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. IMMUNOF LUORESCENCE IN VENERSOLOGY

Clinique (Paris) : Fribourg~-Blanc
Clinic ‘ , : '
59:639-646, 196k

There are already numerous and regulavrly spécified applicationsa
for immunofluorescence in bactericlogical and serological diagnosis.

In venereology, this technigue can currently be applied for the
detection of gonococcus, either on sxudate smears or on cultures that
are less than 24 houre old. Acccrding to Danielsson, & very sensitive
and very epecific diagnosis can thus be obtalned which 1s superior to
the classic methods of direct esxamination and culture,

We hope that the technique will also help to facilitate the diage
nosis of viral urethritis.

The most important, widespread and best studied use of the tech-
nique ic essentially in the serological diagncsis of treponemosis,

Our understanding of syphilis has been greatly chénged in the last

ten years thanks to the mcdern specific techniques of serological diagnosis.‘

At the head of these is the test for treponema immobilization, both because
of its priority and its incomparable specificity. Immunofluorescence has

confirmed the value of this and has enabled ue to acquire more precise data.

The clinical manifestations of 3yphilis are 8o varied and extend over
such a protracted period interspersed with long totally quiescent phases -
that this disease has gradually been separated from other infectious di-
seases and made into a specialty, the study and knowledge of which must
be restricted to specialiste in the field., This attitude was reivuforced

by the special morphological aspect of thz pathogen &ad the oxisxn&lltv A

of the aerologicnl techniquco for its dntection.r
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However, we are gradually rediscovering what should never have been
forgotten, i.e. that treponemosis is an iufectiocus disease among the other
infectious diseases and that it is probably the most complete and complex
of all of them. Our modern techniques for the bactericlogical and serolo-
gical study of syphilis have enhanced not only our understanding of this
disease but have repercuassions throughout tne field of immunology.

The cardiolipidic reactions of flocculation and hemolysis should be
regarded solely as last resorts, ‘They may retasin some of their usefulnees
in current practice, but the modern specific techniques showed up too many
of their deficiencies in terms of sensitivity end specificity for them to
continue to serve as criteria of infection or reccvery from treponenosis.

. Because of its absolute specificity, the test for treponems immobiliza«
tion remains the undisputed reference resction. Its seunsitivity has been

. greatly increased by the addition of lysozyme to the remaining milieu. How-

ever, there are some inconvéniences;

b s s e Y

The relatively delayed appearance during the primary eyphilie stage
. of immobilizing antibodies, retardation of reuctiag substancea and parti-
cularly the fluorescent antibodies;

v The delicate technique charscterized by an elevated cost price which
.. 18 poorly suited for systematic detection;

The lack of standardization which necessitates comparison of the re-
sults from one technician to the other;

Finslly, & manner of expressing the resulis, wvhich was poorly selected
initially, yields a false impression of quantitative value in the simple
qualitative tect that is generally performed. Ihe level of 100% generally
considered as reflecting strongly positive results, is obtained with very
moderate serum antibody levels. The intensity ol the positive response can’
be determined only by quantitative titration on progressive serum dilutions.

Technical Review of Immunofluorescence
The method was recommended by Marrack in 193%4, taken up again by Coors

in 1942 and applied to the Alagnosis of syphilis by Dealon. It vas intro-
duced in France by Borel and Durel. This author together with Niel studied

' ' more Lhan 18,200 serum or ICR samples comparatively in the'TIT and in cardioc-

lipidic reactiona.

. Let us review tbe principle and outlines of the reaction termed ln-
direct.. If treponemus are fixed on & slide aand covered with serum contain-

| - ipg traponemic sntidbodies, these will be absorbed by the corresponding anti-

gen soleculze.. But these antibodies ave slobulins vwhich clno huvc the
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specificity of the animal species from which they are derived. Hence,

if the slide is covered again with serum from another animal species
immunized against these globulins, there will be another antibody fixa-
tion. Two successive antigen-antibody complexes are thus formed. If

the glotulins from the =econd complex were previously treated with f£luo-
rescent dye, microscopic examination with an adapted light source (an ultra-
violet ray in practice) will reveal fluorescent treponemas if *he reaction
is positive. However, there will not be any fluorescence if the serum did
not cortain specific antibodies when the reaction wae firet perforned.

Although this reaction is very attractive in terms of its principle
and technical execution, it, like the TIT, is aleo characterized by draw-
tacks. It requires reagents of a very high quality. The treponema sus-
pension of the Nichols strain, which 1s the same as that used in the im-
mobilization test, must be concentrated, pure end fresh. The human anti-
globulin immune rabbit serum must have a very high titer. The globulins
must be purified and conjugated with fluorescein isothiocyanate according
to a very precise procedure. If the conditions are not fulfilled and obe
served, the essential aspects of the reaction are lost. Unfortunately,
these conditions are not always fulfilled and many of the studies pudblished
on this topic are inadegqunte and run the risk of jeopardizing the reputa.

tion and future of the reaction. Nevertheless, these technical requirements

concern only the reagent manufascturers. It is likely that there will be
some agreement on these requirements and that the WEO wlll take an active
interest in the matter.

Nonetheless, by comparison with the TIT, immunofluorescence presents
one shortcoming, It does not have the absolute specificity. The antigenic
structures of the microbes and treponsmas are so complex, and the reaction
18 80 sensitive that if the test se:rs or “he fluorescent immunosers are not
adequately diluted, unspecific treponema antigen-antibody complexee are de-
monstrated, vhich are probably common to large groups of microbes. Hencs,
only a very limited area of nouspecificity is acceptabdle from the start.

In practice, this area of unreliability,ii of negligible importance
because the specific reactional zone is much greater., Still this is s _
theoretic deficiency which is bothersome and provides grist for the opposing
factions, '

The teclnique has remarkable advantages for the pructicing'biologiut
who has or will soon have flawless reagents at his disposal.

The method is extremely simple and rapid and is suitadble for sys-
tematic detection in current practice., It lends itself very well to
quantitative titration and the reproducibility is eatirely satisfactory.

' The results should be expressed only by quantitative valuas vhich represent

the extreme dilution of the test serum that still yields & Dositive reace

tion. . crosﬂ notations iudicating the intensity of rlnornoccncc of the
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treponemas placed in contact wih a single dilution of the serum are es-in-
adequate as they are deceptive. Sin.. we know that the nonspecificity ares
extends from the pure serum to a dilution of 1/150, ve must also realize
that the area of positivityextends from 1/150 to 1/100,000.

With regard to both immunofluorescence and the TIT, we must say that
the biologist and clinical practitioner who use these reactions only as
qualitative techniques for purposes other than detection are robbing them
of their essential utility.

The extremely broed scale of titers shows that immunofluorescence
is very sensitive and that it indicates the intensity of treponemic nmul-
tiplication, 1.e. the degree of evolution of the infectious disease., Howe
ever. itms s~ inherent and extremely valusble feature which is the early
stage at which 1t yields a positive reaction.. ‘It reveals the first per-
ceptible humoral modification during the development of syphilis and this
makes it an indispensable diagnostic aid. We shall take it up again.

Before examining the results obtained in the various stages of the
disease, we should like to state that, despite their very different tech-
nical execution, these two reaction, TIT and immunofluorescence, have ivn

- esseatial characteristics in common:

Both use the specific antigen of syphilis, the pathogenic Treponems
pellidum.

Both are microscopic reactions, i.e. they detect the formation of the
antigen-antibody complex directly at its source. Let us bear in mind that
the antigen-antibody complex is a molecular phenomenon and that there is
& greater chance for its sensitive and specific observation if 1% is seen
closct to ‘this stage. Macroscopic visuallization of the reactions of course
necer<iletes the phencmenon to reach a more elevated aeneitivity. Moreover,
the reactions may be sensitized by artifices which impeir their specilicity.

Development of Antibodies in the Course of an Untreated Treponpﬁa Infection

We can nov coherently follow the organic modifications brought about
by treponemic infection. During the incubation period, i.e. the interval
vhen the pathogen adapts to the host, there is already microbial multipli-
cation and the start of extension. As a matter of fact, vhen the primary
cutaneous lesion appears, the treponemas are slready locally wvidespread
and virulent, The viasidble ulceration folloving microbial Aevelopment re-
flects a conflict the exact nature of which ve do notinov. The treponemas
destroyed by the organism liberate their antigenic molecules which precipi-
tate the formaticn of corresponding specific satibodiee at the level of
the "immunologiallycorpetent” lymphoid cells. It is apparently the anti-
gen corresponding to the fluorescent antidody which is most resctive in
this stage. Ve have to date obse¢rved mors than one hundred uutreeted
chancres. The fluorescent antibodies gen-rally appear as of the second
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or third day, which clearly shows that the immunological process has
started before the appearance of the clinical lesion. On the eighth

day, the titers are already 900 or above, while the cardiolipidic re-
actions are stiil negative and doubiful and the TIT with lysozyme Just
begineg to show positive traces. We recently had occasion to follow the
development of the disease very closely in a subjJect who was suspected

to have been contaminated on & certain date, While the patient was to=""
tally negative on the ninth day after contamination, immunofluorescence
was at 100 the third dey and at 300 on the sixth without any clinical le-’
sion., On the 20th day, when the immunofluorescence titer was 450, there
appeared a small ulceration in which microscopic examination demonstrated
the presence of treponenas.

After the completion of the primary period and during the florid
secondary period, all the reacticns are obviously very positive, showing
high titers which increase constantly. At this stage, the specific tests
are not of any great diagnosvic importance. Nevertheless, it is necessary
to know the exact titers before or at the start of therapy because they
constitute a standard of reference for the effectiveness of the treatment

~and the evolution of the treponemosis.

Hence, it is a strict rule for the ¢linical practitioner that even
if the clinical or bacteriological diagnosis is a formality and there is
every reason to suppose that the reactions will be negative, they are in-
dispensable because they serve as a prognostic element and therapeutic
guide,

‘The fluorescent antibodies precede the immobilizing ones during
the entire primary and secondary period. The gap between the titers of
the tvo reactions is an excellent indication of the proximity of ccntamie
nation. Titers are betwveen 12,000 end 36,000 for IF at the end of tha
eruptive period, and between 500 and 1000 for TIT. '

Latent syphilis. We then see the sportaneous disappearance of the
secondary lesione, in the same vay that the chancre subsided alone and
the trejonemosis enters its phase of clinicel latency. The immunofluo-
rescence tests stop rising and slovly drop, vwhile the immobilizing antie

bodies continue to increa~e for some time befors they,too, reach a coilinz’

snd slovly decrasse,

This lateat pericd is amezingly quiet and studble ia the vast unao- :
rity of the cases, ard the suhbject may live and die without anyore sua-
pecting that he has the microbial 1ntoct1on.

Lat us conuidtr the bioiogical mechanism of this equilibrium, Ve
have observed that biological defenses appear from the onset of treponemic
multipiication. It i» very likely that the tissue defenses which ve can-
not detect are aloo organited and are partially xcuponliblc for the spode
taneous cuboidcuco of the chnacrc‘
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The antibodies revealed by immunofluorescence are not treponemicidal

= in vitro, nor do they appear to be in vivo, and the real humoral defense
18 organized solely with the immobilizing antibodies. Prior to their asppear=
ance, the trcponemus £ind an excellent culture medium in the lymph and ex-
tracellular fluid and develop almost freely., They diffuse throughout the : -,
organism after crossing the ganglionic barrier. We must be aware of.this 3
general dissemination period. It is not only the mucosa ond ekin which are 1
affected. Desplte the moderate nature of the clinical manifestations, carze-
ful examination sometimes reveals subicterus, moderate albuminuria, & menin- f
geal reaction and arthralgia, which reflect this diffusion. :

Iatent Treponemic Forms

At this stage, the immodbilizing antibodies increase and their acticn
“stops treponemic multiplication. We now see a very remarkable metabolic
alteraticn of the treponemas. While the majority is killed and eliminated,
a certain number of pathogens adapts and resists. These are the latent tre- '
ponemic forms with retarded processes., They losé most of their pathogenic ° ’
and extending pover, as though in a state of "hibernation", and along with
thie lose their sensitivity to antibodies and therapeutic agerts.

_ Ve can assume the existence of these latent form: on the basis of
clinical determination of delayed treponémic flare-ups and the persistence
of elevated specific antibody titers in treated or untreated subdecta who
" were contaminated a long time ago.

We obuined & preliminary in vitro teot of this by demonstrating that,
f . {f the sumival conditious of the treponemas are modified by an inadequate

. medium, traces of oxygen or an unfavorable tempersture, the surviving tre- . |
ponemas vill show remarkeble resistance to doses of mtibodin or penicillin S |
which are no..muy treponemicidal, '

! R katcriolngical proof vae obmnod by CQJ.urt et al. Thece inves-

! . tigstors found morphologically indisputavle treponazas in the ganglia of

; ' “humans or animals vith syphilis that had Mn trutod tor ymn vith llx'gt
aocu of bismuth or penicillin, o

We pust therefore be t\mn of the mpenuvc necessity for repid ac.

tion vhen the firot therapy is administered. -Syphilis should de considered '

. among the medicel) emergencies, If thsrapy is aterted before the sppesrance
of the resistant treponemic forms, c¢linical and serological recovery is as-
sured., If this i» pot the case, the irflasmatery lesiony vill be healed i
but the latent infection vill persist snd tbe serologicsl future of the aub- ' ]
Ject will 2 ) cmu:nrind by & pn-pttusuy pouuvo rmuon.

Delayed Gliniccl_)anirn_uuom 4
‘l_'h: :wciﬂe serological techniques have mede it poutbiq to dis-
, 6. 3
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tinguish between two fundamentally different types of delayed clinical
manifestaiions: the treponemic recurrences and the cicatricial or tissue
sensitization factors. This distinction is essential because it gerves
as a gulde for therapeutic management. -

Local Treponemic Recurrences

These are actually very rare and have become almost exceptionsin our
country. They are localized elmost exclusively in the reuraxis. They are
reflected biologically by extremely high antibody titers. These are the
highest ever encountered, reaching 5 to 20,000 in the TiIT and 30 to 100,000
in the TF. We shall take up subseguently the value of examining the cerebro-
spinal fluid in these ceses. These cases are easily explair.d biologically.

. The treponemic antibodies roquire the action of complement, which is normally

present in very small amounts in human serum. It may be eatirely absent

in the localized foci where the virnlent trepcnemas ma, multiply, but from
which they cannot diffuse freely. The antigenic attraction is therefore
considerable and the secreting cells of the antibodies, which have been
sensitized for years, react violently, which is the reason fur the extremely
high titers of specific antibodies. It iz an irrefutable law for ue that
there can be no treponemic recurreace with low mntibody titars.

Delayed Cicatricial Manifestations

This topic represents vune of the strongest disagreements between
the clinical practitioner nud the blologilst. Patients contaminated a
long time ago often exhibii minor visceral disorders termed fixed tebes,
aurtitis, keratitls or arreflexia, etc., and ve sve asked for confirmation .
of treponemic development, Fcvever, the antibody titers seen (n these pa-
tients ere generally modarsts and do not differ from those geen in the
course of latent treponemosis. Or “hey may 2ven be very lov, i.e. they

~ fluctuate between 10 and 500 for the TIT and betwess 450 and 4000 for im- -

munof luorescence. K

~ In our opinion, thest delsysd manifeststions sre not due to trepones.
wic develojment but to cicatricial processer in ceriain vieceral foci, which:

have been organized during she primary-secondary florid period. We sre
beginning . to . recognize seécondary machanisme vhich sppear {n the vake of
various acute diseasas, ‘ané Whish ere chéranterized by the formatic- of
&uto-antigen-auto-sutidody camplexes. In the cicetricisl foci, the nec-
formatior proteins act lide foreign proteins and, if they are mobilized,
precipitate she secretion of antibodiee which will cresie a patholiogic
conflict. We must bear in mind that the nction of an autibody (s not ne-
cessarily vensficisl. To all the lofecifcus dieeases, ve still dc not
ooV vhat elements are due to ¢iract microbial sgyivssioa and vhat ele-
ments Sru the rasult of. asccndary reactions csused by celuler va.tes
produced by the pathigen o inflamestory reaction, The futurs vill
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clarify this difficult problem. However, : - current investigation methods
for these complexes are too rudimentary.

It is useless to mention the inadequcy of the cerdiolipidic reactions
in the stages of seroiogically asymptomatis syphilis and in the delayed
manifestations. The reactions are generally either negative or dissociated
or fluctuating and yleld very low titers. However, they may at times also
be excessively positive and associated with very moderate specific antibody
titers. In this case, they protably reflect undetectable tissue sengiti~
zation. Despite efforts to discover common antigenic structures between
the treponems and cardiolipine, we must admit that it is much more reason~
able to consider extract of-beef heart as an antigen that is closer to tis- -
sue structures than to the microbial ones.

Development of Antibodiea in the Course of Treated Syphilis

- While the effect. of treatment, which is now reduced to penici)lin

vith faver coatraindications, is always spectacular on the clinical lo- Q-f

sions, this is not the case in terms of the evolution of antibodies ac-
cording to the date of onset.

So long as . the latent forms have not developed, complete serological
recovery mey be expected, But if these forums have become established in
their ganglionic or visceral locations, negativization can ao longer be
expectea. The increase of the titers is always checked and thie aspect
of “"photography" of the initial titers which is found almoat systematicsliy
unchanged for years and yeers is very striking. We have used the TIT for
eight years und immunofluorescence tor three in f£ollowing neveral hundred
patients vith latent treponemosis, whure the titere are smazingly atable
- deapite the most {ntensive therapy.

~Nevertheless, during latent recurrences and cases of latent trepone«
: mia with high titers, we cen end must axpect to obtain st least a slight
- drop in titers, making them recede to the levels that are normal for fixed

“tregnaamnaia; 1.4, below [fusbers 1llegidle/ for the TIT and 8000 for the IP.

R ,}‘uaa as 1% is s matter of great dsiicmey to uuum Y pxache DAY~
RO sin hm«n the titers for develomment end crmplate intency, 1t is squally
Calffieult to ik, cn the other pule, the dordérline with the ruidml sati-

L :wm deriving solely from the huocrel balace.

R pwaﬂlca ir not of grest practicalrimgortance, ?ﬁe ﬁlinic;l

C ',mtisiwr must knov that there is little channe for schieving negativa

. fiufings in three subjects, but be suat also Xuov that trepoemic Slsre-
-upe 40 Dot uccur 1a patients who are suparviesd and m rwam 3”:1.21' A

- wwm nt vmms.nzn st hna iamﬂ:
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Congenitsal Syphilis

Our knowledge of congenital syphilis has benefitted remarkably from
modern specific techniques. The condition breaks down into two fundamentally
different factors. ’

The fetus is either not contaminated ia utero by the maternal trepone-
mas. JIn this case, at birth his serum wiil contain the same antibody levels,
transmitted passively, as the maternal serum. They will disappear entirely
within three to six months without any treatment.

Or the fetus is contamipated in utero or during the delivery by the
maternal treponemas. The infant's treponemosis will then tske on very dif-
ferent elements vhich are governed by the virulence of the maternal trepo-
nemas. '

Immune systems do not appear in the infant before the sixth month.
It is therefore understandable that, since he has no defense against the
treponemic infection, the ev “ution of the condition depends on the state
of virulence or latency r .ae treponenas, i.e. on the phase of the maternal
syphilis. If the mother was contaminated shortly prior to the birth without
yet baving developed antibodies, the ireponemosis in the infant will be se-.
vere and fatal if the diagnosis ls not established rapidly. On the other
band, if the mother was contaminated at the start of her pregnancy, the in-

.fant's treponemas wil) alresdy be in a iatent nonvirulent form and the ma-

ternal antibodies, vhich are transritted passively, will assure an interval
of protcation until the child develops its own protective antibodies.

There are of course many 1ntermndiateAstAtca betveen these tvo extrems
forns. The study of hereditary syphilis confirms very vell the exisience
of these tvo treponemic forms, the virulest snd the latest.
Reinfections

Wodern teclmiquu also permit us to ugnxrc Rore specific knovledge

ih the ares of reiufection. Antibodies classically assure protection against

recoataninstion. Neveriheless, ve observed taree indisputeble cases of re-

{nfection in subjects vho still showed positive results in the TIT and IF.

Two of these had rathe: elevated rew ings st 300 and 1350. It should be
ooted thet in tbese three cades (b3 nev chancre did aot :xhib!.t any .pcul
cheracteristics,

ivcn 1f the subject vas previously entirely negative, ﬁn re-elavation
Of specific antibodics is oxiremely rapid mod ilutense in all casos of re-
coutamination. This is the claueic fluid r«wm.




Specific Antibodies in the Cerebrospinal Fluid

Detertion yields very useful information. It is generally considered

that the antibodies conteined in the cerebrospinsl fluid come frum the serum
by way of a brcax in the meningeal barrier and werely refleci the alteration’

of this memtrane. We think this expldirnation is wrong for tvo reasons:

Antibodies are gammsa globulins. They are therefore the most volu-
minous of a1l the serum protein mdecules. Siwce there can be no questicn
of elective permeadbility of the rmeninoges, antibody levels in the €52 would
e.g. reach ten times those in the serum and wculd have to be accompanied
by albuminorachia close to 10 g,'l This is obviousliy absurd. Ou the cther
bhand, ia certain very rare but indisputable cases of neuraxic treponemcsis,
the levels of immodllizing or fluorescent antibodies in the cerebrospinal

Juid are extreneiy high, close to those ir the serum. Tn one case, we
even fowyd them to be higher. We see this as proof of the presence of

~ cells whick secrete antibodies in the interior of the neuraxis and we be-

lieve that the coafirmation of specific antitodlies in the cerebrospinal
£iuid indicates the presence of local foci of virulent or lstent trepone=-
58,

Let us say further that it is Lmposzitle to see positive reactions

~ in the cerebrospinal fluid and negstive ones in the serum and that the

detection of local sntibodies should be limited to the search for cere-
bral complications from trepouemosis thet has been diagnosed.

fonclusions

4 Thanks to the introduction of modern specific techniques, owrknow-

' ledge of syphilis has made great progress during the list “en years.

Progress in the bacteriological and 1mqnological understanding
of the development of trepouemosis has eﬁdblod—-u&mmke At the pilot
nicrobial 1nfeetion in the study of all infectious processes.

Progress in tbe diacrmina‘rion of clinical mapifestations has mede

A it possible to differentiate those which are direcily due to treponemosis

useless during the latent phases of the dlsease. = -,

and those caused by secondary tlssue processes where tae treponema is
nerely an irritative factor.

Progress in therapy has made it possible to act more rapidly and
effectively, and on the other hand, to limit treatment that is often
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