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IMMUNOFLUORESCENCE IN INFECTIOUS PATHOLOGY

Aoquisitions Medicales Recsntes (’tris) R, Bastin
(Recent Modiocal Acquisitions) Professor, School
Pages B83-98, 1964 (?)
and Ch., Lafaix

Credit for having thought of and developed the
teohnique of immunofluorescence goes to Oeons [1)],

In 19421-1942, this author noted that it is
possible to mark the molecules of antibody globulina
with a fluorochrome without altering their seroclogical
veacotivity., In effect, the antibedies thus conjugsted
become capable of attaching themselves specifically to
the gorrespording antigena and their fluorescence makes
them visible under ultraviolet mioroscopy.

Thus, Ccone was ahle to visualize for the first
- tdme Type IIY pneumcecoesl antigens using a solution of
antibody globuline coupled with fluoresocsin isocyanate
and coming from a hyporiumuninod rabbit serum Lz].

of Modicine of Paris *

Subaoquontly, this method was perfected and used
widoly in bacteriolegy, virology,; parasitology, hiasto-
. dmmunology, both for basic research and for ¢linical
diagnosie,

Identification of a bacterium on a microscopio
preparation containing severel apecies of bacteria
allowa us to understand the very simplo principle of
this method.

¥ Olaude Bernard Hospital, 10, Avewue de la Porte
d'Aubervilliers, Paris 19,
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After fixing, the preparation is brought in con~
. tact with a solution of marked antibodies (also called
conjugated) using a fluorochrome. The antibodies
corresponding to the germ whose ldentification is being
sought concentrate at the surface of the bacterium while
they attach themselves on its "antigenic sites,"

o The excess of non-fixed antibodies is eliminated -
... ..by washing, the microscopic examination then procseds Ly
using a light source whos¢ wavelongth has been eo
selegted thet the fluorescence of the "
chrome is excited at its optimum rate (
vtolot, ultraviolat rayu).

waswing? tluoroé
gunexslly blue~

The bacteria on which the specific marked anti~
bodies are fixed appear to be surrounded by an easily
visible fluorescent ring. In turn, the other species of
bactaria are not made fluorescent and remain inviaibdble,

Lo : ' Thue schematiocally illustirated, the technique of

Lo - dmmunofluorescence combines the rapidity of a microscopio
examination with the immunclogioal apecificity of a
serological examination. The baocterium made visible by

‘ - - known fluoreacdent antibodies is at the seame time identi-
| fied by thenm,

It may happen that the deteotion appliea ne lon;or
to & baoterium,but to antigens in the moleculaxy state,
_located within the tissue or the cella; more or less.
confiuent brilliant pointe are then chbserved, Infra= .
mioroscopic viral antigens oan thus be located in the b
‘pucleus of a cell infected with oonducatod antibodies, ’
specifioc to she yirus under study, .

- —An - Aot ~ibed, the divect method only‘utilises the
antiger and the fluorescent homologous antibody.,

|
|
|

-
a

g

‘The other variations sre headed by the
y @180 ocalled the "sandwich" mothod ox the

"double
. layer® method [3].

F RTINS SFTUTAR 6 )
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First, the preparation is

& non=conjugated antiserum., The
i attech themselves to the antigen
| excess® antibodies are eliminated

Nexv, & seoond - antiserum

brought in contact with
antibodies .enclosed
and then tho unatttohod
by washing.

conjugate is added,

gontalning anti-gamma globulin antibodies of the animal

species which furnished the first antiserum,

This '
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second layer of fluorescent antibodies attaches itvaelf
to the first layer of the non~fluorescent antibodies
(with the excess again being eliminated by washing).
The first layer is fixed on the auntigen.

The first layer covsiats of gamwa globulins whiech
bohave like antibodies vis=-a=vis the antigen and like
antigens vis—-a=vis the second layer of fluorescent anti-
bod ies .

This indireot method is thus based on Coomba'
principle,

It parmitl identifying an antigen, for examplo,
bacterium A with the aid of a first layer of antie

-bacterium A rabbit antiserum, followed by a second '

layor of conjugated rabbit anti—gumma globulin antisexrum,

It also permita, and this ia important, identify-

ing an antibody.
serum under study

‘The first layer, conaiating of the
(for example, patient serum) is

brought in ocontact with a known antigen,

The second

layoer encloses the conjugated anti~gamma globulin antie
bodies of the serum of the firat layer (for example,
human anti~gamme globulins). ,

Seen from this augle, the indirect method oan be
usred in sexrology the samo as a serodiagnosis. ‘

There are also other variants of the lmmunofluo=~
resoonce technique and they axe used loas frequently
thap the preceding ones, For oxamplus

.. le ‘The anti=oomplemontary wethod (4] where & conju-

gated antiserum makes the complement fixed on
an immune complex fluorescent (a priuciple
similar to that of the fixation reaction ot
the oomplonont).

"2, The method of fluorescence inhibition.

1.
The first operations are the tollowing:
- (1) Hyperimmunismation of animals (most frequently
rabbite) with known antigens.
e-3-
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(2) The serum ims collected aterile and titrated
(by agglutination oxr by complement shifting).
A high antibody content is indispensable.

{(3) The immune serum is gemnerally fractionated by
the ammonium sulfate. We obtain a sclution of
globulina whose weilght content is deterwmined
by nitxrogen dosage.

The fluorochromes used [5] are in fact chemical
derivatives of common fluoroohromes capable of ronctimg
and conjugating with aminated radicals of aminated - - -

"j;,globulin loid-.

e . fluorescein isothiocyamate., It is actuanlly

'_protoino by dits 1nothio grouping.

' particularly Lissamine-Rhodamine [7] and l-dimothyllmino-
_m,nlphthnlouo 3-sulphonic acid,.

. (1) Flucrescein isooyanate was the first
fluoroohrome (Oocons).

Wie meetews

(2) Prosently, based on the work performed by
Rigge and aesociates [6] we use primarily

more stable than the preceding oompounds.
It'oonbinai with the aminated radicals of

(b) There uro alao other fluorochrome derivatives,

must dbe optimum,

‘The ‘solution is then dialyzed or passed ovor‘a
Sephadex ocolumn to eliminate the excese fluorochrome
not oombined with the globulin,

Both these operations must be performed undex
rigorously deteruined temporature and pH conditions,

Aftex having performed the necessary '"drainage"

the marking ratio is verified (F/G) and the final stop
is dividing the solution of conjugated antibodies in

-h‘

AT Y UVE AT

: abulins ' M6t x ), Aufﬁuihguumoun$~of fluero-—A»~~w—m~}vq»m
-\.ohromo %o bo introducod i3 a funotion of the welght of :
- the globulins which are tc be marked. For the fluoro~
'scedin isothiocysnate the ratio adopted is generally
. 3 te 20, This is very important because the proportion
' of fiuvorochreme molocules marking each antibody molooule
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- -avodd the alteration of the antigens.,

TR

order to store it in a freeser at =200 ¢, Under theae

conditions the solution can be preserved for more than
one year,

2,

If & microbiological sampling is involved (throat
sampling, various exudates, stools or of a microbium
culture the apreading over the alide must be thin and
homosenooua.

In histology, the sections are preparsd fromen to

deposited on the slide. In virology, sections of cellu-~
lar cultures or tissues are more frequently involved.

In al) cases, the slides are fixed by immersion in
a mild fixing agent: alcohol, acetone for example (the
slides so prepared must not be conserved too 'long, even
when cold),

The preparations are then put in eontact with the
conjugated antibedy solution. This is accomplishead by
applying to each slide some drops of this solution which
is left alone for 20 to 30 minutes, The slide is then
mildly rinaed by immersion in buffered physiolegicul
water (pH 7) 8o as to eliminate the excess antibodies
which are not fixed on the antigens.

After this rinsing, the preparation is covered

‘with a drop of buffered glycerin (pH 7) and a llmtlla;
it 48 now ready for mioroscopic examination.

—————--In—the "indirect" wethod, the ; preparntion 1s Tiret
covered with specific non-condug&tod antiserum, then
rinsed for the first time. It is then covered with con-
Jugated anti-globulin serum ard rinsed the second tiwme.
It is then mounted with glycerin and lamella.

An ordinary miocroscope with black background ocon-
denser is used, Lighting is very semnsitive, In fact, it
muat be intense and have a wavelength such that it '
excites the fluorescence of the fluorochromes. The
ultraviolet wavelength (or of the blue violet) is gener=-
ally adequate. '

The light source is a merocury vapor lamp. A so-
called "exciter® filter placed before it stops the rays
of the visible epectrum whose wavelengths are useless

They are then =i«
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and allows only passage of ultraviolet radiation.

These, upon arriving at the preparation "excite"
the fluorochromes which emit their fluorescence.
Involved is the fluorescence of a yellow=-green color for
the fluoresecein derivatives, orange-red fer those of
rhodamine,

-At th§ lens lovel, a second filter stops the
ultraviolet rays and allows the paassage of fluorescent
wave lengtha only.

It 1e¢ possible to photograph the preparations w:l'ﬁhmmw

~ highly sevsitive fila 3, B, 9.
Arplications
The applications of immunofluorescence vary

¢ro¢t1y and are many in number. They have already bcon
the objeat of many hundreds of publications.

-BY entering the practical’ tield. we will have
priwarily in view the assistance which these new tech~-
niques oan perhaps oontribute to the dlagnosis of certain
infeotious diseases. It ia not that immunofluorescence
- de unimportant in' the experimental field of fundamental
__reasapch, ‘far from it; we propose also during the
“verbal explanation to point out some studies which have
henefited considerably, in bacterioclegy, virology, and

o 1ununology;trom the inmunofluorsacont me thod .

(a)

(a) In infantile gastroenteritis due to pathogenic

. colibacilli immurofluorescemce has been used for
the first time hy Whitaker and his associates in
1958 [10].

" Their study covers 128 specimens of stools
| collected during an O 127-B8 colon nursery epi-
' demic. The samplings vere examined according to
the "direct" method with a conjugated anti-
0 127~B8 rabbit serum, The results were compared
with those of the oclassiocal identification methed
(culture followed by sero-agglutination),

The correlation betveen the two technigques was
observed in 69% of the ocases (of 53 positive and

- 6 L] ' -
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36 negative samplings), in 30% of the cases the results
were positive with the imnmunofluorescent method alone
(excess disagreement),

In 1960, Nelson and Whitakexr [11] examined 355
stools of infantile gastroenteritis patients with 10
conjugated rabbit antiserums corresponding te the 10
entexropathogenic serotypes of colon bacilli. They found
98$ of correlationa with the classical method and a very'
slight percentage of excess or shortage disagreement.

Cohen ot al, in 1961, also found 87%. correlation

~and leses tban 7% of excess disagreement [12)].

Thomason, in 1961 also found 88% correlation and
less than 15% disagreement, all by excess [13, 14, 15],

In France, Fournier in the Le Minor Laboratory,
as well as Dropsy and Muick [16, 17, 18] used this method,
In the vast majority of his observations, Fournier
claimed results which agreed with the classical technlque,
in 8% of the cases there was disagroement by excess.

All these authors agree on attributing to the
immunofluorescence method real value, It would asem to be
almost as specific as the classical method of culture
agglutination, The ma jority of the authors in fact tested
their conjugated serums with & very large number of
bacterial species susceptible of being encountersed in the
stools, They found no more crossed reaction than with
the classical serological methods provided, however, the
saxruns were used with optimal dilution.

___..____These very good results resorded in tracking down
pathogenic colon bacilll appeared to be enhanced by the
presence of a K antigen of the B variety, an envelope
antigen surrounding the somatic O antigen,

The rapidity and simplicity of the examination
also accentuate the advantages of immunofluorescence,
Abecut one hour after the sampling, the result can be
obtained; thia makes it theoretically possible to iden-
tify infants cerrying the pathogenic colon bacilli
starting with their arrival at the hoapital or from the
beginning of an epidemic,

We point out that an indirect method, using an
agzlutinating rgbbitaerum(nommorcial) and an anti.rabbit
conjugate 1s also being prapoqod. :

All these acquisitions are evidence that infantile

-7-
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. gastroenteritis with pathogenic colon bacilli ias one of
~the least disputable diagmnostic applications of lmmuno-
fluorescence.

(b) At the opposite end, unfortunately there are
the bad results of this technique whenever giving evi-
dence of other snteropathogenic bacteria ils involved,

- #such as salmonellas, shigellas, and choleric vibxrions.

With these geoxrms, the orosaed reaoctions dus to

0O sntigens coemmon te many intestinal germs are in faet
© 80 _numerous that they render t¢he method useless [19, 20,

21].

2. Yheooine Couszh

\l",;ZLﬁxgxnwpaaitiwoﬁuixhw$hcwzwoAmo$hodaT—k~nor

The bacteriological diagnosis of whooping sough by

- eultures of pharynged samplings over a Bordet and Gengou

medium has the doudble inconvenience of frequent fallure

.. apd requiring ap average of 3 days' time. Thus, direct
"dwmunofluorescence was tried for the first time in 1960

by Donaldson, Whitaker and Nelson [22, 23],

These authors report that in 128 gases of clinical~

. .1y confirmed whooping cough, immunofluorescence was
. positive 100 times while it was negatiye 120 times against

122 control subjects in good health or with other infec=-

tions (this makes an excess of two errors).

Kondriok_pt'al‘tzh] in 1961 compared the results

. " of the oulture with those of direct immunofluorescence;
. the 130 pharynged samplings made among wheoping oough
. suspects were transported to the laboratory in a liquid

medium, 98 samplings were negative with the two methoda,

.

the culture alone and 7 were positive by immunofluores=
cence alove., In this last group, the vlinical diagnosis
of whooping cough waa confirmed for no more than half the

o ohildren; atill here, excess errors appear possible.

In France, J, Msxie, F. Herzog and M, Gaiffs

_ reportid in 1963 the results obtained from 100 samplings

[{25]. 2In the 5% cases where clinically confirmed whoop-
ing cough was involved, immunofluorescence way 45 times
positive, 10 times negative, and the culture was 37 times
positive and 18 times negative. In the L5 cawes where

vo whooping cough infections were involved, immunofluor=-
escence was 44 times negative and once positive,

Despite some errors by excess, the croased
reaoctions with other germs and the delicate management

1

e-poeitive by ——F— §—
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of the method indicated in the preceding reports, all

the authors agreed that direct immunofiuorescerce is a |

technique of the future for the diagnosis of whooping
cough, particularly at the beginning of the infection
(the catarrhal period) if the subjecta have not yet
regeived antibiotioce,

Our perscnal experience of the method forces us to —~~~ F

be leas optimistic, while fully realiging that it can be
of aervice. -

Ve noted in fact that an examination of the slides

“éertain elementa of the . smear (desquameted cells,
muoous, leucocytes, foed left-=overa among infanta), alao
beoause of the rarity and the hardly characoteristio
morphology of "Bordetella pertussis" whiech is a very
amal)l germ. Furthermore, like Kendriek, we obaexrve a
‘atrong cromssed redction with Bordetslla para=pertuseils
and Bordetella bronchi-septica (even after very sbtrong
diluvion of the conjugated serums),

wag often difficult due to non=specifie flunzcagcnan_”at___:l

In an attempt to eliminate the possibility of
~errors by excess, Wé pald great attention to the prepara=~
tion of the serum (praadge through Sephadex, correat pro=
pertionality of marking, drainages, optimum dilutions)
and we observed rigorvously the oriteria of positivity,
This means that in oliinlocally confirmed whooping cough
cases, vwe recorded a oconsiderahly lower perceniage of
poaitive reaults then that of the aforementioned authors.

We are thus mot very satisfied with the direct
dmmunofluorescent method and we alse tried the indireoct

1

Bk | i b Bt ) 55 i b e

__serelogical methed, It appears to yield good.resulsle

provided, however, certain precautions are observsd in
the preparation of the human anti=gamma globulin comju=-
gates; it weuld only be of interest if the appearance
of the antibodies were relatively precceicua, whioch is
unfertunately very little lgkoly.

3. Dizbihexia

)

It de0 known that the direat identifiocation aof
Corynebacterium diptherise is imposaible by the routine
technique of Gram coloration in the .smear made by
pharynged sampling since the germ 18 in faat mixed with
numerous saprophydes.

e

It is necessary to use culture., The Kleba-
Loeffler bacilius pushes forward in 16 to 18 houra and
often it is necessary to characterime 1% by ite

agn
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~ experimental pathogenic capacity with the guinea pig
_ since the differential diagnoais may oecur with other
@ , saprophyte diphtherimorphousbacteria. A direot identifi-

catlon method by immunofluorescence would thus be very
useful,

Whitaker et al [26] "oondugltqd" a diphtheric nnti-
toxin ‘and based o preliminary studies made with
different Coryne bacteria, they assumed that only

Coryne bacteria was made specifically fluorescent.

Among 9 subjeocts strickon with diphtheria the results
-were 8 times positive, while they were negative in a
large numper of non-dipbtheria afflicted subjects.

" Fluorescence which lppoarod like a "halo" around the

. germ waa attributed to the soorotod texin.,

tholy, other bacteriologists have shown the
impossibility of differentiating with conjugated anti=
toxin the toxigenie straine ¢f Ooryme baoterium
diphtherine 'from non~toxigenic etrains. Bacterial antie

bodies thua appear to bo acting at the same time as anti=
toxin.

. ~ Thie observation led Moody and Jones in 1963 [27)

;. to make the oconjugated antimicrobium teet, preparaed by

. injecting with great precaution the guines pig with live
straine still provided with thermolabel K surface

Watdgen (antisorum O X) and uutoul&vod strains (antiserum

; The best results were cbtuinnd with 0 K anti=
_ , ‘serume. The various diphtharimorphous Goryne baoterie
W tested showed no fluorescence excopt the rare toxinogenio

t_Qnrxnnﬁhgpjtrinm,ulnnranﬂJ__ThnAd;phthnriq““kWAm
- bagilli in contrast yielded good fluorescence, but at

\ L very lovw dilutions (1/5). The atxeptoooccl and the

. L ataphylocoocei yielded oroased fluerescence. Moreover, it _
: o wag impossible to distinguish the toxigenic strains from b -
S, . the non-tox&goaio e%raing of Ooryne baetorium diphbhe'Hids,

Despite theoe diffioculties, the suthora belisve
that the method could te applied to diagnoaing diphtherias, -
not directly on the throat. smeay, bubt on & gsmear ‘made L
after several hours of incubatiun (3 to 6 heura) ef the
eponge in'a liquid medium,

W

To atudy ltroﬁtoooooi. to detarmine thelr groupe
ings, the Tapidity of immunofluorsscence aould make

this teohnique preferabls to the Lancefield wmethod,

L o ' | “ 10 =
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In 1958, Moody et al prepared conjugated group
antieerune with a fluorochrome. They observed a strong
crossed reaction between the streptococei of group A and
those of group C, a lesser crossed reaction between the
streptococel of groups A and G. To extenuate this
inconvenience, Moody et al tried to "drain” the anti A
sexrum with streptococci C and G [28].

Other authora [29] proposed another inhibition
method comsisting of applying a non-conjugated antaserum
C followed by & conjugated antiserum A to a first amears
on a second asmear - identical to the first only conjugated
antiserum A iz applied, Comparicon of the flucrescence
of the two ascumbles showg an inhibition of the latter on
the first scumble if streptococcus C is involved,

Thus, these preliminary efforts showed that with
good quality drained antiserums, immunofluoreascence could
compare favorably with the Lancefield method.

In clinie, the firat astudiea made on pharynged
samplings were not demonatrative, eithexr because poaitive
fluorescences Wero noted when the culture wag negative ox
vice versa, In fact, this is & technique where germ
cultures and immunofluorescence are combined whieh
ayppears to give the resulta expected. ‘ T

The sponges aro placud in the bath foxr 2 to 8
hours, within & medium of liquid culture. After agitas-
tion, the esmears are prepared fox immunofluorosoqnoo.

With this method Peaples et al [30)] obtained 2135
positive results (in the same series, 233 were obtained by

negative results by the traditional mothod.
Other authors also reported thoir results [31, 32,

33, 34, 35) and as a whole, there ia about 75% to 95$
tgfeomont between the two methoda,

Many divergent results appear easpentially due to
falae positive fluorescences.

It ia derived fLfrom thegse eaxly efforts that
immunofluorescance is too often untrue now, but that it
deserves more profound experimental and oclinical astudy,

.5.

Many other applications have been forecast foxr the
diagnosis of various haoterial infeotions, some of which

- 1l =




are still in the experimental stage. We cite the work {

P performed on staphylococci (those which secrete coagulase
could be distinguished from'the non-pathogenic types) [36,

37) pasteurellas, brucellas, pseudo~mallei Malleomyces, 3

carbon bacterial infection, leptospiroses, the pork
chiggexr, etc. : '

We will dwell for a moment on the applications of s
immunofluorescence to the diagnosis of purulent meningites
and venereal dizeaases.

The direct method has been mpplied to patients
with purulent meningitis of the Pfeiffer bacillus ([38].
“"In 43 samplings the results were almost identical to
 those of the classical methods (Gram and cultures).
However, immunofluorescence has turned out to be mare ] |
sensitive since it alone permita, in 5 samplings of
cephalorachidian liquid, to give evidence of fluorcscent
bacilli (particularly after antibiotic treatment).
" Specificity appears to be good, because the preliminary
tests only showed a weak crosmed reaction with meningo-
eoccus strain. ' ‘

‘Other authors tested direct -immmunofluorescence on

?gnﬁncooooouc straina [39) and moneocytogenic Listeria
o). .

Under the heading of purulent meningites, one
should mention that immunoflusrescence has some bensficial
qualities. In faet, in contrast with what ococurs in
throat or stool samplinga, those of the cephalorachidian

- 1iquid are rarely invaded by many mierobial species at ‘
the same timo and the reading of the slidea is thus rela- . 3
tively easy, In apite of this, the superiority of T

immunofluorescence over traditional techniques does not
soeil to have asserted itself,

e rerd

For the diagnosis 2f blennoxrrhagia, Deacon et al
first used the diveoct immunofluorsscence method [41],
They used conjugated aptiserums prepared by animal in-
Jeation of young gomecoocus cultures, including & type
K antigen; to eliminate the oroass reactions with the . -
other Nelaseria, the serums were drained with meningo-~ - {
oocous straine.

Eapecially in women, whéere blennorrhegia easilly
takes on o subacute and insidious speed, where bacterio~
logioal diagnosis is at times diffiocult, the advent of
new techniques deserves attention. Here, Deacon compared
the results of direct immunofluorescence of smears and
direot immunofluorescence aftexr previous culture of the

@ | -12 -
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samplings for 16 to 20 hours with those of traditional
sultures,

Based on the conclusions reached by this author,
it appears that the delayed immunoflucreacence method
yields the same results as the culture, it requires less
time, but meanwhile it has neither the apeed nor the
sinplicity of the direct method; unfortunately, and still
acoording to Deacoun, it will often be by shortage [42].

On the diagnosis of syphilitie infection, ounly a
fow remarks will be made,

An indirect serological method will be used which
detects the antibodies by placing the serum of the
patient (at a convenient dilution) in contact with a
preparation on a treponema slide (Nichols strain) origi=-
nating from an experimental rabbit orchitia. The anti~
bodiea attached to the treponema antigens are themn
revealed by & human anti-gamma glopulin conjugate,

In 1957, Deacon et al used this techmique for the
first time [43).

. In France, it was intreduced by Borel and Durel
{4l4] in 1959, Today many serologists have adopted this
method, '

.

Thecretically, one would he Jjustified in expectiing

‘much fxom & method which uses the "colorless treponema'f

itself as an antigen, s

However, Pillot and Borel [4%5] showed that immuno=

.. fluorescencs detected not only specific treponema

pallidum antibodies but also the group anti-protein. T

The possibility of using the Reiter strain (non=-pathogen=
i¢) as an antigen illustrates furthor this peouliarity,

Although the reagents do mnot play a role in o
immunofluoreacence, it is not possible to use this metho
to control falsely positive reactions with cardiolipin
(also very rare) partisularly if the serum becomes the
complement with the Reiter antigem [U46].

The specificity of the method is also reduced by
the posalbility of posltive fluorescence . with normal
serums; to avold this disadvantage, the serums
examined muast be diluted, However, agreement ie
not obtained on the optimum content to be selected:

1/30, 1/50 for some, 1/200 for Deamcon [47, 48],

———
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! In fact, it may be difficult to know where nomn-
“gi - apecific flurrescence and specific fluorescence begin,

Moreover, and on another level, one ahould alao con~-
sider the quality proper of the antigenic treponema

preparations and of the conjugated serums which are not !
atandardized, L

Likewise, in spite of its rapidity, its sensiti~
vity and contrary to the information obtained from
certain authors [49], the majority of the authors share
the eopinion of Mac-Entegard' who feela this technique
should not be utilized as a routine serological method

_in the syphildis diagnostic laboratories [5].

At any rate, it should not lead to an abandonment of
the traditional methods, well codified, using cardio-~
lipid or Reilter antigena which have already proved theme
solves., 8Since the Nelson tesat is the only aure method,
it is the controlling factor in case of doubt,

DRenatln- - . >l

(B) Fg 0. . Infaections
(Pori- Pnoumonia-liko Organism)

. Vo must remember here only the aerologioal diag-
nosis of primitive atypical pneumonias due to a
e mycoplasm, the Eaton agent,

First let us recall that these studies by Liu et

al [50) showed that it was possible to detect through T
] immunofluorescence the Eaton microplasm at the level of

h -+ . the brenchial tree of infeocted chicken embryos.

i - From these studies, thgfgl;tiggl,gpplicationg,,pmw,Lm

- —gYugied By Cook [51] and in France by Thivolet, Sohier “i B S
. ) et al [52), are derived.

Involved is a serologiecal method of indirect
imnunofluorescence where the serum of the patient im
brought in contaot with the antigen represented by
sectione of experimentally infected chicken embryo lungs
the fixed antibodies axre then detected by a human anti-
gamma globulin conjugate.

- ———
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Among the 102 patlients with atypical pneumonia,
sxamined by Thivolet and Sohiexrs

30 had & positive sexrology for the Eaton agent at
a dilution equal toor greater tham 1/10 and negative

(Qxcopt 2) for the antigens of inrluonsn. adenovirus,
Q fever and ornithosis. i

- 1lh =




56 had a negative serology vis-a-vie the Eaton
agent.

16 had a positive serology for.one of the other
aforementioned antigens,

The diffusion this méthod should have will certaine

ly be curbed by the difficulty of preparing antigen
slides,

(c) Yizal JIpfectiong

Applications to diagnosis are still very limited.
They use the direct method: '

Liu proposed rapid diagnoais of influenza infection
by immunofluorescence of aspecific viral antigens affecting
disquamated -cells of throat washings. The percentage of
positive cases unfortunately is very small [53].

Immunofiuorescence has also been used in studying
the herpetic infection [54)] and the rapid discovery of
peliomyelitis virus in cellular eultures inoculated with
patient stools [33]. )

In rabie infection, immunofluorescence has per=~
mitted many authors [56, 57, 58] to recognize viral .
antigens in the oytoplasm of brain cells or the salivary
glands of slaughtered, dead, or experimentally inoculated
animals. This maethod is more sensitive than those which
detect the Negri bodies by histologloal coloration,

(D) Parasitology and Mvcology o T

In parasitology Goldman [%9] showed that immuno~
fluorescence may be uaed to distinguish different varie-
ties of amoebas provided drained serumns are always used.

The same author [60] hae accomplished making Toxo=
plasma gondi fluorescent (direoct method) in peritoneal
exudates of infected mice. He also detected antibodies
in man by using ar indirect inhidbition method and he diad
so with results essentially identical to those of the
so-called dye teat method [61].

Recently, Garin and Ambroise~Thomas [627], using
the indirect method, obtained results comparable to those
of the lysis test in France based on 189 serums studied,

Let us also record the applications preposed for
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detecting trypanosomes, helminths, and Trichomcenas
@ vaginalim,

In mycology, the studies were only roughed out in

i candidoses, histoplasmosis, and eryptococcosis , but the

| difficulties have already been pointed out. They consist

. of crossed reactions between pathogenie and non-pathoge-

A . nic Candida [63); on the other hand, autcfluorescence of
. wmycelium slewments is mnot one of the least obastacles.

e g T

% I e Throughout this study, it was possible to note that
I “the immmunofluorescence method, whose principle is zimple
and elegant, yields results whose interpretations is
frequently dolicate since the technique itself offers

some difficulties [64, 65, 66].

i b i e izoa i'i""i!‘. widnsbol il

While it has the advantage of immunological ‘ 3
"specificity, this method slso has its limits. The 1
community of antigens among the various bacteria is the
cause of crossod reactions and these are the cause of the 3
early difficulties, Some of these reactions observed in )
the immunoflucrescence are not always predictable by trae-. ’
ditional serology, such as, for example, the crossed
reaction between streptococcl of the groups A and C, It .
* is therefore noceasgry to investigate these reactions . [
. aystematiocally before any application of the method in

an as yet unexplored area and before any new oconjugated
sorum.

ubied

Indeed, thias difficulty can be attenuated by
"draining" the antiserum with antigens which yield these N
__orossed reactions, -An—effort-is-also being made toc use |
maximel dilution of the conjugate which still yields - ]
. speoific fluerescence (pbsexrved only for lower s$rength Lt
. levels), In spite of these precautions, it must be ngraad
i . that under some circumstances, (salmonellas,

shigellas, vibrions ) the antigen communities are so
~ extended that they foroce a renunciation from the method,
Another obstacle ia that of non-specific fluorescence.

L . These are due elther to autofluoreascence of

: certain subatances (this is particularly the case of
vegetable eubntanooa) or, what i» more bethersome, to

- the diffused background fluoreacen:e of the preparation
and to the non-specific fluoreacence of the antigen,

The latter are apparently produced by the exis~
tence of numerous "natural" antidodies in the serums
(vis~a-vis the tissue elements, bacteris and cells) and °

‘:’ _ - 16 ~
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by the tendency of the proteins of the antisorum to
attach themselves to a large variety of substances.

Raegardless of thoe mechanism, these fluorescences
make the interpretation of the results very difficult
(whooping cough, syphilis...). To eliminate them, the
following means are used: '

1., Dilution of serums;

2, Draining them with pulverized desiccated
organs (Coons);

3. Specific treatment of antigenic preparations
(formol, alkaline buffexs);

L, Maivly optimum marking.

In fact, as shown by Coons and Goldstein[67, 68,
69] the importance of these non-specific fluorescences
appears to be partly a functlon of the degrees of conju-
gation, i.e. of the number of fluorochrome molecules
attached to each antibody molecule. The flucrochrome/
globulin ratic which appears to be most suitable is
approximately 2 tec 1. A lower marking reduces the sensi~
tivity, a higher marking attenuates the specificity.

The difficulties foreseon are genexrally a source
of erroras by excess. Errore by shortage are also .
possible, for example, if a reduction in the reactivity
of the conjugated serums or of the antigen preparation
comes into play. To avoid these exrors, systematic con-
trola must be established.,

On a very technical level, some diffioculties of
the immunofluorescence method should he pointed out:

\
1, The apparatus and the fluorochromes are
relatively costly;

2, Conjugation of serums continues to be a delicate
operation, Since commercial serums are not
always excellent in quality, they are, at least,
not always standardiged;

3., Certain antigens (such as Eaton agent ) are
difficult to prepare. Although rapid, the
method which requires many manipulations
offers ounly & very low yield (particularly if
the indireot technique is involved which takes .
twice as long a4s the direct technique).
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Lastly, eye fatigue, which develops rapidly,
pravents the examination of too many slides per session,

Based on this, it is necessary to view individual
variations in appreciation of the intensity of fluores-
cence which makes the scales adopted rathexr arbitra:y.

L L Ir conclusion, immunofluorescence retains a very
_ dively interest in spite of all the difficulties just
mentioned,

. In the area of experimental research, particularly
' - dmmunclogy and virolegy, the very fruitful results
L - ———a&lroady provided by immunofluorescence will ocontinue teo
expand., oA
T e g s b Ay

Aﬁh the practical area, designed to provide a
diagnosis of infectious diseases, its applications are
still in the rough stage.

Prior to & greater diffusion of the method, it
wvould be desirable to specialize the various applications
" in well equipped- oontors whioh have perfectly standard-
ized reactants. ¢

' At the ond of this study we would like to offer
o our appraisal . by quoting Mac Entegaxt [7]:
0 - "Many opinions expressed on the role that immuno~
' ' fluorescence may play in bacteriological diagnosis seem
too optimistico. The value of the method for the rapid
jdentification of certain bacteria is indisputable, but
o the use of the fluorescent antibody technique requires
i " . no less Qualification, experience and judgment than any =
R -other basteriological method and the impression that it
e qould lead %o a.'push button' methed of diagnosis in. .
bacteriology is no doubt deceptive.," at

S

l, A. H. Coons, H, J. Creech, R, N, Jones "Immuno=
logical Properties of an Antibody Containing a Fluorescent
Group, " Prog, Sog, Exp, Bield, (N. Y.) Vol 47, 19l2,
pages 200202,

2, A H. Coons, H..J, Creesch, R. N. Jones, E,
Berliner, "The Demcnstration of Pneumococceal Antigen in
Tissves by the Use of Fluoro-cout Anﬁibody. Ja Immuned,.,
Vol 45, 1942, pages 159-170.

- 18 I-

o

Sabalish | Sinctedith Mo Nl




R AR LA

O

S

__pages 1=8. T —

e A, H. Coons, "Labelled Antigens amd Antibodies,"
Ann, Nev, Microbiol,, Vol 8, 1954, pages 333-352.

L, R, A Goldwasser, C. C. Sheppard, "Staining of
Complement and Modification of Fluorescent Antibody Pro-~

cedures," J, Immunol., Vel 80, 1958, pages 122-131,.

. R. C. Nairm, Fluorescent Protein Tracing, 1 Vol
Edinburgh and London, E. 8. Linvingstove LTD, 1$62.

6. J. L. Riggs, R. J. Seiwald, J, H. Burckalter,

'

C. M, Downs, T, G. Metclaf, "JIsothicocyanate Compounds as

Fluorescent Labeling Agents for Immuno=serum," Amer, .J.
Path,, Vol 34, 1958, pages 1081~ 1097.

7- €. S. Chadwick, M. G. Mac Entegart, R. C. Nairn,
"Fluorescent Protein Tracers a Simple Alternative to
Fluorescein," Lancet, Vol 1, 1958, pages 412-414,

8. €. G. Cochrane, "The Technique of Fluorescent
Antibodies, Applications in Microbiology and the Arthus

Pzenomenon," Apn, Ivat. Pastour, Vol 99, 1960, pages 329~
349,

9. A, Peltier and P. Burtin, "Preparation and
Utilization of Fluoreacent Antibodiesa,"™ E;gggg Mgggéggg
ef Clinira) Biological Studles, Vol VI, 19 1, page 613

10. J. A, Whitaker, H. R. Page, c. 8. Stulberg,
W. W, Zuelzer, "Rapid Identification of Enteropathogenic
‘Bscherichia Coli'! 0.127-3 8 by the Fluorescent Antibody
Teohniquo,“ A ; : 1., Vol 95, 1958

, 11, J. D. Nelson, J. A, Whitaker, "Diagnosis of
Enteropathogenic 'E. Coli' Diarrhoea by Fluorescein-

Labeled Antibodiel, ‘Ja _Pedist., Vol 57, 1960, pagos
684688,

12, F. Cohen, R. H, Page, C. 5. Stulberg, "The
‘Identification of Enteropathogenic 'E, Coli' Serotypes
in Fecal Smears," A, M, A, J, Dig, Child,, Vol 102,
1961, .pages 8§2~90.

13. B. M Thomason, W. B, cCherry, B, R. Davis, A,
Pomalea~Lebron, "Rapid Preasumptive Identifieation of
Enteropathogenic 'Escherichim Coli' in Fecal Smears by
Means of Fluorescent Antibody. Preparation and Testing
of Reagents," Bull, Wld Hlth Org,, Vol 25, 1961, pages
137=152.

PPy




e TR RS A Wy A

l4, B. M. Thomason, W, B. Cherry, A, Pomales~Lebron,
"Use of Various Types of Swabs for Collection and Preser-
vation of Fecal Specimen," Bul] .y Vol 28,
1961, pages 153-158,

15, W. B, Cherry, D. M. Thomason, A, Pomales=Lebron,
W, H, Ewing, "Rapid Presumptive Identification of Entero-
pathogenic 'Escherichia Coli' in Fec¢al Smears by Means of
Fluorescent Antibody. Field Evaluation." Bull, Wild Hith
Qrg.s Vol 25, 1961, pages 159-17z2.

16, L. Le Minor, P. J, Fournier, E. Eliachar, "Rapid.

- Detection by the Immunofluorescence Method: of Entaro-

pathogenic 'E, Coli' in Infants," Hogpitel Weekl
oL Pediatricse, Vol 38, Paris, 1962, paeo 3, 073

17. P. J. Fournier, "Diagnoses of Infantile Gastro=-
enteritis Due to Enteropathogenio Coli Bacilli by

Immunofluorescence," Thesis Paris, 1962,

180 Jc M, Muiﬁk' Js, S, LQVy. J. s@fltz&‘. Je FlOOk.
"Investigation of 'E Coli' Carriers of Infantile Gastro-
onteritus in the Fumily Environmont of Infeoted Children,"
Apnals of the Pagteur Ipatituie, Vol 103, 1962, pages

19. B. M Thomason, W. B, Cherry, P. R, BEdwardse,
"Staining Bacterial Smears with Fluorescent Antibody.
Identifioation of 'Salmonellae’ in Fecal Specimena,"

J...ﬁuh Vol 77, 1939, pages 478-486.

20, B, H., la Brec, 8. B, Formal, H. Sohneidds, "Sexro=
logiocal Identifioation of 'Shigella Floxnori' by Meanas of

R ——Fluorescent Antibody," J, BAQt,, Vol 78, 1959, pages

38“"391 o
21, R, A, PFinkelgtein, E, H. La Braeo, "Rapid

. Identification ef 'Cholersa Vibrios' with Fluorescent

Antibody," J. Bact,, Vol 78, 1959, pages 886-891.

22, P, Donaldaon, J. A, Whitaker, "Diagnosis of
'Pertusais’' by Fluorescent Antibody Btuinins of Nago=
pharyngeal Smears," A, M, A, J. Dia, Child,, Vel 99, 1960,
pages Ua3-427,

23, J. A, Whitaker, P, Donaldson, J. D, Nelson,
"Dingnonia of ‘'Pertussis' by the Fluorescent Antibody
Method," New Epgl, J. Med., Vel 263, 1960, pages 830=831,

: 0 ‘= 20 e




e e AT IR RN, LRI S o AR U R Y

]
24, P, Xendrick, G. Eldering, W. C. Eveland, "Fluor-
escent Antibody Techniques, Methods for Identification
‘:’ of 'Bordetella Pertussis'," A, M. A, DRia. Child,
Vol 101, 1961, pages 149=154,

25. J. Marie, F, Herzog, M, Gaiffe, " Rapid Diagno-
sis of Whooping Cough by the Fluoroacent Antibody
Toechuniquo (First 100 Results),' Vesok

Hesnita Annals
of Pedjatrica, Vol 39, Paris, 19631 pages 269-272,

26, J. A. Whitlker, J. D, Nelson, C, W, Fink, "The
Fluorescent Antitoxin Test for the Immediate Diagnosio of_

27. M, D, Moody, W, L. Jones, "Ident: fieation of
'Corynebacterium Diphteriae' with Fluorescent Antibacterw~
ial Reagente," J, Baot,, Vol 86, 1963, pages 285-293,

28, M. D, Moody, E. C, Ellis, E, L. Updyke, "Staine-
ing Baoterial Smears with Fluorescent Antiboedy. Grouping
Streptoocotci in Dried Smears with Fluvorescent Antibody,"
Jo Bagt,, Vol 73, 1958, pageas 553-560,

. 29, J.J, Redys, M. R, Ross, BE. X, Bormarn, "Inhibition
of Common Antigen Fluorescsnce in Grouping Stroptoogoci
by the Fluoreaocent Antibody Method," J, Bagt,, Vol 80,
1960, pages 823-829.

0 30, W, J, Peeples, D, W, Spielman, M., D, Moody,
"Field Application of Fluoxrescent Antibedy Technigue fox
Identifieation of Group A Stroptouocous," :
(Wagh,), Vol 76, 1961, pages 651-654, ey e

eahle Dieoauos," U, 8. Govs, Printin; Gffive, Washington,
1960, peges 1-7). .

32, M. D. Yolfe, G. M. Oamexon, Publ,
. Vol 17, 1959, pages 76-82,

33, 8. Halperen, P, Donaldeon, 8., BE. Sulkin,
"Identifioation of Streptococol in Baoterial Mixtures and
Clinioal Specimena with Fluorescent Antibedy," J, Bact,.,
Vol 76, 1958, pages 223-22h, '

3“. M. A, Wl.:‘fi.ld, R, H, P.‘.' W, W, Zﬂlllot‘.
0, 8, Btulberg, "Immunolluorescance in Diagnoatic Baotexiw
ology. Identification of Group A Streptoconci inm Throat

Bmears," A, M, A, J, Dig, Ghiid,, Vel 101, 1961, pages
160-165 [ ' '

a 2L -

Diphterise," Pediatrios, Vol 27, 1961, pages 214=328. . = -f

Sy

G m o | Wk by
!
| :

R oihe e vt TuTE ¢ it e




¥

R —

Al pages 2ub-alg. -

. Vcl 101, 1961, pages 13%5-159.

. tdonm of 'Noiasorin Noningitidiu' hy Fluoregcent Antibedy

. Toohnie. 8. Armed For 8d, I., Vel 11, 1960,
" pagea 1,185«1,1B

A lerie. "Identification of 'Neisasria Gonorrhoooo' by

A Ny Vol 1013959, pages 322=3a8.

) 25, M. D. Moody, A, C., Siegel, B, Pittman, C. C.
VWinter, "Fluorescent Antibody Identification of Group A

Stroptococoi from Throat Swabs," Amar. J. Publ, Hlith,
Vol 53, 1963, pages 1,083-1,092,

36. 0. H. Carter, "Staining of Coagulase Poaitive
Staphylocooci with Fluorescent Antisera," J, Bagt,, Vol....
77, 1959, pages 670-671,

37. H, Blobel, D, T. Berman, "Saorologic Studies of
Purified Staphyloooocnl Coagulagse with Special Reference

to Fluoresocence Mierencopy " gi_zmmgnggﬁ Vel 88, 1960,

98, R. H. Page, G. L, Caldroney, C, S. Stulberg,
" Tmmunofluoresvence in Diagnostic Bacteriology. Direat
Identification of 'Haemophiluas Inrluonnuo' in Smears of
Cerebro~spinal Fluid Sediments," A M, A, .

39, J. P, Metager, C,'W. Smith, "Rapid Identifioa=

9.

. ho. C. W, Smith, J., D, Marahall, W, C, Eveland,

"Identification of 'Liateria Monooyto;.noa' by tho

‘Fluoresoent Antibody Technia," [ 00, X0, Rio]
5.

y Vol 103, 1960, pages 8”2-34
41, W, B, Deacon, W, L. Peacock, B, M, Freemen,

Al

Meana of Fluorescent Antibodies,”

ba, V¥, B, Deacon, W, L, Paacock, 2. M, Freeman,
- A+ Hawris, W, L, Buneh, "Flusresoent Anesbody Toutn ror
Detection of the Gonococous in Women," Puhi L ih. R
, Vol 783, 1960, pages 123-129,

43, W, B, Deacon, V. H, Faloone, A. Harris, "A
rluorouoont Teat for Treponemal Antibodies,"
sp. Bioha (N. X.), Vol 96, 1957, peges uv-}-hgiom.

ki, L. J. Borel, P, Dur;l, "Immunofluorescence
Appliod to the Diagnoeis of Syphilis," aig;ggiglﬁ
Pathalogy (Paxdis), Vol 7, 1939, pages 2,)17=2,324,

by, J, Pillot, L, J, Borel, " Btudy of Antibodies

Reaponsible for the Immunofluorescence Reaction with the
'"Treponema Pallidum' Bystem, Berum of & Bubjeot with

IO ISR




L

Traponomatosis," &, R, Acad, Sci,, Vol 252, 1961,
pages 954-956,

46, G, L, Daguet, J, Pillot, "Antibodles Responsible
for Immunoflucrescence and Group Antiproteins in Serums
Yielding Falsely Positive Cardiolipid Reactions,” Agn%;g
of the Pasteur Tpatitute, Vol 102, 1962, pages 36 =366,

L7, J. Thivolet, D, Cherby-=Crospiron, "Study of
Fnotor- of Noanpocirity of Immurofluoreacenco Reactions"”
Annala of e, Vol 101, 1981, page Bé69,

48, W, E, Deacon, E. H, Freeman, A. Harrias, "Fluor-
¢tcent Treponsmal Antibod Toot. Modiriontion Bnnod on
Quantitative (F.T.A, 200 3 ,

Qo

' Vol 103, 1960, pages 827-829.”"”“"

49, A, Pribourg=-Blanc, G, Nlel, "Serological
Diagnosia of Syphilis by the Immunofluoreacence Tach=
nique," Maedigel Pregs, Vol 70, 1962, pages 1,875-1,877.

80. ©Ch, Liu, M, D, Eaton, "Study and Isoclation of’
Primaxy Atypioal Pneumonia Virus in Chick Embryons by
Means of Fluorescsin Labdelled Antibedy," Bagl, Prec,.,
1985, pages 61=62.

5L, M. K. Cook, R. M, Chanoock, H. H, Fox, R. J,
Husbner, B. L. Buesocher, R, T. Johnson, "Role of Eaton

Agent in Disease ¢f Lower Reaspiratory Tract, Evidence

for Infeation in Adults," Brit. Med, J., Vol 1, 1960.
pages 9503-911,

2. J. Thivolet, R, Sohier, J., P, Piocard, G. Blane,

—"Application of the Immunofluorescence Method in Immumo= ~

logical DilEnOIil of Pnoumop;thy due to the Eaton Myco=
pl‘ﬂm. L. L1 M WY L 1R 112701 N} v°1 105 ] ‘1963 1 ]
pages 7#9-75-.

83. Ch. Liu, "Rapid Dimgnosis of Human Influenza
Infeotion from Nasal Smonrl of Fluoroaoont-h&bolod Antie
rog, Sea, Exu, Bilod. (N, ¥,), Vol 92, 1956,

s4, J. 2, Blegeleisen, L. V. Scott, V. Lewis, "Rapid
Diagnosis of Herpes Simplex Virus Infectious with Fluor~
escent Antibody," Soisnce, Vol 129, 1959, pages 6L0O=~641,

550 Ml H. H.tch. s S K‘lt‘r' 0‘. w. 'AJOllo, "Ydenw
tification of Poliovirus Isolates with Fluorescent Anti-~-

;:dVo"IEfssaaﬁssa_ﬂhi“fﬁh,,ﬂw,;_,ﬁl; » Vol 107, 1961,
g®s l=4,




e

56. R. A, Goldwasser, R. E, Kissling, "Fluorescent
Antibody Stalning of Street and Fixed Rabies Virus
Antigen," c, 1, ] )} Vol 98, 1958,
pages 219-223.

57. M. Etchebarne, P. G, Bernal, G. R, Leyton,
"Purification of Rabies Antibodies in Horse Serum and
Diagnostic Importance of the Fluorescent Antibody

Technique," J, Imnupel., Vol B4, 1960, pages 6-10,

58, P. Apvastasiu, P. Lepine, P, Dragonas, “"Kinetic

- 8tudy of the Rabilc Virus in Tissue Cultures Ubing
Fluore-acnt Antibodioa and Ultrafine Sections," énng%g
he Pagteur Institute, Vol 105, 196, pages 813-824,

59, M, Goldman, "Use of Fluorescein Tagged Antibody
to Identify Culture of 'Entamoeba Histolytica' and

_ 'Entamoeba Coli'," Amer, I, Hvg,, Vol 59, 1954, pages
218~324,

60, M. Goldman, "Staining 'Toxoplasma Gondii' with
Fluorescein labelled Antibody," J, Exp, Med., Vol 105,
1957, pages 349-556,

61, M. Goldman, M. A, Gordon, R, K. Carver, "Compari=
son of Titres of Dys on Fluorescent Inhibition Tests in
Serologio Diagnosis of Toxoplaamosis," Amer. J. Clin,

. PBaih,, Vol 37, 1962; pages 541~530,

62, J. P, Garin, P. Ambroise~Thomas, "Serological
Diagnosie of Toxoplasmoais by the Fluorescent Antibody
Method (Indireat Toohniquo)." ugg;ggl_zxgﬂg Vol 71, 1963,
_ pages 2,488-2,488, :

63. M. A, Gerdon, "Difrorentiation of Yeasts by Means
of Fluerescent Antibodx Proc, Sog, Exp, Biol, (N, X
Vol 97, 1958, pages 694=69¢

64, A, H, Coona, "Antibodies and Antigens Labelled

with Fluoroaooin." Sohweiz Z, Pathol,, Vel 22,.1959,
pages 693-699,

65, A, H. Coons, "The Diugnostic Application of
Fluorescent Antibodies," Schweilz, Z, Pathel,, Vol 22,

1989, pages 700-723. :
66. E. H, Beutner, "Immunofluorescent Staining: The

Pluorescent Antibody Method," Bagt, Rev,, Vol 25, 1961,
pages L9-76, ‘

- 24 - .

Ty A NN IT N ,.:;nizli, LS

*

L

b kil Bt




S T T T AT IR

67. N. 0. MacDevitt, J, H. Peters, L. W, Pollard,

J. G. Harter, A. H. Coons, "Purification and Analysis of

Fluorescein-Labeled Antisera by Column Chromatography,"
J, JImmunol,, Vol 90, 1963, pages 634-642,

68. G, Goldstein, I, Slizys, W. C., Merrill, "Studies
on Fluorescent Antibody Staining. I. Non-specific

Fluorescence with Fluorescein Coupled Sheep Anti-Rabbit
Globulines," J, Exp., Med,, Vol 114, 1961, pages 89=110.

69. G. Goldstein, B, H. Spalding, W, .B. Hunt, Jr.,
"Studies on Fluorescent Antibody Staining. IIXI, Inhibi-
tion LY Sub-optimally Conjugated Antiboedy Globulines,"

s, Vol 111, 1962, pages 416~
21,

- 253




