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SYNOPSIS

In this general review of the serology of the treponematoses and
of syphilis in particular, the authors first consider recent technical
improvements in the materials used by serological laboratories and
in the tests they perform. Special stress is laid on the new tests
using treponemal antigens; but it is pointed out that the more
commonly used tests should not be discarded in routine testing,
the particular value of the newer tests residing in their use on
doubtful sera.

Mass blood testing-whether as a result of legal requirement
and regulation or in the routine testing of patients and industrial
workers-is extremely valuable where there is much syphilis among
the population tested but becomes very costly when the number of
positive reactors found is small.

In a section on the clinical implications of serological findings,
the authors deal with the problems presented by seropositive
pregnant women and newborn children, with quantitative serological
tests for syphilis, with the serological response in penicillin-treated
syphilis, and with the serology of asymptomatic reinfection and
serorelapse.

Introduction

In their recent publication on the treponematoses, Guthe & Willcox 8
have pointed out that despite the medical, technical, social, and economic
advances of the past century, syphilis, yaws, and pinta represent a group
of infections which continue to afflict a large proportion of the world
population.

The disease name " treponematosis " was first introduced into the
English medical literature by Butler & Peterson 12 in 1927. Hudson,45 in
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his monograph, presents the view that treponematosis is a universally
distributed infection caused by Treponema, a genus with one single species,
pallidum. There are many facets of the serology and bacteriology of the
so-called treponemal infections (syphilis, yaws, and pinta) which sup-
port Hudson's view. It is agreed by all investigators that this group
has a common factor, namely, a treponemal etiology. Some authorities
believe that there are different races and species of treponemes, causing
different diseases, while others agree with Hudson that there is only one
species of treponeme but that the disease has produced different clinical
syndromes under the effect of climate, race, habits, diet, and other environ-
mental factors.

All treponemal infections eventually produce positive serological reac-
tions as measured by the various serodiagnostic procedures.0 With the
advent of the more purified antigens using cardiolipin, it was hoped that
it would be possible to differentiate syphilis from the other treponematoses.
It was soon found that this was not possible, and that as a general rule a
greater frequency of positivity was obtained in all treponemal diseases with
the cardiolipin antigens than with the cruder lipoidal antigens because of
the increased sensitivity of the former.
A few general statements regarding the differences in the serological

patterns obtained in the various treponemal diseases may be valuable here.
During a study of pinta in Mexico,104 many zone reactions to the sero-

logical tests were observed. Such zone reactions 96 are occasionally encoun-
tered in syphilis and somewhat more frequently in yaws,26a. 59a but they
appear to be considerably more frequent in pinta. It is interesting to note
that, in the material compared in this study, some pinta and yaws sera with
relatively low titres gave zone reactions while others with much higher
titres did not. It was also observed that the serological response after
adequate penicillin treatment was much slower in pinta patients than in
persons with syphilis and somewhat slower than in those with yaws, although
all the patients compared had received similar or identical treatment. The
slowness of serological response is probably a direct reflection of the dura-
tion of the disease; the majority of the pinta patients had had the disease
for many years before treatment.

There have been several publications dealing with the serological reac-
tions of patients in the various stages of pinta.6 59 89, 115 It is generally
agreed that positive serological reactions develop more slowly in early pinta
and yaws than in early syphilis. According to Marquez and co-authors,66
the serological tests begin to show positive reactions from two to four
months after the onset of the disease and independently of the stage of
disease. Once these tests have become positive, they show a progressive
increase in serological titre. The highest titres are obtained in the inter-

a " Specific " serological reactions have now been defined in terms of the treponematoses as a whole
rather than in terms of syphilis alone, as was formerly the case."56
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mediate type of late case, where it is not uncommon to find titres of 1024 dils
or more. In the primary stage approximately 80% of the patients studied by
these workers gave positive reactions, and in the secondary stage, 97 %.

Various special laboratory procedures have been devised in the hope of
being able to differentiate syphilis from non-syphilitic conditions and from
the other treponemal diseases. Among these are the Hecht verification
test,40-42 the Wassermann confirmation test,128' 129 the Witebsky confirma-
tion test,133, 134 the various Kahn verification tests,16 47-50 spirochaetal
antigen complement-fixation tests,15'27, 43,44,57, 72, 90, 91 the Rein-Pillemer
inhibition test, and the Neurath euglobulin-inhibition procedure.79 Their
value in distinguishing between a syphilitic and a non-syphilitic serological
reaction is, however, questionable.

Portnoy, Edmundson & Olansky 92 devised a simple procedure for the
differentiation of syphilitic and non-syphilitic reactions obtained in sero-
logical tests for syphilis with leprosy sera. With antigen suspensions con-
taining choline chloride, sera of syphilitic patients (with or without leprosy)
show an increase in sero-activity; non-syphilitic reactive leprosy sera show
a decrease in reactivity. This differential procedure compares favourably
with the Treponema pallidum immobilization (TPI) test in leprosy patients
with or without clinical or historical evidence of syphilis (see page 198, para-
graph 2).

It is generally agreed that the serological laboratory can and should play
an important role in the management of syphilis and the other treponemal
diseases throughout the world. The decisions as to when routine serological
testing should be performed, which serological procedure should be
employed, and the frequency and duration of post-treatment serological
examinations will depend on many factors, which include adequacy of
laboratory facilities, availability of trained personnel, climate, geography,
customs, co-operation of local and international health authorities, and
many other conditions which may vary in different parts of the world.
Unfortunately, the facilities for satisfactory serodiagnosis are least adequate
in those areas of the world where the prevalence rates of syphilis and other
treponematoses are highest.

Physicians have often been confronted with the problem of how to
evaluate or interpret serological reports obtained from the laboratory in
determining the presence or absence of a treponemal infection. All phy-
sicians have probably had patients with clinical syphilis in whom the
routine serological tests gave negative reactions, as well as non-infected
patients with unexplained positive serological reactions. Such discrepancies
are to be expected, since it is well known that there are no " specific " tests
for syphilis (or the other treponemal diseases), with the possible exception
of the newer tests employing specific treponemal antigens prepared from
Nichols's pathogenic T. pallidum strain. When Neisser, Wassermann &
Bruck 73 developed their serological test for syphilis half a century ago,
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they felt that they had devised a specific and sensitive laboratory pro-
cedure for the diagnosis of syphilis. They considered their test specific
because they employed a saline extract of syphilitic liver for the antigen.
They thought the test was adequately sensitive since positive reactions were
obtained with the sera of many individuals with active clinical syphilis.
It was soon discovered, however, not only that these antigens were non-
specific, but also that alcoholic lipoid extracts obtained from normal tissue
were more " specific" and more sensitive than the aqueous extracts of
infected tissues.

It has become increasingly apparent that there must be close co-operation
between the serologist and the clinician if the patient with a treponemal
disease is to obtain the greatest benefit in diagnosis and therapy. The
serologist should be encouraged to increase the sensitivity and improve the
" specificity" of his serological procedure. For this purpose, he should
depend on clinicians well trained in the field of syphilis to evaluate his test.
It is not the purpose of the serologist performing the standard tests for
syphilis to make a diagnosis of a treponemal disease, but rather to determine
whether or not a particular patient is a serological reactor. The physician
should determine by all clinical and laboratory procedures available to him
whether the positive serological reactions indicate a treponemal infection
or are due to non-treponemal diseases. Since certain individuals with
syphilis have negative reactions and other presumably non-syphilitic
individuals may develop positive serological reactions, the clinician who
depends entirely on the report received from the laboratory may make
serious errors of ommission and commission. It cannot be emphasized too
strongly that the original diagnosis of syphilis and the final evaluation of
the patient's post-treatment status depend upon close co-operation between
the laboratory and the clinician.

- The combined efforts of research-minded serologists, chemists, immuno-
logists, and clinicians have done much to improve the procedures employed
today in the serodiagnosis of treponematosis. The following is a brief
description of some of the improvements made in laboratory techniques
and in materials employed in serological tests for syphilis, among the
treponematoses syphilis being by far the most thoroughly studied disease.
The bulk of the experience obtained in this disease may with some few
reservations be transmitted to the serology of the other treponematoses.

Recent Technical Improvements
Collecting tubes

The use of wet syringes and non-sterile test-tubes in the collection and
shipment of blood specimens in the past rendered many of them unsatis-
factory for serological testing. The development of relatively inexpensive,
dry, clean vacuum tubes for the collection and mailing of blood specimens
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from the field to distant laboratories has done a great deal to decrease the
number of unsatisfactory specimens received by the serologist. Sterility is
not an absolute necessity when clotted specimens are shipped, since the
clot may exert a bacteriostatic effect on the serum. It is important, however,
that the collecting and mailing tubes should be clean and dry.

Serum preservatives

In warm climates, clotted specimens become haemolysed and may
therefore become unsatisfactory for testing. It is frequently necessary to
ship serum specimens to distant laboratories, and it is sometimes difficult
and often impossible to ensure sterility in the collection and preparation
of the serum. During the several days required for the specimens to reach
the central laboratory, they become markedly contaminated and unsatis-
factory for testing. It was necessary to find a suitable substance which would
prevent contamination and still not interfere with serological testing.
Merthiolate, or thiomersal (sodium ethylmercurithiosalicylate), was found
to be an excellent bacteriostatic and bactericidal agent for the preservation
of serum.98 During the past few years, the Division of Serology of the
United States Army Medical School has been using only 0.2 mg of
Merthiolate per ml of serum. At temperatures below zero blood specimens
tend to haemolyse; for this reason the shipment of serum (inactivated or
merthiolated) is recommended. Merthiolate is of value in the shipment of
sera from distant places to a central laboratory for serological testing, as
well as for the preparation of positive control sera for evaluating the per-
formance of serological tests for syphilis in various types of laboratory.99
Another method for the preservation of a positive control serum is the
freeze-drying procedure (lyophilization) as described by Flosdorf& Mudd 3'
or modifications of this method.14' 36, 136

Antigens
Considerable progress has been made in the improvement of the various

lipoidal antigens. The isolation by Pangborn 84-88 of the substance cardio-
lipin from beef heart and the development of methods for the purification
of lecithin prepared from either beef heart or egg yolk 32" 126 have contributed
considerably to improving the serodiagnosis of syphilis in recent years.
Numerous investigators have described the preparation of cardiolipin
antigens for use in the various complement-fixation, macroflocculation, and
microflocculation tests.'0' 37, 38, 54, 65, 94 97 For the most part, the tests
using cardiolipin antigens are more sensitive than the similar tests using
the cruder lipoidal antigens. This increased sensitivity is obtained without
any apparent increase in non-specificity.

Recently, the isolation of sitolipin 28, 100, 117, 123-125 from wheat germ
has shown that lipid extracts satisfactory for use in the serological tests
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for syphilis can be obtained from a vegetable source. Active substances
have also been obtained from soya beans 63, 117 and many other vegetables.28

The latest advance in the preparation of antigens is the introduction
of synthetic lecithin by Baer.3' 4 The earlier preparations were not
satisfactory,29 5 especially in their sensitivity and keeping qualities; but
evidence is now accumulating that one of the most recent products, the
crystalline, saturated, l-a-dimyristoyl lecithin, may replace the natural
lecithins.30' 56, 105, 105a Attempts have also been made to produce antigens
in which synthetic phosphatides replace cardiolipin.7, 122

It is generally agreed that it is preferable to adhere to constant formulas
for the composition of antigens to be used in daily routine. Recent experi-
ments, however, have shown that special antigen formulas can be useful
in distinguishing between specific syphilis reactions and biologically false
positive ones. One example is to be found in Ogata's agglutination experi-
ments reported at the Sixth International Congress of Microbiology in
1953.82, 83 Ogata found that syphilitic sera gave an optimum reaction when
the cardiolipin: lecithin ratio was 1: 10, whereas sera from leprosy patients
reacted best at a ratio of 1 :1.

Another example of varied antigen composition is an antigen containing
only cardiolipin and cholesterol, in the proportion 1 :17. Lundback6l
found that sera from patients with primary syphilis reacted more strongly
to this antigen than to the ordinary antigen. Schmidt,"' using this " incom-
plete" antigen in biologically false positive sera, found it less specific than
the usual antigen; in specific sera from old cases of syphilis this antigen
proved less sensitive as well.

Recently, the use of treponemal antigens produced from the non-
pathogenic Reiter strain has been gaining favour, especially since the
isolation of thermostable and thermolabile antigens by d'Alessandro and
co-authors 23and the preparation of ultrasonically treated Reiter suspensions
by Fuhner.22' 33

Treponemal antigens produced from pathogenic strains are dealt with
on page 203.

Preserved sheep blood

One of the difficulties encountered with the complement-fixation tests
is that of obtaining satisfactory sheep blood. The smaller hospital labora-
tories with no facilities for raising sheep have to obtain their supply from
the slaughter-house. The red-blood-cell suspensions prepared from such
sheep blood often prove unsatisfactory. A preservation technique for
maintaining uniformity in the properties of sheep cells would be a great
laboratory convenience. It would be advantageous to employ preserving
fluids which would maintain the properties of sheep blood over long periods
and particularly during transport. Quantitative studies 11, 18, 19, 109,116
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indicate that aseptic collection of sheep blood in modified Alsever's solution
at ordinary temperatures and subsequent refrigeration at 40C permit the
preservation of the blood for several months without the development of
appreciable haemolysis or change in susceptibility to lysis by guinea-pig
complement and rabbit amboceptor. Blood collected in this fashion has
been used for the past eight years in many laboratories with excellent results.

Standardization of serological methods
The success or failure of treponematoses-control programmes will often

depend on the efficacy in the performance of laboratory procedures. As
has been pointed out by Cutler,20 the control serological laboratory of any
community is closely connected with almost every phase of treponemal
disease control: (a) case-finding, through its facilities for examining large
numbers of specimens obtained in mass blood-testing projects and directing
the seropositive reactors to the proper public health authorities or to
private physicians for clinical evaluation; (b) treatment, since the diagnosis
and post-treatment status of the patient depend, in part, on the results of
the laboratory examination; (c) research, because the laboratory's facilities
may be utilized in developing new or improving on existing serodiagnostic
procedures as well as evaluating the serological response to new antibiotic
drugs; and (d) training, since the laboratory with a large serological load
has facilities for demonstrating and teaching serodiagnostic procedures.

In the USA improvement in serological testing has been accomplished
by a co-operative evaluation of test performances in State and local labo-
ratories. This programme was started almost twenty years ago under the
joint sponsorship of the American Society of Clinical Pathologists and the
United States Public Health Service. During the early years an attempt
was made to evaluate the sensitivity and specificity of serodiagnostic
procedures as carried out by the author-serologists. At present, all 48 States
participate in the annual serological survey. Blood specimens from infected
and non-infected donors are sent to the participating laboratories as well
as to the author-serologists, who serve as controls for their particular test
procedures. The results obtained by the State laboratory are compared
with the control performance. Following the evaluation of their test
performances, some 40 out of 53 States or territories carry out similar
serological evaluations of test performance in laboratories within their
jurisdiction. Each State programme covers from 5 to 650 laboratories
-4200 laboratories in all. In one year, 14 State laboratories submit
from 10 to 25 specimens to each local laboratory, 10 submit from
40 to 96 specimens, and 16 submit 100 specimens or more. In 30 of
these 40 States or territories, these programmes have been carried out for
more than 10 years.

In the United States Army, repeated serological surveys of Army
Command laboratories have brought about a vast improvement in test

2
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performance, not only in their own laboratories, but also in smaller labo-
ratories under their supervision.

One of the aims of the World Health Organization has been the stan-
dardization of serological methods and reagents, and to accomplish this a
WHO International Serological Reference Laboratory was established at
the Statens Seruminstitut in Copenhagen; recently, an additional WHO
Reference Centre has been set up in the Venereal Disease Research Labo-
ratory, Chamblee, Ga., USA. About 15 000 ampoules of altogether
58 freeze-dried sera-both specific and non-specific-have been collected,
and it is intended to have these tested by laboratories in various parts of
the world in order to compare the value of the different techniques used.

The thermostability of these sera has been studied by a limited number
of laboratories in different countries, and the stability of the specific sera
has been confirmed. Non-specific sera have been similarly tested, but the
results have not yet been statistically evaluated.

In addition, standardization of methods has also been accomplished by
the international inter-laboratory exchange ofspecimens in order to determine
the effect of mailing over long distances for relatively long periods of time
on the stability of sera. The results of these studies are described by
I. N. 0. Price in another article in this Bulletin (see page 317).

In recent years, the isolation of cardiolipin and the development of
methods for purification of lecithin from beef heart and egg yolk has made
it feasible to standardize antigens. The more sensitive and specific cardio-
lipin-lecithin-cholesterol antigen mixtures have largely replaced the relatively
uncertain and impure lipoidal extract antigens. In 1951, Provisional Inter-
national Reference Preparations of cardiolipin and of lecithins were estab-
lished by the WHO Expert Committee on Biological Standardization, and
in 1953 these were replaced by International Reference Preparations.
National laboratories the world over may obtain samples of these reference
preparations from the Department of Biological Standardization of the
Statens Seruminstitut, Copenhagen, so that they may compare the reactivity
of the nationally produced cardiolipin and lecithins.

Work is under way to select sera to be established as international
reference preparations for syphilis sera. This is being done in co-operation
between the WHO Expert Committee on Biological Standardization and
the Subcommittee on Serology and Laboratory Aspects of the WHO
Expert Committee on Venereal Diseases and Treponematoses.

Another attempt in the standardization of serological methods was made
by the co-operative study group of the Treponema pallidumn immobilization
(TPI) test under the auspices of WHO.a

From the above brief discussion, it can be seen that much is being done
on an international, national, and local level to standardize serological

a See the article by H. A. Nielsen & A. Reyn on page 263.
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methods and reagents. It has been most gratifying to all those participating
in these co-operative efforts to note the universal improvement in serological
test performances.

Spectrophotometer
Accurate standardization of the haemolytic system in the complement-

fixation tests has become of paramount importance for maintaining a
constant level of sensitivity. To this end the spectrophotometer has been
used 51 not only for quantitative titration of complement and amboceptor,
and for the standardization of sheep-cell suspensions, but also for the final
readings of the tests themselves in special experiments.

Amboceptor
The preparation of anti-sheep amboceptor without causing rabbit shock

has also proved advantageous to laboratories performing complement-
fixation tests. The chief difficulty in preparing amboceptor has been the
heavy loss of rabbits from shock, particularly following the injection of
the second dose of cells. Further, when whole cells are employed, the
resulting amboceptor may contain relatively large amounts of agglutinogens
or precipitins, rendering it unsatisfactory for use. A method has been
developed utilizing the cell stroma instead of the packed washed cells.'07
The stroma is prepared by specifically haemolysing washed sheep cells
with amboceptor and complement. Satisfactory amboceptor has been
produced in about ten days, and the titres are higher than those usually
obtained by other methods.

More recently the US Department of Health, Education, and Welfare
has recommended another method in which intracutaneous injections of
whole blood and intravenous injections of washed cells are combined.23a, 124a

Complement
Most small laboratories do not have facilities for maintaining their own

colony of guinea-pigs, which are necessary for their supply of complement.
Freeze-dried or lyophilized guinea-pig serum has been used in various
types of complement-fixation tests with excellent results. Dried guinea-pig
complement should meet the following requirements:

(a) Titre: the exact haemolytic unit should be contained in no more
than 0.45 ml of a 1: 30 dilution when titrated by the Kolmer method.

(b) Moisture content: should not exceed 1 % by weight.
(c) Haemoglobin content: should be minimal.
(d) Source of guinea-pigs: the serum should be obtained from normal

healthy guinea-pigs which have never been used for any other purpose.
(e) Preserving fluid: supplied with the dried products, should contain

6% sodium acetate and 22% boric acid.
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Serum controls

A positive and a negative serum control should be included every time
serological examinations are made. This helps to ensure the sensitivity
and specificity of the test employed and tends to minimize the occurrence
of technical errors. Unfortunately, many laboratories select strongly
reactive sera for their positive controls. Such controls are unsatis-
factory for detecting a decrease or increase in the sensitivity of a serological
procedure, for if the sensitivity has been reduced by 50% or increased by
more than that figure, a strongly reactive serum might still give a four-plus
reaction. The use of partially reactive sera would more readily detect a
change in sensitivity due to technical error or to deterioration of materials
employed. If strongly reactive sera are utilized, they should be subjected
to serial dilutions and the test performed on each dilution. A reduction
or increase in titre would indicate a change in sensitivity. The routine use
of quantitative control sera or of partially reactive sera for qualitative
controls is of the utmost importance in controlling the sensitivity level of a
serological procedure.

There have been many other technical improvements, but only a few
more will be mentioned here:

(a) Use of recalcified plasma 5 and heparinized plasma 103 instead of
sera for serological testing.

(b) Use of the 500% haemolytic unit 127 instead of the 100% end-point
of haemolysis in determining the degree of fixation of complement by
specific antigen-antibody complex.

(c) Development of a cloud dispersion test 114 to measure the suitability
of various lecithin preparations for use in serodiagnostic tests for syphilis.
The evaluation of cardiolipin antigens by means of nephelometry has also
been suggested.3sa, 39b

(d) Introduction of new wetting agents for the proper washing of glass-
ware. Because many of the commercially available detergents are adsorbed
on glass, it is recommended that the effect of new wetting agents be tested
before use. It is very difficult to free the glass completely from all traces of
these substances, some of which act haemolytically, others protecting
against haemolysis. The detergent Vel, which is a very active washing
powder, has a haemolytic effect in the concentration 1: 64 000.8, 26

(e) Use of buffered solutions for the preparation of antigen emulsions,
complement, and amboceptor solutions.

These advances have helped considerably to improve serodiagnostic
procedures. Yet despite all these improvements, the tests using tissue
antigens are not specific procedures in the true biological sense, and non-
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specific reactions to syphilis tests are to be expected and do occur in non-
infected non-syphilitic individuals with a variety of non-treponemal diseases
and conditions.a

Development of tests using treponemal antigens produced from pathogenic
strains

In highly developed areas where syphilis is well controlled the relative
importance of seropositive reactions discovered on routine blood testing
with the commonly used serological tests is much greater than in the less
well developed or under-developed areas. A high proportion of persons
with such seropositive reactions have no clinical or anamnestic evidence
of syphilis, or of reasonable opportunity for infection, and do not in
fact have syphilis but are, rather, biologically false positive reac-
tors.67 69-71 75, 80, 130 There has been considerable confusion and contro-
versy regarding these findings during the past years. But it may be said
that a chronic biologically false positive reactor is a presumably non-
syphilitic or non-treponemal individual with repeated doubtful or positive
reactions, over a period of one year at least, to one or more of the usual
serological tests, including the screening tests in routine use in any particular
laboratory. It should be emphasized that the frequency of such reactions
will undoubtedly vary with:

(a) the particular lipoidal antigen employed (a higher incidence is to be
expected with sensitive screen procedures similar to the Kahn presumptive
and Kline exclusion tests);

(b) the incidence of syphilis in the patient population under study; and
(c) the diagnostic skill of the physician in establishing or excluding

syphilis on a clinical or historical basis.
With a continued decrease in the incidence of syphilis, there will be a

relative increase in the percentage of biologically false positive reactors in
this seropositive group. In an unpublished report, J. E. Moore and C. F.
Mohr have accumulated valuable clinical data based on a thorough inves-
tigation of 110 chronic biologically false positive reactors. They found a
strikingly high incidence of collagen vascular disease (including dissemin-
ated lupus erythematosus, rheumatoid arthritis, and rheumatic fever); of
major allergic states; and of diabetes mellitus. In addition, they have
shown that 82% of their series had a dysgammaglobulinaemia as measured
by cephalin flocculation, thymol turbidity, and serum globulin determina-
tions; 40% had hypercholesterolaemia, and many had mild to moderate
microcytic hyperchromatic anaemias and persistently increased sedimen-
tation rates. It is quite evident, therefore, that the chronic biologically
false positive reaction indicates that an important and potentially serious

a See the article by G. H. Kostant on page 235.
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medical problem may exist for the patient. Schmidt110 recently demon-
strated that the frequency of biologically false positive reactions was signi-
ficantly lower in healthy " normal" persons (organized blood donors)
than in a " mixed " group of patients and than in pregnant women. The
frequency was also found to be higher in healthy women than in healthy
men. In another study, Rice 106 found the frequency of biologically false
positive reactions higher in pregnant women than in non-pregnant hospital-
ized patients.

For more than forty years, many author-serologists have defended the
specificity of their respective serological test methods. Others have recog-
nized the existence of biologically false positive reactions and have devised
various verification and confirmation procedures, which would, they hoped,
differentiate the biologically false positive reactions from the reactions
occurring in latent syphilis; but none of these tests has been found fully
satisfactory. However, with the discovery of the treponeme-immobilizing
antibody and the development of the Treponema pallidum immobilization
(TPI) test by Nelson,77. 78 a specific serological procedure is now available
by which it may be possible to differentiate the false positive reaction from
the reaction of latent syphilis.a

This differentiation may prove more easily feasible with the newer
T. pallidum immune-adherence (TPIA),74 76 T. pallidum agglutination
(TPA)13, 35, 62 and T. pallidum complement-fixation 93 (TPCF) tests, which
have obvious advantages over the TPI test in that killed treponemes are used
as antigen and that the antigens may be stored for months in the refrigerator
and be made available to the smaller laboratories which do not yet have
adequate facilities to perform the technically more complicated TPI test.
These newer tests, however, are still, in the experimental stage.b

Recent reports to the World Health Organization on the TPA and TPIA
tests indicate that some of the antibodies detected in the TPA test are
closely related to the reagins demonstrated in the usual serological tests,
but that the antibodies demonstrated in the TPIA test are more closely
related to the immobilizing antibodies demonstrated in the TPI test. It has
further been stated that the difficulties inherent in the production of stable
and specific TPA and TPIA antigens have not yet. been overcome.

To repeat, physicians who practice in areas with a low frequency of
syphilis and with good laboratory facilities are often confronted with
individuals in whom a routine serological examination reveals a positive
seroreaction for syphilis uncorroborated by any other evidence of the
disease. In many instances, the patient is not subjected to all the prescribed
procedures required to establish or exclude a diagnosis of syphilis. Penicillin
therapy is often administered in preference to subjecting the patient to a
time-consuming and relatively expensive investigation. The importance of

a See the article by H. A. Nielsen & A. Reyn on page 263.
b See the article by H. J. Magnuson & C. P. McLeod on page 289.
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serological and clinical re-examination following therapy is not stressed.
The physician may fail to realize that once he has instituted treatment,
the patient should be considered probably syphilitic, and is therefore entitled
to the same clinical and serological follow-up as proved syphilitics.

The Future of Serological Testing

With the discovery of serological procedures using killed T. pallidum
antigens, or extracts thereof, such as the TPA, TPIA, and TPCF tests, some
laboratories feel that they may be able, in the not too distant future, to
discard the routine serological tests now in common use. It is generally
accepted, however, that this is not feasible. The present serological tests
have attained a high degree of sensitivity and specificity, even though the
antigens employed are not really specific in the true biological sense. In
addition, these routine tests will show up what will later be seen to be
biologically false positive reactions even before the clinical manifestations
of the diseases or conditions responsible for them have developed. This
is especially true in lupus erythematosus, where the patient may have
positive serological reactions for one year or more before developing
clinically recognizable signs and symptoms of the disease.39

It is the opinion of Nelson and others that serological laboratories
should subject all serum specimens to a " reagin screening ", consisting of
one or more of the routine tests. Interesting and valuable data can be
obtained by utilizing a battery of tests including two or more procedures.
In this manner two tests of similar technique, differing only in that one
employs crude lipoidal extract antigen and the other a more purified
cardiolipin-lecithin mixture, can be used. Serological patterns obtained
with such a battery of duplicate tests (e.g., Mazzini versus VDRL; Kline
exclusion versus Rein-Bossak) often suggest a syphilitic infection or a
biologically false positive reaction.

The Meinicke clarification test is an example of a test with crude antigen
which, in combination with other tests (e.g., complement-fixation with
cardiolipin antigen or crude Wassermann antigen and Standard Kahn),
constitutes a valuable aid in detecting biologically false positive reactors.
In such cases, the Meinicke test is often negative when the other two tests
are strongly positive.58' 60, 132

Sera which give negative reactions with the serological screening test
or battery of procedures can be reported as negative. Reactive sera from
patients in whom there is no clinical or anamnestic evidence of syphilis
might be subjected to a treponemal screening procedure, using killed
treponemes in the antigen. If negative reactions are obtained with two
successive specimens, that patient may be considered a biologically false
positive reactor, provided he has not received antisyphilis therapy. If,
however, positive reactions are obtained with the treponemal screening
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procedure, that individual's serum should be sent to a central laboratory
for testing with the TPI procedure. Here again, if negative reactions
are obtained with two successive serum specimens, that patient can be
classified as a biologically false positive reactor and a systematized investi-
gation of that patient for the possible cause of these reactions should be
undertaken. If positive TPI reactions are obtained with two successive
serum specimens, that patient should be considered probably infected
and should be carefully re-examined and requestioned for any clinical
or anamnestic evidence of infection. Such investigations should, of
course, include examination of the cardiovascular and central nervous
systems for any evidence of syphilitic involvement.

It is estimated that a laboratory examining 1000 sera per unit of time
with a 5 % rate of positive reactions will have a maximum of 25 specimens
to be subjected to treponemal screening. Approximately half of these will
ultimately require testing with the TPI test. If necessary, a national central
laboratory or laboratories can be authorized to perform these TPI tests,
providing the specific criteria for submission of sera for testing with the
TPI procedure are strictly adhered to. This type of serological facility will
undoubtedly provide the best laboratory serodiagnostic information to the
clinician.

Organization and Value of Mass Blood Testing

According to a recent editorial by J. E. Moore,69 the discovery rate of
early latent, late latent, and late symptomatic syphilis reached a peak in
the USA in 1943 and has steadily declined since. The peak was caused by
the organization and application throughout the country of mass blood
testing, (a) by law, as in premarital and prenatal examinations; (b) by
regulations, as in the Armed Services; and (c) by custom, as in the routine
examination by physicians of patients or of industrial workers. The 1952
level was only 40% of the 1943 peak, and this reduction was due to the
sharp drop in fresh infections and to the fact that the reservoir of previously
unidentified latent and late cases was beginning to be exhausted.

In Denmark, I. B. Svendsen 118, 119 has found that in spite of the wartime
epidemic there are now fewer unrecognized cases of latent syphilis ignoree
than before the Second World War-at any rate, so far as can be judged
from routine blood specimens. This finding is ascribed, inter alia, to
increased testing for syphilis at hospitals and clinics as well as to measures
similar to those adopted in the USA.

Legal requirements

In a report dealing with the history and analysis of premarital health
examination legislation in the USA, J. K. Shafer 112 writes:
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" Upon analysis, the principal purpose of the various statutes requiring premarital
physical examinations appears to be prevention of transmission of syphilis to either
party to a marriage and to the prospective progeny of the union. Premarital physical
examination is an effective means of discovering whether either party is infected with
syphilis and thus protects the innocent partner from acquiring an infection in marriage.
Also, as a consequence of discovering an existing venereal infection, other persons may
be discovered and treated, persons who otherwise might remain undiscovered.

Premarital laws are meant not to prevent marriages but only to postpone marriages
until such time as the infected parties have had adequate treatment or have passed the
communicable stage of syphilis."

Forty States and the Territories of Hawaii and Alaska have premarital
health examination laws, the majority requiring that both the prospective
bride and groom have a physical examination, including a blood test for
syphilis, before issuance of a marriage license. With the progressive de-
crease in syphilis, there will be an increase in the cost of detecting a syphilitic
applicant for marriage. Yet, whatever the increase ,in costs, the premarital
serological examinations have been of value in detecting previously un-
discovered latent and late syphilitics.

Regulation
In the United States Armed Services all military personnel are subjected

to serological examinations with the standard techniques employing lipoid
antigens. Pre-induction serological examinations have made possible
the discovery of many individuals with undiagnosed and untreated syphilis.

Routine testing
Routine pre-employment serological testing has proved to be a valuable

case-finding method. Routine testing programmes are of value, however,
only if the results of the serological examinations do not lead to abuse.
Unfortunately, seropositive reactors are discriminated against and they
may often lose their opportunity for the position for which they had ap-
plied. Patients with late latent and congenital syphilis may have persist-
ently positive blood tests for many years despite adequate therapy, and they
may have trouble obtaining a position because of pre-employment sero-
logical examinations.

Mass blood testing programmes will prove extremely valuable if the
population tested is richly seeded with syphilis. It is estimated that 50% of
cases detected by mass screening projects never knew they had syphilis
and will be subjected to specific and adequate therapy before they develop
the late crippling and killing sequelae. J. C. Cutler 20 has pointed out that
with the decline of syphilis prevalence in the United States, blood testing
campaigns covering all persons in an area or population group have become
economically unsound since the yield in positive reactors is too small to
justify large-scale operations. But in areas where the prevalence of syphilis
and the other treponemal diseases is known to be high, mass campaigns
are worth while.
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Clinical Implications of Serological Findings

The seropositive pregnant woman

There is some difference of opinion as to the management of the
pregnant woman in whom routine and repeated serological examinations
reveal positive reactions. Often it is her first pregnancy, clinical and serolo-
gical examinations of her parents and husband are negative, and the patient
presents no clinical or anamnestic evidence of syphilis. Furthermore,
investigations for possible non-syphilitic diseases known to produce non-
specific serological reactions may be fruitless. It is not safe to assume that
the routine serological reactions are of the false positive type unless they are
corroborated by a negative reaction with tests employing specific treponemal
antigens. It is generally agreed that unless biologically false positivity can
be proved, these women are entitled to the protection of a regimen of
penicillin therapy to ensure against a prenatal syphilitic infection of the
foetus in utero. In order to prevent possible psychic trauma, the patient
should be informed that she does not necessarily have syphilis, and that the
treatment is not so much for herself as for the protection of her baby.

It is suggested that when a physician is confronted with a seropositive
pregnant patient the following should be done:

(a) Every effort should be made to differentiate syphilis from biologic-
ally false positivity; but if this cannot be done the seropositive pregnant
woman should be treated, primarily to protect the foetus.

(b) After the birth of the baby, the mother should be given all available
clinical and laboratory examinations to establish or exclude a diagnosis of
syphilis.

(c) If the mother has been treated, the infant should be followed with
serial quantitative serological tests for the first four to six months of life.

The seropositive newborn

In the evaluation of the serological status of the newborn child of an
infected mother, repeated quantitative serological examinations of the
infant is a sine qua non. Although serological tests can and should be
performed on all umbilical cord blood specimens obtained at the time of
delivery, the results will only determine the serological status of the newborn
child at that particular time. The results should not be used to establish
or exclude a diagnosis of congenital syphilis. A negative serological test
does not exclude congenital syphilis since a foetus infected late in preg-
nancy may develop positive serological reactions at variable times after
delivery. A positive serological test with the umbilical cord blood does not
necessarily establish a diagnosis of congenital syphilis, since this may merely
indicate a passive transfer of maternal antibodies to a normal foetus. The
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term " syphilotoxaemia" has been applied to such passive transfer of
maternal reagin. Since no morbid pathological disturbance is actually so
transferred, the term " syphilotoxaemia" is not satisfactory for this pheno-
menon. Rather it is suiggested that the term " passive reaginaemia " be
used to indicate a passive reagin antibody transfer. In the majority of such
instances, the serological tests revert to negativity within two months of
birth but occasionally may persist for as long as five months. It is possible
that in those infants in whom the serological reactions remain positive for
more than two months, there was a syphilitic infection in utero, but that
they responded satisfactorily both clinically and serologically to the therapy
administered to the mother during her pregnancy. Although it is preferable
to treat the mother prior to the fifth month of her pregnancy in order to
prevent a syphilitic infection of her foetus, it is never too late to treat the
pregnant woman with the hope of curing the infected foetus in utero.53 The
half-life of such passively transferred reagin is approximately 32 days; that
is, about 32 days following birth there is 50% reduction in the quantitative
titres.102

The frequency and degree of seropositivity in infants will depend upon
the following factors:

(a) Serological titre of the mother. The higher the titre of the mother's
serum at the time of delivery, the greater will be the likelihood of the
newborn child's being seropositive, the higher will be their respective titres,
and the longer will it take for the newborn to attain seronegativity.

(b) Sensitivity of the serological tests. The more sensitive the tests
employed on these infants, the greater will be the frequency of reactors
and the higher will be their serological titres.

(c) Type of test employed. Passively transferred maternal reagin in
the infant's serum is more readily detected by complement fixation than
by flocculation techniques. This observation is better understood in the
light of the work of Wiener on the Rh factor. Wiener 131 has shown that
two varieties of antibody are produced in the Rh-sensitized mother; the
bivalent (complete) antibody (agglutinin), which for the most part, is
retained by the intact placenta, and the univalent (incomplete, blocking)
antibody (glutinin), which traverses the placenta and is responsible for
erythroblastosis in the foetus. The latter antibody has the capacity to fix
complement. In the comparison of reagin antibody titres in adequately
treated mothers and in their apparently normal newborn children, a similar
separation of antibodies seems to be effected. With the complement-fixation
tests for syphilis similar reagin titres are usually found in mother and
newborn. With the flocculation tests the level of reagin antibody titres in
the infant is minimal as compared with that in the mother.

In his textbook on the treatment of syphilis, Moore 68 was unable to
account for the fact that 113 of 292 apparently normal offspring of ade-
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quately treated syphilitic mothers showed positive complement-fixation tests
for syphilis, whereas only 8 of a similar group of 158 infants gave positive
serological reactions with the flocculation test. Moore's finding has been
confirmed by N0rgaard.81 These facts may now be explained by this newer
concept of two antibodies-the complement-fixing antibody, which may
pass through the placenta; and the flocculation antibody, which may not.

In addition to the presence of reagin-like antibodies in the sera of
infants born of treated mothers, anti-treponemal antibodies have been
demonstrated by specific treponemal tests. Austin & Nelson 2 studied
30 infants born of treated mothers to determine the frequency of passive
transfer and the subsequent disappearance time of treponemal immobilizing
antibodies in the sera of these infants. Immobilizing titres in the infants
were related to comparable maternal serum values secured immediately
after delivery. The transfer of specific immobilizing antibody was demon-
strated in all instances. The time required for total elimination of antibody
appeared to be contingent upon the quantity initially transferred. In general,
the time of disappearance appeared to be considerably longer than that
observed with the antilipidal reagin.

Quantitative serological tests for syphilis

The demand for quantitative serological testing by the practising
physician has shown a marked increase since the introduction of rapid
measures for the treatment of syphilis with penicillin. It should be pointed
out that a quantitative serum test has its limitations; it merely determines
the maximum dilution in which a particular serum still gives a positive
reaction. A patient whose serum is positive in a 1: 16 dilution is no less
infected than the person whose serum is positive in a dilution of 1: 256.0
There is also the pseudo-quantitative method of reporting positive reactions
as 1-plus, 2-plus, 3-plus, and 4-plus in the routine qualitative tests; undue
emphasis has been placed on this method in the past. The physician is
often lulled into a false sense of security if, on serological re-examination,
the laboratory reports a reduction in reading from 3-plus to 1-plus, and
again he and the patient may be unduly concerned if the reading rises
from 1-plus to 3-plus. A 4-plus reading does not necessarily indicate a
" strongly" positive reaction, since one 4-plus serum may be positive only
in a dilution of 1: 2, while another 4-plus serum may continue to give
positive readings in a dilution of 1: 256. Obviously the latter serum is
128 times more " positive " than the first serum, yet both were reported
as 4-plus or " strongly " positive by the routine qualitative method. The
value and importance of carefully performed and properly interpreted
quantitative tests cannot be over-emphasized. Whenever possible, quantita-

a For a discussion of the use of the terms " reactive ", ' weakly reactive ", and " non-reactive " in the
place of varying degrees of " positivity ", see the article by A. Harris & S. Olansky on page 219.



SEROLOGY OF TREPONEMATOSES 211

tive tests should be performed by the same technique and in the same
laboratory. Unfortunately, there has been much confusion regarding the
present status of quantitative procedures because of the dissimilar methods
of performance, interpretation, and reporting of the tests; this is discussed
in greater detail elsewhere.a

The chief value of quantitative tests lies in the fact that the physician
can more adequately evaluate the serological response of his patient to a
particular treatment schedule from the very onset of therapy throughout
the period of clinical and serological follow-up. A reduction in titre may
be of great value and is often the only clue to the success of the previously
administered therapy.

The following are a few instances where carefully performed and pro-
perly interpreted repeated quantitative tests may be of value to the
practising physician.

(a) As a guide of response to treatment. Short intensive methods of
therapy, especially with penicillin, are terminated while the patient is still
seropositive. If the serological tests are to be of any value in determining
the efficacy of the therapy, quantitative procedures performed at regular
(monthly) intervals are necessary to indicate the degree of positivity. If the
quantitative tests remain strongly positive long after a reversal to sero-
negativity is anticipated in early syphilis, one may consider that patient a
treatment failure. There are, however, several factors which may influence
the length of time required to attain seronegativity.

(b) To differentiate between prenatal syphilis and syphilotoxaemia.
(c) To differentiate between true and false positive serological reactions

for syphilis.b
Carefully performed and interpreted quantitative serological tests under

uniform and standard conditions are of definite value to the practising
physician.

Serological response in penicillin-treated syphilis

After treatment with penicillin, the treponemes disappear rapidly from
the early lesions of syphilis and early and late cutaneous manifestations
heal promptly. Some physicians, however, have been disappointed by the
apparently slow serological response. This lag in serological reversal has
caused a fallacious pessimism among those who had hoped for a more
rapid reversal to seronegativity. In late symptomatic or latent syphilis and
in late congenital syphilis, it is only on infrequent occasions that there is a
reversal to seronegativity, even within five years of treatment. Unfortu-
nately, some physicians fail to realize that the persistence of positive serolo-

a See the article by A. Harris & S. Olansky on page 219.
b See also the article by G. H. Kostant on page 235.
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gical tests for syphilis does not necessarily indicate the persistence of
infection. There are, however, several factors which influence the length of
time required to attain seronegativity.4fi 5

(a) State of disease. The older the disease, the longer the treponemes
are present and the longer it takes for the body cells to stop forming anti-
bodies. As a rule, patients with secondary syphilis require more time to
acquire seronegativity than patients with seropositive primary lesions.

(b) Immunological response of individual patients. Some patients with
syphilis develop more antibodies than do others after the same type of
stimulus. The former patients usually require more time to attain sero-
negativity.

(c) Serological titre. As a rule, patients with high serological titres at
the onset of therapy may require more time than those with relatively low
titres to attain seronegativity.

(d) Sensitivity of the serological procedure. The more sensitive the
serological test, the longer it will take to give a seronegative reading. When
a serological battery consisting of tests with varying sensitivities is em-
ployed,21 negative reactions may be obtained with the less sensitive tests
long before the more sensitive tests become negative.

It must be pointed out, however, that there are many variations to the
above factors, and no set rules can be made to determine or anticipate the
length of time required to attain seronegativity. It is generally agreed that
the persistence of serological reactions does not necessarily indicate the
persistence of a syphilitic infection. Therefore, it should not be necessary
to re-treat patients if they do not revert to seronegativity soon after com-
pletion of therapy.

Serology of asymptomatic reinfection and serorelapse
Some physicians are discouraged with penicillin therapy because they

are of the opinion that the alleged relapse or failure rate is excessive. Un-
fortunately, it is often difficult or impossible to differentiate between
serorelapse and asymptomatic reinfection. Since syphilis may be cured in
a relatively short period of time, it is possible for patients to be reinfected
by subsequent exposure. In fact, an individual may even be reinfected with
his original treponemes which were deposited in his sexual contact soon
after his first infection. There is no question but that such instances of
" ping-pong " syphilis occur more frequently than has hitherto been appre-
ciated. Whether or not an adequately treated patient with early syphilis
will develop a new chancre at the site of inoculation will depend on the
extent of immunity developed from the original infection.

Judging from animal experimentation,1' 17, 64 the degree of immunity
is usually dependent upon the duration of the original infection before
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treatment and the number of organisms involved in the re-inoculation. It
is possible for certain patients with syphilis to develop partial or relatively
complete immunity. If the only evidence is a rise in serological titre, it
may be impossible to distinguish this from a serological relapse.

The patient with asymptomatic reinfection merits the same epidemio-
logical investigation as does the patient with clinical evidence of reinfection.

In cases with a rise in serological titre, the following suggestions 101
are made:

(a) An attempt should be made to differentiate by means of careful
epidemiological investigations and thorough history-checking between
asymptomatic reinfection and serorelapse before treatment.

(b) Not all persons needing re-treatment should be categorically clas-
sified as serorelapse, since careful analysis has shown that a large proportion
of so-called relapses are in fact reinfections.'08' 121

(c) All patients with asymptomatic reinfection and serorelapse should
be re-treated with penicillin alone. The use of penicillin combined with
heavy metal therapy is not indicated.113

(d) A search should be made for possible infectious contacts, even in
apparent serorelapse.

Examination of spinal fluid in neurosyphilis

The results of spinal fluid examinations serve as a guide both to the
activity of the syphilitic process and to the efficacy of treatment. The spinal
fluid examination should include at least the following procedures: (a) cell
count, (b) total protein determination, (c) qualitative globulin determina-
tion, (d) serological test for syphilis, and (e) colloidal (gold or mastic)
reaction. Following the original therapy, spinal fluid examinations should
be performed at six-month intervals for one year and yearly thereafter for
5 years. If the disease process has been arrested, all tests will show pro-
gressive decline to normal values without re-treatment. A period of five
years or more may elapse, however, before the complement-fixation tests
and the colloidal reactions become negative.

Dattner & Thomas 25 have shown that following successful therapy of
all types of neurosyphilis, the cell count declines to three or less per ml
within approximately six months. Thus, a normal cell count is the earliest
and most sensitive index of the arresting of the disease. The total protein
values also decline but not as rapidly as the cell count. The persistence of
positive colloidal reactions and complement-fixation tests does not neces-
sarily indicate a persistence of active infection.

Dattner 24 has also ably demonstrated that there is no constant corre-
lation between spinal fluid results and clinical findings. In many patients,
there may be definite clinical improvement and yet the spinal fluid findings

213



C. R. REIN & A. REYN

may reveal an active syphilitic process. The reverse may also be true, as
in burned-out tabes, where the spinal fluid findings may be normal, but the
patient has persistent clinical evidence of neurosyphilis. Irreparable neu-
raxis damage may already have occurred, and clinical manifestations may
persist even though the active syphilitic process has been arrested.

Reactivations of the neurosyphilitic process are usually indicated by a
persistence or increase in the values of all spinal fluid tests, including cell
count, total protein, colloidal reactions, and quantitative serological tests
for syphilis. The cell count is usually the first to show this increase.

Before considering the re-treatment of neurosyphilitics, the following 101

is suggested:
(a) Re-treatment should be instituted when there is evidence of acti-

vation in the spinal fluid findings.
(b) Re-treatment with larger doses of penicillin administered over

longer periods of time should be given to those who failed to respond
satisfactorily to the original course of therapy.

(c) Re-treatment should not be given because of persistently positive
colloidal or complement-fixation reactions.

(d) Other modalities of treatment should be employed when indicated
to improve the general health of the patient.

Conclusion

The purpose of this article is to serve as a general introduction to the
question of the serodiagnosis of the treponematoses, syphilis in particular.
It can give only a bird's-eye view of some of the recent advances in sero-
logy and their importance to the physician interested in the diagnosis and
treatment of treponemal diseases. There is no question but that the labo-
ratory can and should play an important role in local, national, and inter-
national treatment programmes. It must also be emphasized that labo-
ratory results are not infallible and that false negative and false positive
reactions may occur. The original diagnosis of a treponemal disease and
the final evaluation of the patient's post-treatment status depend upon the
closest co-operation between the laboratory and the clinician.

RIASUME

Les principaux aspects du serodiagnostic des treponematoses, plus particulierement
de la syphilis, sont abordes dans cette revue d'ensemble. Les auteurs decrivent brieve-
ment les ameliorations recentes apportees aux techniques de laboratoire et indiquent
le role des divers types de tests. Apres avoir envisage certaines consequences des resultats
serologiques sur l'orientation du traitement, ils insistent sur la necessite d'une etroite
collaboration entre serologiste et clinicien.
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Divers perfectionnements techniques ont e introduits au cours des dernieres annees:
1'emploi de veinules pour le prelevement de serums qui doivent etre expedies; l'addi-
tion d'agents conservateurs ou la lyophilisation qui preservent les serums de la conta-
mination; la purification des antigenes; la preparation d'extraits lipidiques de v6ge'taux
(sitolipine, extraits de soya, etc.); la recherche de phospholipides synth6tiques qui puissent
remplacer la cardiolipine; l'utilisation d'antigenes treponemiques; la conservation asep-
tique du sang de mouton pour les epreuves de fixation du complement; la preparation
et la conservation de l'ambocepteur et du complement; l'emploi du spectrophotometre;
l'adoption de serums de reference.

La standardisation des methodes serologiques et des reactifs, poursuivie avec opiniatrete
a l'eehelon local, national et international a deja notablement eleve le niveau de preei-
sion des tests serologiques.

Les tests treponemiques (TPI, TPA, TPIA), les deux demiers en particulier, bien
qu'encore au stade experimental, peuvent permettre de distinguer les fausses reactions
positives des vraies. Ils ne peuvent cependant, comme certains laboratoires l'avaient
escompte, remplacer actuellement les tests serologiques habituels. En effet, selon Nelson
et d'autres serologistes, tous les eehantillons de serum devraient etre d'abord soumis A
un, deux ou plusieurs tests de routine pour la recherche des reagines - l'un avec l'anti-
gene cardiolipidique, les autres avec un antigene moins pur. Ainsi, par exemple, le test
de clarification de Meinicke, utilisant un antigbne brut, combine a d'autres tests compor-
tant des antigenes plus purs, peut contribuer A deeeler les fausses reactions positives:
il est souvent negatif quand les autres sont positifs. Les serums negatifs aux tests des
reagines seront consideres comme negatifs, tandis que les serums positifs de sujets sans
antecedents ni sympt6mes syphilitiques seront soumis aux tests treporemiques.

Les auteurs etudient la suite qui peut We donnee par la clinique aux resultats des
epreuves serologiques dans le cas de la femme enceinte presentant des reactions posi-
tives sans signe ou indication de syphilis et dans celui du nouveau-ne seropositif. Ils
discutent les interpretations possibles des resultats des epreuves post-therapeutiques,
les donnees de la serologie dans les cas de reinfection asymptomatiques ou de rechute
serologique, l'examen du liquide cphalo-rachidien dans la neurosyphilis.
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