason a distinction should be
drawn between the antigenic structure of the cau-
sative agent in its typical form and that of the same
agent under different conditions. I should like to
recall that at one time extensive studies were carried
out (Ovcinnikov, 1952) on the phenomena of gono-
coccal dissociation in the Hadley sense-smooth,
rough, mucoid and G colonies of gonococcus which
differed in their serological, biochemical and other
properties. A difference was also found between the
structure of " mother ", " daughter " and " grand-
daughter" colonies of these organisms. This fact
should not be forgotten when new methods are being
studied.
These factors are very important in the study of

various serological reactions, such as the fluorescent
antibody test, and show that it is practically im-
possible to use that test for differential identification
within the Neisseria group.
One further difficulty arises in using the fluor-

escent antibody test on secretions from lesions of
the organs of those suffering from gonorrhoea-the
change in the bacterial envelope of the gonococcus
inside the patient's organism under the influence of
various factors. It is also not impossible that antigen
may be contained in cellular elements and cause
fluorescence.

Deacon's (1961) assumptions, that very young cul-
tures do not contain a fully developed envelope con-
taining the K antigen and that as they become older
they lose most of it so that the somatic antigen is
exposed and they thus lose their specificity, cannot be

FIG. 3

NEISSERIA GONORRHOEAE a

a 24-hour culture in ascitic agar.

FIG. 4
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completely accepted. If this view were adopted it
would be impossible to use the fluorescent antibody
method to differentiate the gonococcus in cultures
after 30 hours of growth, or the changed gonococcus
in material taken from patients.

Fig. 3 and 4 show the gonococcus and Neisseria
catarrhalis under the electron microscope (a 24-hour
culture on ascitic agar). The envelope is clearly
visible in both micro-organisms. After 48 and 72
hours the envelope is less evident, and very thin.
At the same time there are specimens with a clearly
marked envelope. In altered gonococci, particularly
the L-forms, the envelope is very thin, but never-
theless does exist.

If an ultra-thin section of the gonococcus is
prepared and the block not fixed, or inadequately
fixed, before mounting, the sloughed envelope can
be seen under the electron microscope (Fig. 5
and 6).

In material taken from patients the envelope can
be seen in some specimens even under the ordinary
optical microscope, particularly in over-stained

preparations, but it differs from the gonococcal
envelope in cultures. This is not a real envelope, but
some sort of mucoid substance that hardly takes
stain, and that is visible under the microscope,
although not in all gonococci.
For that reason the question of the envelope in the

gonococcus requires further study. It differs essen-
tially in its antigenic properties from the envelope in
salmonellae. Only an outward resemblance can be
postulated.
Although at first glance the fluorescent antibody

method seems simple, there are some essential
drawbacks militating against its extensive practical
use (in the first place in the matter of strict specificity)
and it cannot be of assistance in the solution of a
number of problems facing the clinician in difficult
cases. Obviously, this method is of importance for
distinguishing altered gonococci but not the typical
forms.

In addition the method can be used only in well-
equipped laboratories and only as an auxiliary
procedure.

FIG. 5
NEISSERIA GONORRHOEAE IN UNFIXED ULTRA-THIN SECTION

x 20 000.
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FIG. 6
NEISSERIA GONORRHOEAE IN UNFIXED ULTRA-THIN SECTION

X 80000.

THE FLUORESCENT ANTIBODY TEST FOR GONORRHOEA
AS PERFORMED IN THE USSR

We use the following technique for carrying out
the fluorescent antibody test in gonorrhoea.1
Immune sera for conjugation with fluorescein

isothiocyanate are obtained by immunizing rabbits
with a gonococcal culture (containing between 500
million and 2000 million organisms killed by heating
at 56°C for 30 minutes) and then four or five times
with a live culture. After an interval of one month
the immunization cycle is again carried out. In this
way sera with a high titre are obtained.

It should be noted that rabbits are chosen for
immunization that are free of staphylococcal and
streptococcal infection. Their antitoxic titre is
determined beforehand. The sera obtained are
adsorbed either with activated charcoal or with

1The work is done by Senior Member of Scientific Staff
S. S. Lur'e, and Junior Member of Scientific Staff V. N.
Bednova (see Ovcinnikov et al., 1961).

dried white-mouse liver, or with both. After this
they are absorbed with staphylococcal and strepto-
coccal cultures. This enables the bulk of non-
specific fluorescence, although not always all, to be
eliminated. The sera are preserved in thiomersal
in a final concentration of 1: 10 000.
The gonococcus cultures are treated with the

fluorescent serum in the usual way.
These sera make it possible to identify gonococcal

cultures quite well. The method, as already stated,
makes possible good-identification of L-forms of
gonococci (Ovcinnikov & Lur'e, 1961) and also of
gonococci in old cultures, although comparative
studies of young ancV old gonococcus cultures reveal
some differences. Whereas in a 24-hour culture all
specimens of the gonococcus give the characteristic
peripheral fluorescence, in old cultures they fluoresce
unevenly, some specimens quite brilliantly and others
more dimly. The method makes possible good diffe-
rentiation of the gonococcus from staphylococci and
streptococci in typical fresh cultures, but the method
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is unreliable for differentiation of the gonococcus
from Neisseria catarrhalis and the meningococcus
and apparently for the whole Neisseria group. The
fluorescence of the whole Neisseria group, the
members of which possess a similar antigenic
composition, is not so characteristic as to allow for
differentiation between the individual representatives
of the group, particularly in atypical cases.

Still greater difficulties are encountered in dis-
tinguishing gonococci in secretions from patients.
The gonococci give good fluorescence in acute
gonorrhoea, if a sufficiently specific serum is prepared
by adsorption, but all the same not all gonococci
give the characteristic fluorescence; they may
fluoresce unevenly, or there may be fluorescence due
to other pathogens, although dimmer and less
characteristic. The most satisfactory results were
obtained when smears from patients were air-dried,
stained with a 1% alcohol solution of eosin/
methylene-blue, and then processed with fluorescent
antiserum. With this method a more characteristic
fluorescence is obtained which allows a distinction
to be drawn between the gonococcus and other
micro-organisms even in the material from patients.
We also tried treating preparations with trypsin,

fixing them for five minutes with methyl alcohol
and then applying a 0.1 % or 0.5% solution of trypsin
(the results were the same) in physiological salt
solution. The preparations were kept from 15 to
20 minutes in a moist chamber at 36°C with the
trypsin solution, which was then washed off in
running tap water. The preparations were then
dried and a five-times diluted antigonococcus
serum (fluorescing) was added. The preparations

were stained for 20 minutes in a moist chamber at
room temperature and then washed and examined
under the microscope.

This method has advantages over the control
method in examining material taken from a patient.
Under the effect of the trypsin the cellular elements
in the smear are broken up and fluoresce poorly,
while the fluorescence of the gonococci is more
brilliant and the gonococci in an intracellular posi-
tion are clearly visible. The disadvantage is that the
gonococci are smaller and the fluorescent rings
thicker. For examining cultures of gonococci this
method has no advantages.

CONCLUSIONS

In view of all that has been stated above, we con-
sider that the fluorescent antibody method is of some
interest, but cannot yet be recommended for wide-
spread practical use in gonorrhoea. There are still a
large number of questions requiring an answer, and
the method must be further studied. In particular an
improved test technique must be devised, especially
for obtaining highly specific sensitive serum. Here
it would possibly be advisable to obtain sera by im-
munizing with fractions from the gonococci, taking
into account their different antigenic composition,
and to use for identification not one but several
sera (polysaccharide, protein, lipoid and " K-and-
somatic "). In addition, for large-scale testing under
practical conditions and in order to obtain uniform
comparable results, it is essential to organize the
production and supply of labelled antigonococcus
sera for large pathological laboratories.

RtSUMIt

La methode des anticorps fluorescents a fait ses preuves
dans le diagnostic de plusieurs maladies, en particulier de
la syphilis. On a propos6 recemment de l'appliquer a la
blennorragie.

L'auteur fait une analyse critique de cette suggestion.
II conteste l'idee d'une identite structurelle de l'antigene
K du gonocoque et de celui des Salmonella. La ressem-
blance n'est qu'apparente et si une atteinte de typhoide
confere l'immunite, il n'en est pas de meme pour la
blennorragie. I1 semble que l'antigene K, essentiel a la
reaction de fluorescence, doive etre mieux 6tudie. Les
techniques actuelles des anticorps fluorescents ne per-
mettent pas encore de distinguer les divers types de
Neisseria dans le materiel a l'examen, et, suivant les

conditions (avant ou apres traitement par les antibio-
tiques ou les sulfamides, par exemple) les micro-orga-
nismes ne presentent pas tous le meme degr6 de fluo-
rescence. Le diagnostic de blennorragie ne peut donc etre
fonde uniquement sur la pr6sence de quelques gono-
coques fluorescents. L'auteur conclut que des 6tudes sont
encore necessaires - avec des serums plus etroitement
specifiques, pr6pares avec des fractions antigeniques -
avant que l'on puisse recommander l'adoption de cette
methode pour le diagnostic de la blennorragie en pra-
tique m6dicale. 11 decrit la technique de l'epreuve telle
qu'elle est executee en URSS, et expose ses avantages et
ses desavantages.

787



788 N. M. OV6NNIKOV

REFERENCES

Boor, A. K. & Miller, C. P. (1934) J. exp. Med., 59, 63
Borel, L. J. & Durel, P. (1959) Path. Biol., 7, 2317
Coons, A. H., Creech, H. J. & Jones, R. N. (1941) Proc.

Soc. exp. Biol. (N.Y.), 47, 200
Coons, A. H., Creech, H. J., Jones, R. N. & Berliner, E.

(1942) J. Immun6l., 45, 159
Coons, A. H. & Kaplan, M. H. (1950) J. exp. Med., 91, 1
Deacon, W. E. (1961) Bull. Wid Hlth Org., 24, 349
Deacon, W. E., Falcone, V. H. & Harris, A. (1957) Proc.

Soc. exp. Biol. (N.Y.), 96, 477
Deacon, W. E., Peacock, W. L., Freeman, E. M., Harris,
A. & Bunch, W. L. (1960) Publ. Hlth Rep. (Wash.),
75, 125

Felix, A. & Bhatnagar, S. S. (1935) Brit. J. exp. Path.,
16, 422

Felix, A. & Pitt, R. M. (1934) Lancet, 2, 186
Felix, A. & Pitt, R. M. (1936) Brit. J. exp. Path., 17, 81

Harris, A., Bossak, H. M. & Deacon, W. E. (1960) Brit.
J. vener. Dis., 36, 178

Kauffmann, F. (1954) Enterobacteriaceae, Copenhagen,
Munksgaard

Ovcinnikov, N. M. (1939) Sborn. Trud. po Derm.-vener.,
4, 179

Ovcinnikov, N. M. (1940) Sborn. Trud. mosk. bakt., 3
Ovcinnikov, N. M. (1952) [Gonococci and laboratory

diagnosis of gonorrhoea], Moscow, Medgiz
Ovcinnikov, N. M. & Lur'e, S. S. (1961) Lab. Delo, 12, 30
Ovcinnikov, N. M., Lur'e, S. S. & Bednova, V. N. (1961)

Vestn. Derm. Vener., 2, 27
Porudominskij, I. M. (1941) Urologija, No. 1, p. 71
Rosen, P. S., Gurvic, J. G. & Kilimova, 0. E. (1936)

Trudl. mosk. bakt. Inst., 1, 202
Wilson, J. F. (1954) J. Path. Bact., 68, 495
Wilson, J. F. (1956) J. Path. Bact., 72, 111


