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Since the development of the original Wassermann test, the serodiagnosis
of syphilis has been characterized by the appearance of a series of technical
methods, each bearing the name of its originator. A limited number of
these procedures employ the complement-fixation phenomenon of Bordet
as an indicator, while a larger number are based upon the precipitation
phenomenon originally described by Michaelis. All are empirical, employ-
ing as antigen an extractive of normal mammalian muscle which can have
only an indirect relation either to the disease itself or to the organisms
responsible for the disease.
The precise relation between infection and the presence of a positive

serological reaction is not clear. Blood serum may continue to give a
positive reaction long after adequate therapy has presumably destroyed
the causative organism. It is now known that a patient may be reinfected
with syphilis at any time following adequate therapy, regardless of the
presence of a high-titre serological reaction. This seems to indicate that,
if the reacting substance is an expression of immune response, the process
is not sufficient to afford protection. There is always the possibility that
the disease produces immune bodies which are distinct from the substance
responsible for positive reactions in the usual serological test.

All that can be said with certainty is that it is the exceptional individual
who, in the normal state of health, shows the presence of reacting substance
in concentrations which can be detected by the usual test-method. Follow-
ing the invasion by Treponema pallidum, the concentration of reacting
substance increases to a point which is demonstrable by practically all
testing methods. In response to therapy, the serological titre has a tendency
to recede steadily toward the negative phase. The time required for this

* No discussion of technical details is attempted in this article, but recent developments in the sero-
diagnosis of syphilis will be reviewed in a forthcoming number. - ED.
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recession differs with duration of the infection, titre at the time of treat-
ment, and individual characteristics which cannot be defined or measured
by available methods.
The clinical and public-health aspects of syphilis and, by inference, the

relation between the disease and the science of serology, appear to be
passing into a period of change. Several years will probably elapse before
a rational appraisal can be made of the impact of forces now beginning
to be effective. Because of this uncertainty, discussion of the general field
of serology must be undertaken with the understanding that opinions
expressed are provisional and that any attempt to predict the structure
of the serology of the future must be considered speculative.
That the public-health aspects of syphilis may be transformed in the

near future is well within the range of possibility. At present, the spread
of syphilis is attributed to transmission by the person with an early infection
which displays either the lesions of early disease or those of infectious
relapse. (If latent and late clinical syphilis possess an appreciable capacity
for transmission, the fact has escaped emphasis.) If a significant pro-
portion of patients with early syphilis are given adequate therapy, a
decrease in the opportunity for transmission will probably result. Provided
that such a comprehensive treatment programme were maintained for a
sufficient period of time and over a sufficiently wide area, the incidence
of the disease in the treated population could hardly fail to decline. This
is predicted on the assumption that the usual epidemiological reasoning
can be applied to syphilis and that the present concept of transmission is
correct.

In addition to a decline in incidence following the general employment
of antibiotic therapy in early disease, there may be a concomitant decline
in the frequency with which the destructive lesions of late disease are
encountered. Preventing the disease from seriously injuring the human
would lead to the reclassification of the infection from one of great chroni-
city, with a potentiality for delayed damage to vital organs, to one of
lessened importance to the individual and of minor public-health
significance.

Biological False-Positive Reactions

The relation between serology and syphilis is changing in another impor-
tant respect. During the years immediately following the development
of the Wassermann test, the medical profession attached to a positive
reaction a degree of diagnostic infallibility which is now considered to be
unwarranted. Many patients were, without doubt, subjected to anti-
syphilitic treatment on the basis of serological findings alone, when, in
reality, they were not infected.
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Malaria and leprosy were among the first diseases which were found
to react with lipoidal antigens. As new testing methods were developed,
as the sensitivity of the methods was increased, and as the use of blood
tests became general, the frequency of nonspecific positive reactions also
increased. Infectious mononucleosis, vaccinia, and upper respiratory
infections (even of a relatively minor and transient character) may give
rise to biological false-positive reactions. Further, a limited number of
apparently normal individuals are found who display low-titre positive
or doubtful reactions with some of the testing procedures. This condition
may be permanent or transient, but cannot be ascribed to the presence
of intercurrent illness.

In untreated early syphilis it may be anticipated that all serological
tests will be strongly and persistently positive. If the history of previous
treatment is negative (or withheld), and if the serological findings include
low-titre positive or doubtful reactions in some tests and negative reactions
in others, it may be advisable to keep the patient under continued observa-
tion but to withhold therapy during this period. For individuals who have
no clinical evidence or history of infection and who give strongly positive
reactions in all tests, an abstract diagnosis of syphilis on a serological
basis alone is not justified without pretreatment observation. If the positive
reaction is due to causes other than syphilis, a change in the pattern may be
observed after several months. Syphilis in pregnancy may be a possible
exception to this course of action, since postponing treatment for long
may involve unwarranted risk to the child.
Mention has been made of some of the diseases other than syphilis

which may give rise to nonspecific serological reactions. Evidence is
accumulating which points to the possibility that factors of an environ-
mental character may distort the serological picture in certain population
groups and thus be responsible for an inaccurate estimate of the prevalence
of syphilis in these groups.

In some tropical areas an extraordinarily high incidence of positive
findings has been observed. 2,7 In a study recently conducted in one of the
Central American countries,' rates of positive reactors by some methods
were as high as 60 % in population groups in which the presence of clinical
syphilis was at a minimum. The prevalence of nonspecific reactions ranged
from 12 % to more than 50 %. A reasonably complete medical survey
failed to disclose the presence of an infectious disease or pathological
condition sufficiently common to account for the prevalence of the positive
findings. The inference appears justified, therefore, that unrecognized
environmental factors may be responsible for a serological picture entirely
at variance with the frequency with which syphilis is encountered.

Since the syphilis status of a given population group, when determined
serologically, may be distorted by these environmental factors, it would
be well to investigate them before control measures are undertaken. A

229



J. F. MAHONEY & MARGARET R. ZWALLY

full-scale study sponsored by WHO would be helpful in delineating the
extent of the syphilis problem on a worldwide basis and in estimating the
efficacy of any control measures that might be instituted.
Such a study would necessitate a medical and serological survey of an

adequate number of inhabitants of various geographical areas, with careful
attention being given to the study of environmental conditions, racial
distribution and seasonal changes in serological patterns. The use of cardio-
lipin-lecithin antigens should prove to be of great interest in a study of
this type, since test-methods employing these comparatively new antigens
may be more specific than the methods employing the older lipoidal antigens,
and since cardiolipin-lecithin antigens can be prepared for use at almost
any level of reactivity.
The majority of false-positive reactions is of the minimal or low-reading

type ; furthermore, the reaction may be present in one test of a series but
not in others. Because of this, multiple tests contribute appreciably to the
solution of the problem presented by the serum reaction in individuals in
whom the probability of an existing syphilitic infection is reasonably remote.
However, it is difficult to visualize just how a series of five or more testing
procedures could be used in laboratories where the testing volume is so
great that, in many instances, extreme difficulty is experienced in main-
taining a simple routine involving only one test-method.
To facilitate differentiation of true- from false-positive reactions a

group of so-called verification tests has been developed. None of these
methods, however, has proved to be sufficiently reliable for differentiating
between specific and nonspecific reactions. At the present stage, the verifi-
cation procedures contribute only additional confusion to an already
complicated picture.

Improvement in Antigen Composition

The serology of syphilis must remain completely empirical until one of
the test components has been identified and its role in the reaction described.
The work of Pangborn,3-6 which led to the identification of cardiolipin
and, subsequently, to the use of cardiolipin-lecithin mixtures as antigens,
constitutes a forward step in the serology of syphilis. The discovery offered
the early hope of preparing antigens through a chemical formula, of
eliminating impurities which contribute to nonspecific reactions, and of
accurately fixing the level of reactivity of testing methods.
At present, purified phospholipin (cardiolipin), in mixtures with purified

lecithins, offers the most nearly identifiable component, but there is still
no clear understanding as to how these mixtures function as antigens.
Although the exact chemical structure (even the elementary composition)

of cardiolipin is yet to be determined, it is interesting that the preparation
of the lecithins, whose structure and composition have been known for
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years, should be the greater problem in the production of the phospholipin
antigens in a highly purified state. At least, it seems appropriate to suggest
that chemists should concentrate either on preparing a constant product,
determining its composition, and synthesizing a lecithin or mixture of
lecithins, or on finding a more satisfactory raw material to replace those
now in use.
Once the problem of obtaining pure lecithins is solved, their reactions

with cardiolipin can be studied. By suitable chemical research it may
then be possible to determine which molecular groupings are essential
for serological activity and, perhaps, to synthesize a simpler molecule
which will render antigens entirely specific.

Cardiolipin-lecithin antigens have been incorporated into several sero-
logical testing procedures without change in test mechanics. In other
instances, new methods for the preparation of antigen suspensions and
for the reading and reporting of test results have been designed especially
for the new antigen. These special procedures have retained some of the
essential features of older methods and have not contributed major changes
to the design of serological tests for syphilis.
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