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Accelerzted Detection of thz Pathonens of Certain Diseases
by the Flucrescent Antikcdy wethod

V. P, Blcliliov, Lieutenant Colonel of the Medical Service
1. M, Markelov, Captain of the Medical Service
V. F, Mukhin, Captain of the Meciczal Service

From the progressive methods of accelerated detection
of agents In obJects of ihe envircnment, laboratories in
recent years have developed the method of fluorescent anti-
bodies:. The creation of the fluorochrome dyes, which are
capable of combining chemically with the molecules of immune
protein without disrupting their immunologic specificity,
has opened up unlimited possibilities for the use of lumin-
escent analysis in the area of microbiolooy.

The experimental studies of Soviet authors on the
detection of the bacteria of the enteric group and of anthrax
and of foreign authors on the demonstration of the agent of
melioidosis in the soll and in the diagnosis of influenza in
patients, testify to the indisputable precspects of this
method.

The present work was devoted to a study of the possi-
bilities of hastening detection of the agents of several
diseases, in material taken from environmental objects, with
the aid of the fluorescent antibody method under the condie
tions prevailing in military bacteriological laboratories,

The work was carried out In such a way as to study
the specificity and sensitivity of the method and the rapid-
ity of investigation for the presence of known agents. We
made use of our own laboratory specimens of typholid fever,
brucellosis, tularemia, anthrax, and normal sera labelad
with the fluorescent dye (flu rescine-isocyanate and l-di-
methylaminonaphthalene-5-sulfochloride). The specificity
of each serum had been demonstrated earlier in linear agglu-
tination studies with homologous and heterologous antigemns,
This faciiitated an- increase in the objectivity of the
results of the method of fluorescent ant!lbodies, since in
processing the latter we used the most highly specific sera, .
which did not react with heterolugous antigens generally and
which gave positive agglutinations in a dilution not greater
than 1:40. The resviis of the study of the specificity of
the method are shown {n Table 1, :

In order to exclude the possibility of nonspecific
results associated with characteristics of the cultures, and
in order to standardize the conditions of the experiments, we
used as our homologcus antigens the standard diagrostic anti-
gens approved by the state control. The appropriate dilutions
of these were pregared in distilled water, starting with the
content of microblal bodies in each diagnostic sample,
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The preparations were prepared in the following man-
ner, Onto scoured microscopic slides, using a large loop,
drops of the mixtures of diagnostic antigens or of cultures
with differing concentrations of microbial cells were placed;
these were then dried at room temperature, after which the
preparations were carefully fixed by flaming, Onto these
smears, which were placed in moisture chambers made of Petri
dishes, the same loop was uscd to add drops of the fiuores-
cent sera, used in working dilutions. The moisture chambers
with the preparations were then placed into the oven and
kept there for varying periods of time (20 to 60 minutes), '
depending on the regime for one or another serum. After ‘
this, the preparations were placed for five to seven minutes ’
in 0,1 milliliter buffer solution prepared from singly- and ;
doubly~substitutied sodium phosphate at a pid of 7.2 to 7.4; ;
the smears were then rinsed with distilled water and dried
in air, The preparations were studied with ordinary light
microscopes, the source of ultraviolet and blue-violet rays
being a Zeilss arc lamp for luminescent mlcroscopy with a
system of corresponding filters. The preparations were
viewed under oll immersion, using an c¢il which was free of
luminescence of its own, For orientation with respect to
the numbcr of bacterial cells in the preparations, compar-
able smears were made up, stained with Gram's stain, and
studied under various magnifications with an ordinary 1light
microscope,

Of 79 tests for the staining of antigens with homo-
logous fluorescent antibodies, clearly positi{ve resulis were
obtained in 57 (Table 1). The bacterial cells, slightly
enlarged In dimensions, shone with a specific bright yellow
or yellowish-green 1ight while retaining their characteristic
morphology. Of the 22 negative results, 10 occurred as a
result of low original concentrations of bacteria in the
mixtures used (125 million or less per milliliiter) and, Just
as in the case of the remaining negative results, are
explalined by our doubts concerning the luminescence of cone-
glomerates and of separate cells with unczriain morphology,
vwhich we noted in the preparations, Of 321 tests of the
processing of antigens with heterclogous antibodies, only
in five was there specific fluorescence of antigens, which
may be explalned as due to c¢onteamination during the process-
ing,

The sensitivity of the method permitted, in several
instances, a detection of the agents in concentrations of
62,5 million bacterial cells per milliliter of mixture, and
unfalling demonstration of the agents in concentrations of
250 million bacterial cells per milliliter. When the microbde
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cells were concentrated by centrifugation or filtration
through membrane filters, the sensitivity of the method
was increased accordingly.’ C R

A second series of tests was run to determine the
possibility of detecting homologous antigens in environmental
objects with the sera at hand. For this purpose, to 50 mil-
liliters of distilled water ‘and 1C milliliters of pond water

" were added 250 to 500 million gells of the appropriate anti-

gen; O.5 to one billion microbe cells were spread uniformly
over "100 square centimeters of the surface of the object,
and to 2.5 grams of food products placed in a Petri Gish
were added two milliliters of a one-biliionecell mixture of
the antigen, . '

The bacterial cells mixed in distilled water were
concentrated by filtration through a No 3 membrane filter:
thé residue was then suspended {n one milliliter of distilled
water and re-emulsified, then centrifuged for 15 minutes (at
‘5,000 revolutions), witﬁ subsequent decanting of the super-
natant fluld and re-emulsification of the sediment in one
milliliter of distilled water. The thickened mixtures Lhus
obtained were then studied according to the method described
above, It was observed that smears prepared frem the file-
trate contained 1.5 to 2,0 times more microbe cells than did
smears from the centrifugate, from pond weter heavily con-
taminated with extraneous particles, preparations were made
up after preliminary purification, Purification was carried
out by means of filtration or by allowing *he water to stand
for 10 to 15 minutes, with subsequent cent:.fugation (15

.minutes at 1,500 revolutions), rom the resultant super-

natant flui<, or from the filtrate fluid, which contained

.up to 70 percent of the antigens introduced initially, -along
.with the finest of the extraneous particles, the agents beling

sought were concentrated by filtration through a membrane
filter and the preparaticns wer2 then made up from the re=-

“emulsified mixtures.

From the contaminated surfaces of objects, the intro.

~duced bacteria were removed with moistened tampons. In order
.%o free the removed material of extraneous particles, we used
.the following method., From the contaminated surfacesof tie

. objects, washings were made with a tampon moistened in water,

with the tampon washed on each occasion with four to six
milliliters of distilled water in a test tube, and then
squeezed against the side of the test {ube, %he resultant
turbid mixture was then processed by the same method used
for the purification of contaminated water., - -

rom the loose food products, fats, curds, and meat,
preparations were made up in this fashion after freeing the
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emulsions and washings from extraneous inclusions,

The

results of this series of tests for the detection of deli-
berately introduced antigens are shown in Table 2,

Table 2
Recvlts
Object of atudy Antigea No of Pousia Doubt= NcQae
hests  tive ful tive
Tap water Brucellosis 6 & - - ;
LLaalCidee . 3 & I'4 - H
Typhoid fever ° 4 4 - - :
Ground water : ' :
(from pond) Typhoia fever 14 13 - 1
Surface of a glass Brucellosis 4 - 1 3 '
Tularemia . 2 - 1 1
Typhoid, fever 1 - - 1
Surface of struc= ‘ “ '
tures and equipe A
rment (worn from
dust Brucellosis 22 13 4 5
Typhoid fever R3 18 1 4
Surface of concrete
and other cover- -
ings (very dusty) Typhoid fever 15 8 2 5 .
Surface of milie e .
tary material Bruycellosis 26 14 9 3
Typhoid fever R6 16 7 3
Various grains qucellosis 5 3 2 ‘-
Typhoid fever 9 7 2 -
Butter Brucellosis 2 2 - -
Typheid fever yd 2 - -
Combined fats Brugelloslis 5 - 2 3
Typhoid fever 5 - 4 1
Frozen meat Brucellosis 5 - 2 3
Typhgjd fever 5 - R 3
Dried fruits Bruceéllosis 2 - 2 -
Typhoid fever 2 - 2 -
Curds Yrucellosls 2 1 1 -
Typhoid fever 2 1 1 -

Note: In 12 experiments, structural surfaces were studied; in
26 experiments the surfaces of millitary material were

studied; {n 22 experiments with food products, the

oblects were contaminated with a mixture of brucellosis
and typhoid fever diagnostic antigens,
were accompanied by appropriate controls for specificity.
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The "doubtful" results occurred in czses Iin which ¢he
-antigens in the preparations fluoresced with a pale
. yellow color (++#) and did not possess the character=
istic morphology to a clear-cut degree,

Tests for the detection of deliberately introduced,
pre~xnown bacieria confirmed the high specificity of ihe
method and permlitted, in the succeeding zciies of tests, a
transition to the solution of the procb.e of detecting
deliberately intnoduced but."unknown" agents in environmenw
tal objects, S e

We began the solution of the problem cof detecting
bacterial contamination of objects in the environment by
procuring purified, concentrated mixtures of the agents
being sought, For orientation in the choize of labeled scra
necessary for the¢ processing of the preparations, smears
were made preliminarily from each of the concentrated mix-
tures and stains with Gram!s stain, - The characteristic
morphology and staining properties of the corresponding
agents permitted us to prepare the necessary number of
smears and to stein them with one or another labeled serum,

Further processing of the preparatlons and study of
them were carried out according to the method already das-
crited, Each test wes accompanied by controls: No 1 --
deliberately introduced known antigens (determined by orien-
tative microscopy), processed with homologous labeled sera;
No 2 -- smears of the sought-for mixtures stained with normal
serum., A third control was provided by smears of the sought-
for mixtures stained with heterologous sera, For example,
detected coccl were stained with brucellosis and tularemia
sere, one of which, in the presence of bacteria of this
morphology, was heterclogous to them,

The prepara®ion of smears, stalned with labeled sera,
from water containing s morphoiogically homogenzous species
of bacteria, and mjcroscopy of these smears, requires from
2.0 to 3.5 hours; approximately the same length of time is -
consumed Iin making up preparations from washing of ok jects,
In microscopy of the preparation with the iuminescent micro-
scope, the bacterial cells and foreign particles are found
in great abundance at the edge of the drop and thin out
toward the center, The edge of the drop, if {t contains
bacteria which are homologous with the secrum, shines
brightly with'a confluent and specific color, In the ab-
sence of homology between bacteria and serum, the edges of
the drop fluoresce with a pale blue~gray color and show

.separate conglomerates of foreign particles, which shine

with a bright yellow and yellowsorange color,
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Since foreign particles do not form a confluent field
of color, then the presence of such a confluent field, even
in the absence of separate cells with clear-cut morphology,
permits presumption as to the presence of the specific agent.
Such luminescence of the edge of the drop {ihe preparation)
pecessitates a study of new preparations and of contrcls with
different staining techniques, An identical picture {n the
first control testifies to the specificity of the lumines-
cence and hence to homology between the bacteria and the
serum. Simultanecusly, it is noted that sera labeled wiih
fluorescine~-isocyanate, upon microscopy in the luminescent
microscope, shine for a longer pericd, whereas sera labeled
with ledimethylaminonaphthalene~5-sulfochloride quickly lose
their capacity to fluoresce in the team of ultraviolet rays.

Of 27 problems in the detection of bacterial contaml-
nation of the environment, 20 wére solved correcily; in four
cases, in addition to the detection of the introduced agent,
others were discoverz2d which were not a part of the problem;
only i. iirie {nstances were the introducad bacterin .-,
detécted. Hence, in evaluating the method oaly in teras
of the solution of the problem of detecting unknown agents,
it may be affirmed that the method i{s highly specific. In
our material, 83 percent of the iniroduced agents were
detected. Errors in the determiration of specificity are
explained by the absence of sufficient experience in the
usg of the method and, possibly, by noaspecific adsorption
of antibodlies on certain of the heterolcgous antigens.
Experience in wa king with sera of higher specificity will
permit increases in the number of positive results in

studies using the fluorescent antibody method,

Conclusions

\}‘\‘The highly specific and sens!tive fluorescent anti-

hody method is easily applicable to the quick detection of
various agents,

. Most convincing is the use of the method for de-
tecting agents Iin water and in washings from slightly con-
taminated surfaces, in which the percentage of positive
results approximates 100,

%+ Satisfactory results have Leen obtained i{n ithe
use of this method in studying heavily contaminated surfaces
and certain food products., The agents of typhoid fever,
brucellosls, and tularemla can be detected, Bacillary forms
of bacteria with clear-cut morphology can readily be diag=

nosed., [ )
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