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penicillin. Nevertheless, it is important that the
dose/time relationship requirements within the total
dose given were generally met. However, in one
group treated with a single injection of either
3.0 million IU of PAM or 2.4 million IU of benza-
thine penicillin (de Graciansky & Grupper, 1960),
the results were excellent in serologically non-
reactive primary syphilis, while in seroreactive
primary and in secondary syphilis they were con-
sidered inferior to those obtained by prolonged
treatment schedules. However, there are indications
that total doses above 6 million IU of PAM will not
improve the overall results in early syphilis. This is
stated in particular by Perdrup (1960), who con-
cluded that the final outcome was equally satis-
factory using either 6 or 12 million 1U of PAM.

In our earlier discussion of the nature and rationale
of penicillin therapy in syphilis, it was observed that
PAM and DBED are preferred, although aqueous
benzyl procaine penicillin G is also used quite
extensively in multi-injection treatment regimens.
Newer semisynthetic penicillins have also been
shown to be treponemicidal in vitro and in vivo
(Cottini & Lazzaro, 1964; Cannata, 1965), but the
observation time for adequate effect in vivo in early
syphilis has as yet been too short for proper evalua-
tion. The alternative antibiotic therapy of syphilis
in cases of penicillin allergy is discussed elsewhere in
this review.

COMBINW PENICILLIN-METAL THERAPY

Experienced venereologists no longer advocate
treatment of early syphilis exclusively with arsenicals

or arsenicals combined with bismuth. However,
some clinicians, particularly in France (Degos, 1968)
and in the USSR (Grobulev, 1966), continue to use
bismuth or mercury in addition to penicillin in
serologically reactive early syphilis. Only rarely is
this procedure based on the view that such combined
treatment gives superior results (Garnier, 1963;
Huriez et al., 1964; Ciarrocchi, 1968; Degos, 1968).
The motive is usually to offer the patient the " benefit
of the doubt " or to give an " extra guarantee " of
cure. The combined treatment is suggested also for
psychological reasons in order to hold cases as long
as possible for further observation (Huriez, 1965).
While bismuth or mercury is sometimes given initially
before penicillin in an attempt to avoid Jarisch-
Herxheimer reactions (Nick et al., 1963), the actual
curative effect of penicillin cannot, according to
some, be expected to be improved by supplementing
it with bismuth. Thus Prieto & Jimon (1965)
demonstrated that bismuth injections in healthy
volunteers did not result in any treponemicidal effect
of the serum (TPI procedure). Comparative studies
of the results of therapy with penicillin alone and
with penicillin combined with arsenic and/or bismuth
have shown not only that no advantages are gained
by adding these more toxic drugs to penicillin
(Willcox et al., 1958) but also that treatment with
penicillin alone is much safer. Heller et al. (1948)
reported that there were no deaths and 240 (or
0.71 %) treatment reactions in 33 724 patients
treated with penicillin alone. In 118 544 patients
given penicillin and arsenicals, there were 16 deaths
and 1 632 or 1.4% severe reactions.

LATE SYPHILIS

A year after its introduction in the treatment of
early syphilis, penicillin was already being used
occasionally in late syphilis (Thomas, 1949). The
short-term results compared favourably with those
of arsenicals and bismuth, but in contrast to the
toxic metals penicillin was well tolerated by the
patients even in large doses. However, long-term
observations were necessary.
The long-term appraisal of results of penicillin

therapy in late syphilis must take into account the
nature of the tissues and body systems involved, the
damage inflicted by the chronic syphilitic inflamma-
tion and the functional recovery possible as a result

also of supporting therapy and medical care. While
these factors apply to late symptomatic syphilis they
do not apply to late latent syphilis, since-apart
from the presence of detectable serum antibodies-
this diagnosis is based on the absence of clinical,
radiological, spinal fluid and other findings. The
appraisal of the outcome of treatment of late
symptomatic syphilis must, under the circumstances,
be considerably more qualitative than in early
syphilis. In the latter condition the effect of treat-
ment on surface pathology is evident and offers,
together with the relatively rapid serological changes
that occur, definitive criteria for evaluation. In late
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syphilis clinical assessment may be complex and
reagin and/or treponemal antibody seroreactivity will
change only slowly, to a limited extent, or not at all,
following antitreponemal therapy. These limitations
of the criteria applicable in the assessment of results
of therapy in late syphilis were already brought out
in the international collaborative study on metal
therapy under the auspices of the Health Organiza-
tion of the League of Nations some 40 years ago
(League of Nations, 1935), quite apart from diffe-
rences of selection in patient material from clinics
and hospitals in different countries with varying

Diagnosis No. of
cases

standards of diagnosis, dissimilar laboratory meth-
ods, etc. These limitations in the study of therapy
in late syphilis also apply-although to a lesser
extent-in the penicillin era and should be kept in
mind in the following appraisal.
The present study covers a total of 8 819 cases of

late syphilis treated with penicillin, followed for up
to 12 years and described in the medical literature
since 1945. In a few instances metal treatment was
added to the penicillin used. The material is com-
posed as follows:

Percentage of
total cases Remarks

late latent syphilis
" benign " late syphilis
cardiovascular syphilis
neurosyphilis
optic atrophy

total

469
70

1 168
6 902
210

5.3
0.8
13.2

7112 783} 80.7

8 819

see Table 5
see Table 6
see Table 7

see Tables 8, 9, & 10

100

It will be noted that neurosyphilis is the most
frequent complication (80.7 %) in the published data
on diagnosed late syphilis treated with penicillin.
This is in contrast to the relatively low frequency of
neurosyphilis in the natural course of untreated
syphilis (the Boeck-Bruusgaard-Gjestland data
show about 6% neurosyphilis and about 10% cardio-
vascular syphilis (Gjestland, 1955)). The proportion
in diagnosed late syphilis in the present material may
be due to more accurate and elaborate clinical and
laboratory diagnostic,methods in neurosyphilis than
in cardiovascular syphilis. Almost 50% of the
published papers containing the above material
appeared in the literature between 1945 and 1955,
85% appeared before 1965, and only a few articles
were published between 1965 and 1970. That this
decline in published material also suggests a decline
in the actual occurrence of late syphilis in recent
years is corroborated by data from university clinics
and in national morbidity statistics from several
countries, to which further reference will be made
subsequently.

LATE LATENT SYPHILIS

Epidemiological, clinical and immunological con-
siderations are known to underlie the subdivision of
"latent syphilis " into early latency (of less than

4 years' duration) or late latency (of more than
4 years' duration). This subdivision is the basis of
the international classification of latent syphilis
(World Health Organization, 1967; US Department
of Health, Education and Welfare, 1968). However,
for several reasons such distinction in practice is
sometimes difficult or impossible: the time when the
infection could have been acquired is often not
recognized by the patient; apparently trivial early
manifestations may have been overlooked (e.g., on
the cervix of the female or within the anus of the
homosexual male) or misdiagnosed; or early
symptoms may not have been admitted, may have
been forgotten or may not have occurred (syphilis
d'embltie). Only in very few instances would waning
symptoms, for example residual polyadenitis in
seroreactive but otherwise clinically symptom-free
persons, be suggestive in distinguishing early from
late latency. A marked decrease in serological reagin
titre occurring within a relatively short time following
treatment-as an indication of early latency, as
contrasted to the slow regression or " seroresistance "
of late latency-would be observed only in closely
followed patients. These considerations already
applied in the metal therapy era and continue to hold
true following the introduction of penicillin (Pautrier
& Ullmo, 1951; Barnett et al., 1954; Barnett, 1959).
As a whole, it is not possible to discuss late latent
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syphilis without referring occasionally to early
latency, as has been done in the following analysis.

Trends
In the past, prolonged serological observation was

generally required in addition to careful clinical
examination in order to establish a diagnosis of
latent syphilis in reagin seroreactive persons with no
clinical symptoms, no spinal fluid or radiological
findings, and no history of syphilis. False positive
reactive serum tests caused by technical errors, or
" biologically false positive " tests caused by condi-
tions other than syphilis, e.g., lupus erythematosus
and other collagen diseases, recent immunizations,
viral and bacterial infections, including malaria, and
dysglobulinaemia, were important considerations.
Following the introduction of the T. pallidum im-
mobilization (TPI) test (Nelson & Mayer, 1949) it
became possible to verify the specificity of reactive
reagin tests. Notwithstanding the subsequently
introduced fluorescent antibody dilution (FTA) test
(Deacon & Freeman, 1960) and absorption (FTA/
ABS) test (Deacon et al., 1966), as well as the passive
treponemal haemagglutination (PTHA) test (Rath-
lev, 1967), the TPI test has remained the specific
serological " arbiter " procedure for all other sero-
logical tests used in treponematoses. With the TPI
test-and within certain limits also the other trepo-
nemal tests-a diagnosis of latent syphilis can now
be established with great certainty. In medical and
public health practice this is of importance, since in
many countries a large number of clinically asympto-
matic reagin seroreactors are found each year by
routine serological screening of various population
groups, in occupational and pre-employment health
programmes, during antenatal and premarital ex-
aminations, and as a result of screening of blood
donors, hospital populations, etc. However, in
reports published on the seroreactivity discovered in
such groups, those reagin seroreactors who have had
previous treatment for syphilis and those confirmed
by TPI or other treponemal tests in relation to
estimated duration of infection are seldom identified.
The prevalence of " true " latent syphilis-early or
late-cannot therefore be deduced. Nevertheless, on
the basis of screening data, it has been suggested
that latent syphilis has increased in some countries
in recent years (Curtis & Schuster, 1958; Rangiah,
1965; Danbolt, 1967). It has also been suggested
that this might be due to a modification of the
course of syphilis by the widespread use and misuse
of antibiotics that in subcurative dosages might

suppress early clinical symptoms of syphilis, prolong
symptom-free seroreactivity and give rise to an
increase in latent cases. In contrast, national statis-
tics in the USA indicate that reported early latent
cases have actually decreased in recent years, i.e.,
from 116 per 100 000 population in 1943 to 7.7 per
100 000 in 1969, despite the widespread "happen-
stance " use of penicillin (Danehower & Schamberg,
1963). Indeed, in the USA since 1962 fewer early
latent than primary and secondary cases of syphilis
together have been reported (US Department of
Health, Education and Welfare, 1969). It has been
emphasized that this trend could mean that an
increasingly large proportion of syphilis cases has
been detected and adequately treated in the infectious
and symptomatic stage as a result of a nationwide
organized syphilis control programme (American
Social Health Association, 1969).
The Boeck-Bruusgaard-Gjestland data and other

evidence show that about 60% of untreated latent
syphilis cases continue an asymptomatic course, or
may eventuate in spontaneous cure. An all-impor-
tant objective of therapy of latent syphilis is therefore
to prevent complications arising later in life in the
remainder of cases. A second objective is to prevent
transmission of the infection from a pregnant
syphilitic mother to the foetus in utero (congenital
syphilis). Such treatment in women with latent
syphilis is referred to in the section on maternal and
congenital syphilis. It should be emphasized that
pregnant syphilitic women may give birth to a
syphilitic child even after many years of asymptoma-
tic seroreactivity when the disease is generally con-
sidered to be non-infectious. The aim of therapy of
early latent syphilis is to prevent infectious relapses.
In this stage the infection is treated and managed as
early symptomatic syphilis, as already discussed.
The tendency to infectious relapses recedes with
time during the first 2 years of the infection. After
4 years it has been replaced by the tendency for late
systemic complications to occur. Post-treatment
control of latent syphilis is mostly based on clinical
and laboratory observations with particular reference
to: (a) possible gummatous processes; (b) involve-
ment of the cardiovascular system, by additional
radiological examination; (c) the nervous system, by
additional spinal fluid examination (Lomholdt,
1936); and (d) the examination of babies born to
mothers with latent disease (Danbolt, 1960; Ebner &
Raab, 1965).
The prognosis as to the serological outcome of

asymptomatic_latent syphilis treated with penicillin
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depends on the immunological state of the patient.
The latter is a function of the duration of the infec-
tion. If treatment is commenced during the first half
of early latency-that is within 2 years of the infec-
tion-serological nonreactivity to reagin tests may
be expected eventually, as in early symptomatic
syphilis of similar duration (Nicholas & Beerman,
1967). With increasing duration of the infection
before treatment begins, the regression of sero-
reactivity is slower. For example, if treatment is
commenced in late latency only 20-30% of diagnosed
patients can be expected to achieve reagin non-
reactivity 5 years after treatment. Even fewer will
show nonreactivity to treponemal antibody tests,
i.e., the TPI test (Fiumara, 1964; Hederstedt & Skog,
1964) and particularly the FTA test (Petzoldt, 1964;
Petzoldt & Tupath-Barniske, 1965). Substantial
dosages of penicillin do not improve the serological
responses when treatment has been commenced in
late latency. There is an association between the
duration of infection and the pattern of the TPI
response (Takenouchi, 1959; Hederstedt & Skog,
1964; Ebner & Raab, 1965). Moreover, those with
high TPI titres tend to remain seroreactive, although
the few patients attaining low titres a year or so
after treatment may regress further to weak or
complete nonreactivity (Hederstedt & Skog, 1964).

Results of penicillin treatment of late latent syphilis
The results of treatment of late latent syphilis

published in the available medical literature are
summarized in Table 5. In 469 patients followed for
up to 12 years, spinal fluid findings continued to be
normal and no evidence of cardiovascular syphilis
was reported. From 120% to 77% of the patients in
different series showed serological reagin non-
reactivity. Dosage schedules varied from 3 to 15
million IU of penicillin. One investigator (Take-
nouchi, 1959) found no difference in results whether
3 or 12 million IU of penicillin were used. Another
group (Bolgert & Poisson, 1965) added bismuth to
penicillin and considered that penicillin therapy was
inferior to metal therapy. No valid data are fur-
nished to substantiate this view. Progression from
late latent to late symptomatic syphilis was prevented
in all reported cases. Generally, the outcome was
considered very satisfactory.

LATE SYMPTOMATIC SYPHILIS

Treatment and other aspects of benign tertiary
syphilis, cardiovascular syphilis and neurosyphilis

are, as far as possible, considered separately. For
several reasons, however, we have sometimes
preferred to discuss the occurrence and incidence of
these conditions in terms of late syphilis (symptoma-
tic) regardless of subclassification, since morbidity
data are often reported under this common heading
in national morbidity statistics. It also appears
justified to consider the preventive aspects jointly.

Trends
A marked decline in late syphilis has taken place

since the 1940s. This trend has been noted in several
countries despite the experience of the metal therapy
era that an increase in late complications might be
expected 10-20 years after high incidence peaks of
the early disease. The prevention by penicillin of a
post-epidemic wave of late manifestations after the
Second World War is probably one of the great
medical contributions to public health during the
last 20 years (Perdrup, 1964). That penicillin treat-
ment of the early disease appears to have been able
to prevent a serious development of this nature
must be attributed to the antibiotic's effectiveness
(Aggerbeck, 1949), the facility with which adequate
therapy could be provided, and the fact that peni-
cillin treatment could be completed in a single or
a few injections within a short period of time. This
last feature is in contrast to the years-long multiple
injection procedure necessary in the metal era, which
resulted in a backlog of inadequately treated
defaulters who were candidates for late syphilitic
manifestations in addition to untreated persons.
Thus in the penicillin era the candidates for complica-
tions are more numerous among those with pre-
viously undiagnosed infections than among those
inadequately treated.
The long-term prevention of late syphilis is mani-

fest in countries where penicillin alone has dominated
the treatment of early syphilis as well as in countries
where physicians have preferred to add metals to
the penicillin therapy. Examples of the first group
include Canada, Poland, the United Kingdom, the
USA, and the Scandinavian countries. In the USA
the rate of late symptomatic and late latent syphilis
per 100 000 population was 153.9 in 1941 and 29.5
in 1969 (US Department of Health, Education and
Welfare, 1969). In Canada the rates of reported
cardiovascular syphilis and of neurosyphilis were
0.7 and 1.3 per 100000 in 1958 and 0.1 and 0.4
in 1969 (Canada, Department of National Health
and Welfare, 1964, 1969); in England and Wales the
corresponding figures in 1950 were 1.4 and 2.1,
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Table 7. Results of penicillin treatment of

Number of ~~~~~~~Total OutcomeNumber of Penicillin preparation used dosage
cases (million IU) Clinical Serological

17 aqueous penicillin (undefined) 10.0 satisfactory 2.5% nonreactive

50 aqueous penicillin G 1.2-9.6 satisfactory nra

111 aqueous (undefined) or approx. 5 satisfactory not significantly influenced
procaine penicillin

24 initial Hg; aqueous penicillin 3.0-15.0 favourable nr

21 aqueous penicillin G 2.0-6.0 symptoms improved nr

19 aqueous penicillin G 4 no better results than with metal nr
therapy

43 nr 6.0-11 no progression nr
(uncomplic.

aortitis)

178 aqueous penicillin; POB; 6.0-11 63% showed improvement; death nr
(complic. aortitis) in a few cases PAM rate 21%

13 aqueous penicillin G 20.0 10 leading normal lives; 3 deaths persistent
(aneurism)

244 aqueous penicillin (undefined) >4.0 duration of life considerably pro- Wassermann reaction persistent
(aortic incompe- longed by all schedules in 75%

tence)

115 aqueous penicillin 10.0-15.0 disappointing 7 patients nonreactive
(aortic)

6 procaine penicillin, aqueous 10.2-12 satisfactory decline of titre in 30%

112 procaine penicillin, aqueous 3.2-9.8 60% improved decline of titre in 21 cases

215 aqueous penicillin (undefined) 6.0-12.0 highly effective treponemal test remained reactive
(various) + bismuth and iodine in 75%

a Not reported.

against 0.4 and 0.6 in 1965 (United Kingdom, 1966).
Similar observations have been made in Poland
(Towpik&Nowakowska, 1970). In the Scandinavian
countries late syphilis has become rare (Perdrup,
1964; personal communication, 1969). In Belgium,
similarly, late symptomatic syphilis has become
uncommon (Lapiere & Dewart, 1964). This is in
contrast to the many cases of late syphilis observed
after the incidence peak of early syphilis in 1919-23
when metal therapy was in use. In Romania neuro-
syphilis had in 1967 decreased to one-ninth of its
1944 level (Cinca et al., 1969).
In France, where metal therapy was added to

penicillin, data show a rate of 0.64% cardiovascular
syphilis among all hospital patients between 1945
and 1948 as against*0.15-0.23% between 1951 and
1962, while an average of 34 cases of neurosyphilis
was diagnosed each year between 1930 and 1938;
less than half this number on the average was

diagnosed each year between 1954 and 1966 (Huriez
& Agache, 1966). In the USSR, autopsy data during
the last 20 years have shown a continuous decline in
pathological changes in internal organs due to
syphilis (Lipmanovich, 1962). A clinical study
showed a fall in cardiovascular diseases between 1946
and 1958 (Zlatkina, 1966). In the Federal Republic
of Germany, autopsy data showed 2.9% late
manifestations of syphilis between 1945 and 1949,
falling to 1.7% during the period 1960-64 (Fromm &
Klug, 1967).
At the request of members of the WHO Expert

Panel on Venereal Infections and Treponematoses,
an inquiry was undertaken (1960-65) into the fre-
quency of diagnosis of late syphilis at leading uni-
versity hospital clinics in 9 countries. Table 11 shows
that the number of cases in 1965 was markedly fewer
than in 1960. Moreover, it is notable that on diag-
nosis these patients had either no history of previous
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11 68'patients with cardiovascular syphilis

Remarks Reactions to treatment Follow-up Source

as effective as metals none 3 years Huriez & Dujardin (1949)

valuable 7 (treatment not interrupted) nr Edeiken et al. (1949)

marked advance in treatment of cardiovascular well tolerated 3-38 months Stokes et al. (1951)
syphilis

insignificant; 1 fatal, not due to 3 months Lian et al. (1951)
penicillin

no harmful effect 1-51 months Wheeler & Curtis (1951)

suggest optional penicillin dosage 9.0 mil- nr 85 months Johnson et al. (1954)
lion IU

- none %-5 years Eisenberg & Brandfonbrener
(1 953a)

30% also had neurosyphilis none %-6 years Eisenberg & Brandfonbrener
(1 953b)

- 2 patients Herxheimer reaction; 20-74 months Ward & Read (1959)
treatment continued

as yet unjustified to rely on penicillin alone, nr nr Leonard & Smith (1957)
although easier and safer to administer

11 reactions (6 fatal) nr Perrin & Aimard (1962)

penicillin drug of choice insignificant 3-12 years Hellerstrcm E Skog (1962)

better results than previous treatment methods aggravation of symptoms in 2 5+ years Koulumies & Hei nivaara (1957)
cases

prognosis of complicated aortitis forms not none 10+ years Frishman (1967)
as unfavourable as sometimes reported

antisyphilitic treatment or had experienced some
metal therapy; none had been treated with peni-
cillin. A survey in the USA of 165 military veterans
with aortic insufficiency showed that they had had
very little or no previous specific therapy for their
early syphilitic infection (Friedman, 1969). This
aspect was convincingly brought out in France
(Huriez & Agache, 1966) where after 18 years of
penicillin therapy of primary and secondary syphilis
no case of benign late complications had been
observed. This has also been emphasized in Den-
mark (Perdrup, personal communication, 1969),
where among 550 patients with latent and late
symptomatic syphilis diagnosed at a large hospital
in Copenhagen, no patient had previously been
treated adequately with penicillin for early syphilis
or for latency. Similar observations have been made
in Finland (Aho et al., 1969). Moreover, among the
8 819 patients included in the present study material

on late syphilis (Tables 5-10), this diagnosis applied
solely to persons who had previously either not been
treated at all or received inadequate metal therapy
for their syphilitic infection; none had been treated
with penicillin prior to diagnosis.

In the treatment of late symptomatic syphilis,
penicillin alone has become the drug of choice in
most countries, for example the USA (Sinclaire &
Webster, 1951; Beerman, 1960; US Department of
Health, Education and Welfare, 1968), the United
Kingdom (King & Nicol, 1964; Willcox, 1964a), the
Scandinavian countries (Danbolt, 1960; Hellerstrom
& Skog, 1962; Perdrup, 1964), the Federal Republic
of Germany (Marchionini, 1964; Braun-Falco &
Petzoldt, 1970), Switzerland (Miescher & Brenn,
1952), and in some clinics in the USSR (Grobulev,
1966). In France also penicillin is the principal
therapeutic agent in late complications (Durel, 1963),
and penicillin alone is preferred by many investiga-
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Table 8. Results of penicillin treatment of,

Number of cases Penicillin preparation used Total dosage Outcome
(millionIU) ~~Clinical Serological

53 cryst. penicillin G 10 satisfactory 2.5% nonreactive
(various)

29 aqueous or oily penicillin 4.3-20.0 hope for arrest of process in 100% "serological cure" in
(various) some cases

388 aqueous penicillin 2.0-9.0 satisfactory nra
(various)

298 amorph. penicillin 2.4-3.0 satisfactory 50% nonreactive
(asympt.) penicillin in oil and wax 6.0-9.0

207 penicillin (undefined) 40.-6.0 most satisfactory in general paresis; general decline of
(various) return to normal according to damage titres (reagin tests)

at diagnosis

603 aqueous or long-acting penicillin G 1.2-10.0 satisfactory nr
(various)

380 aqueous penicillin + malaria in 4.0 failure rate 6% nonreactivity 17%
(various) some cases

619 penicillin in oil and wax 10.0 satisfactory percentage reagin titres declined
(parenchym. forms)

438 various penicillin preparations 2.0-9.0 favourable compared to malaria nr
(114 asympt.) treatment

112 aqueous penicillin >4.8 satisfactory nr
(asympt.)

589 aqueous procaine penicillin; 100 2.5-20.0 satisfactory nr
(various) patients + malaria

365 penicillin (undefined) 1 16 patients; 3.0-9.0 satisfactory, " gratifying" nr
(parenchym. forms) + malaria 249 patients

70 aqueous or long-acting penicillin; 2.0-14.4 in 15 patients persistent symptoms, nr
(various; in some cases, addition of metal or otherwise improvement

35 previously some malaria
metal treatment)

254 procaine penicillin; long-acting >20 good effect nr
(various) penicillin

a Not reported.

tors (Pautrat & Wilhelm, 1966). Additional metals
are used by some, partly as adjuvants (Degos, 1968),
partly as pretreatment, in order to weaken a possible
Jarisch-Herxheimer reaction or therapeutic paradox
(Gamier, 1963; Nick et al., 1963; Huriez et al., 1964;
Bolgert & Poisson, 1965; Huriez & Vanoverschelde,
1965), against which corticosteroids have been
reported to exert some clinical effect (Arfouilloux,
1969).
In the majority of cases of late symptomatic

syphilis, penicillin treatment will arrest a patho-
logical process that may progress if not treated.
The prognosis for clinical cure depends on the extent

of tissue damage at the beginning of the treatment
(Koulumies & Heinivaara, 1957). The earlier the
treatment, the better is the prognosis for restitutio
ad integrum. The duration of the infection when
treatment begins is as significant in late as in early
syphilis. For example, penicillin treatment of non-
complicated aortitis and asymptomatic neurosyphilis
yields excellent results (Sinclaire & Webster, 1951;
Webster, 1960; Perdrup, 1964; Willcox, 1964a;
Vivas Salas, 1966; Frishman, 1967). This emphasizes
the importance of careful clinical examination of
patients wbo appear to have latent syphilis. Also,
an examination of the spinal fluid and the cardio-
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6 902 patients with neurosyphilis, 1949-1956

Outcome
Remarks Side reactions Follow-up Source

Spinal fluid

normal cell count 85% as effective as metal none 3 years Huriez & Dujardin (1949)

normal in 80%, tabes superior to other forms of treat- nr up to 5 years Stokes et al. (1949)
normal in 53%, paresis ment; no improvement by

dosages over 9 million IU

4% failures incl. retreatments short observation period does nr 6-56 months Dattner (1949)
not allow final conclusions

10.1% failures none up to 4 years Nichols & Heyman (1949)

normal within 3-6 months (ex- penicillin at 4.0-6.0 million IU none nr Callaway et al. (19501
cept Wassermann test) is effective in all forms of neuro-

syphilis

rapid response within 1 year; optimal dosage 5 million IU none up to 7 years Ingraham et al. (1950)
relapses 5%

5 patients "failures"; retreated no significant difference bet- not significant 1-3+ years Curtis et al. (1950)
with improv. ween penicillin and penicillin+

malaria

satisfactory nr 6-18 months Johnwick (1950)

inactive in 91% nr %-6 years Dattner et al. (1951)

102 patients normal or inactive penicillin treatment superior to none nr Ford et al. (1951)
within 6 months; failure rate other treatments; optimal do-
8.9% sage 9 million IU

1.25% relapse for penicillin penicillin alone drug of choice; deleterious effects 19.5-21.5 Hahn et al. (1951)
group; 0.93% relapse for peni- adding of malaria no advantage rare months
cillin + malaria group

60-71% normal, some persis- penicillin alone as effective as nr average 4 years Perlo et al. (1951)
tent serological reactions penicillin + malaria

84% normal or improved, none no advantage by adding metal 5 patients Herx- 1-4 years Miescher & Brenn (1952)
worse or malaria heimer reaction

(treatment cont.)

good response, Dattner- add malaria only in refractory nr 5 years Orban & Lazarovits (1956)
Thomas formula cases

vascular system (by X-ray) should be made when
less characteristic neurological or cardiovascular
symptoms occur for the first time in adults (Wetherill
et al., 1965). Apart from the actual pathological
state of the affected organs, the prognosis of peni-
cillin-treated aL- complications depends to a great
extent on non-specific medical treatment and care,
as well as on individual and social situations, e.g.,
age, sex, race, way of living, and occupational and
behavioural patterns. These aspects are rarely con-
sidered in attempts at clinical and statistical evalua-
tions of the outcome of treatment of late syphilitic
complications, as has been particularly emphasized

by early US investigators (Denson et al., 1952;
Webster et al., 1953).
The serological outcome after treatment of

asymptomatic syphilis, as reported in the medical
literature, generally follows the pattern of persistent
reactivity or slow regression. In most instances in
the present study material untoward reactions to
penicillin were very few, so that treatment was able
to continue without interruption.

Results ofpenicillin treatment oflate "benign" syphilis
Early clinical trials showed that late syphilitic

manifestations of the skin, mucous membranes, and
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Table 9. Results of penicillin treatment of

Number of cases Penicillin preparation used Total dosage COutcome Serological

146 penicillin (undefined) + 2-5 4.0-36.0 9 complete recovery nra
(various) courses metal 34 no effect

76 penicillin (undefined) 6.0-12.0 nr nr
(various)

1086 aqueous penicillin, procaine peni- 0.6-9.9 satisfactory nr
(general paresis) cillin, penicillin in oil and wax

416 penicillin (undefined); in some 10.0 satisfactory; progress arrested in nr
(various) cases add. malaria 50% of patients with general paresis

230 procaine penicillin 8.0-10.0 improvement approx. 50% nr
(various)

35 penicillin (undefined) repeated 1-3 30.0 inferior to results of combined peni- no better than metal
times if persist. spinal fluid cillin (or metals) and fever therapy

23 no progression
(asympt.)

procaine penicillin 10.2 15% nonreactive
11 satisfactory in 8 patients

(sympt.)

196 penicillin (undefined) 12.0 satisfactory general decline of titres
(various)

24 benzathine penicillin 4.8 satisfactory nr

254 before 1959: penicillin (undefined) 9.0-12.0 satisfactory, according to stage at nr
(various) after 1959: "depot" penicillin, in diagnosis

6 cases comb. with fever 20.0-40.0

a Not reported.

bones reacted well to treatment with penicillin.
Table 6 shows the results of treatment in 70 cases of
late benign syphilis (including gumma) followed for
1-3 years. None had previously received penicillin
treatment for syphilis. Treatment schedules varied
from 0.3 to 10 million IU of penicillin. Information
on spinal fluid findings and cardiovascular examina-
tions was not given, but treatment results were
considered highly satisfactory. Penicillin treatment
of gumma of internal organs and syphilis of the
liver and spleen has also shown good results
(Perdrup, 1968). The healing of gumma is usually
slow and may take several months, depending on the
infiltration and the extent of tissue destruction.

Treatment schedules in late benign syphilis are
similar to those in late latent syphilis (see Table 5).
It has been shown that about 20% of patients with
late benign syphilis also have other forms of the
disease (Stokes et al., 1944) and that late benign

syphilis may precede or accompany neurosyphilis or
cardiovascular involvement in 12-15% (Gjestland,
1955). Careful physical examination as well as
examination of spinal fluid and the cardiovascular
system is therefore necessary before treatment.

Results ofpenicillin treatment ofcardiovascular syphilis
In cardiovascular syphilis irreversible damage may

already have occurred prior to treatment. Functional
or other damage (e.g., as a result of scar formation)
may sometimes progress following arrest of the
active syphilitic process by treatment. This should
be considered in the prognosis, for example, of
aortitis with aortic regurgitation. Deaths have
exceptionally been attributed to therapeutic paradox
following penicillin treatment of such cardiovascular
complications. However, sudden deaths may also
occur without treatment. Thus, narrowing of the
orifice of the coronary arteries was found in 25-50%
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5 902 patients with neurosyphilis, 1957-1968

Outcome
Remarks Side reactions Follow-up Source

Spinal fluid

asympt., normal 89% satisfactory nr nr Zolkiewicz-Rodziewicz &
tabes, normal 68.7% Rodziewicz (1957)

abnormal spinal fluid very rare speediest reversal in asympt. nr 4-4 years Tempski et al. (1957)
after 2 years neurosyphilis

remission or improvement in no difference in results with 14.9% insignif. 3 months- Hahn et al. (1959)
98.5% penicillin alone and penicillin + reactions 10 years

malaria; 6.0 million IU ample
dose

satisfactory responses except in life expectancy not shortened none average Kalz & Scott (1958)
3 cases (tabes) as compared to that after me- 15 years

tal-malaria treatment

remission in 80% - nr 2-8 months Orlando (1960)

55% normal, 35% improved somewhat inferior to penicillin none? nr Huriez et al. (1962)
+ metals; somewhat superior
to metals

normal in 15 patients; persist.
STS in 8 patients.

drug of choice also in late none 3-12 years Hellerstrom & Skog (1 962)
satisfactory syphilis

satisfactory no failures insignif. 4 years Boczar E Bittner-
Konturkowa (1962)

2 failures 9.5% failure rate (to be expected none 1-2+ years Short et al. (1966)
from the best treatment sche-
dule)

no relapses after 10 years' ob- penicillin drug of choice; add insignif. 5-18 years Schubert (1968)
servation fever only in tabes when clinical

progression observed

of autopsied cases (Clawson & Bell, 1927; Venzini,
1939).
The study material in Table 7 should be viewed in

the light of the above considerations. The table
comprises 1168 cases of cardiovascular syphilis
treated with penicillin followed by 13 investigators
for up to 10 years after the diagnosis. In most
instances the clinical outcome was " satisfactory " or
treatment was considered " highly effective ". In one
series, the investigators (Perrin & Aimard, 1962)
found the results in 17 patients " disappointing ",
ascribing 6 fatalities in 115 cases of aortitis to
penicillin side-reactions (Jarisch-Herxheimer), such
a reaction being fatal also in one other instance
(Lian et al., 1951). Details of these reactions were
not recorded. On the other hand death rates of 5%
in 43 cases of uncomplicated aortitis, 21% in
178 cases of complicated aortitis, and 4.2% in
13 cases of aneurism were reported in 3 follow-up

investigations (Eisenberg & Brandfonbrener, 1953a,
1953b; Ward& Read, 1959). The serological observa-
tions in follow-up examinations showed improve-
ment in some instances but were mostly unaltered or
not stated. In another series, 56 cases were described
by Vivas Salas (1966) after a follow-up period of
10 years. In one case there were signs of syphilitic
activity (in the cerebrospinal fluid) and 5 patients
developed aortic regurgitation considered to be a
result of therapeutic paradox.

Results ofpenicillin treatment of neurosyphilis
It was emphasized earlier that, because of the

different criteria and laboratory procedures used,
comparative assessment of different treatment sched-
ules and methods in late syphilis is often of limited
value. However, progression to clinical neuro-
syphilis after treatment of asymptomatic neuro-
syphilis can to a considerable extent be followed,
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since the results of therapy are usually reflected in
spinal fluid changes in addition to the clinical
functional improvement, which cannot be quantified
(Dattner et al., 1944). Thus Hahn et al. (1956)
observed 765 patients with asymptomatic neuro-
syphilis treated with 2.4-9 million IU of penicillin
without metals and compared the results to those in
467 patients subjected to metal chemotherapy with-
out penicillin. Progression had practically ceased
after the third year of observation following penicillin
therapy, but continued to occur after metal chemo-
therapy. On the other hand irreversible brain dam-
age before treatment may sometimes progress,
although the active syphilitic process has been
arrested, and this should be considered in follow-up
assessments (Wilner & Brody, 1968).
Recent investigations show that after treatment

the IgM immunoglobulin of the spinal fluid decreases
more rapidly than the IgG component. Quantifica-
tion of the immunoglobulins may thus help in
assessing the activity in neurosyphilis (Oxelius et al.,
1969).
Malaria therapy, alone or combined with penicillin

and metal therapy, is now seldom used in tabes
and general paresis (Willcox, 1964a). Exceptionally,
some (e.g., Rangiah, personal communication, 1969)
continue to use it when contraindications do not
exist. Investigations have shown that penicillin
penetrates the blood-brain barrier more readily in
patients with artificially produced fever (Dewhurst
& Todd, 1965). It cannot therefore be excluded that
fever therapy in addition to penicillin may deserve
consideration in unusual cases of neurosyphilis.
That the level of penicillin in the spinal fluid after
penicillin administration can be considerably lower
than that in the serum (Collart, 1965) may also
support this view. Finally, corticosteroids may have
a beneficial effect in addition to penicillins in
particular cases of neurosyphilis, e.g., in those with
gastric crises and lightning pains of tabes dorsalis
(Froment & Perrin, 1959).
The study material in Tables 8 and 9 concerning

the outcome of treatment of neurosyphilis should be
viewed in the light of the above. The tables cover
6 902 cases of neurosyphilis diagnosed in 24 studies

C and followed for up to 12 years. As would be
0° expected, owing to differences in patient composi-

tion, diagnoses and treatment procedures, the differ-
0Z ent investigations cannot be directly compared.

Nevertheless, the clinical follow-up and spinal fluid
findings are mostly " satisfactory " or " normal " and
the results generally good. In all patients, the sero-
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Table 1 1. WHO study of cardiovascular syphilis: patients with neurosyphilis and other a late syphilis reported from
17 clinics in 9 countries, 1960-1965

Year
Country Systemic involvement Clinics and nvestigators

1960 1961 1962 1963 1964 1965

Belgium cardiovascular syphilis 3 0 0 0 1 3 Clinique dermatologique de l'Universit6 de
neurosyphilis 2 1 3 1 2 1 Liege (Professor S. Lapibre)
other 4 8 3 1 2 6
total 9 9 6 2 5 10

Denmark cardiovascular syphilis 8 4 13 15 22 12 Statens Seruminstitutet, Copenhagen
neurosyphilis 6 5 14 17 22 12 (Dr H. Aa. Nielsen)
other 13 6 10 5 1 6
total 27 15 37 37 45 30

Ecuador cardiovascular syphilis 11 5 2 5 6 4 Divisi6n nacional de Epidemiologla, Guayaquil
neurosyphilis 30 15 49 41 25 3 (Dr F. A. Campodonico)
other 81 15 49 41 25 17
total 122 35 100 87 56 24

Finland cardiovascular syphilis 3 1 3 1 3 1 Department of Dermatology and Venereology,
neurosyphilis 13 6 3 9 10 5 University of Helsinki (Professor T. Putkonen)
other 1 0 2 0 1 1
total 17 7 8 10 14 7

Norway cardiovascular syphilis 0 0 0 0 0 0 Department of Dermatology, University Hos-
neurosyphilis 6 4 2 1 1 2 pital, Oslo (Professor N. Danbolt)
other 2 4 0 1 0 1
total 8 8 2 2 1 3

Poland cardiovascular syphilis 180 147 156 126 111 123 Warsaw VD Centre (Prof. J. Towpik)
neurosyphilis 435 299 329 206 204 209 Polska Akademia Nauk (Dr M. Metzger)
other 158 157 127 93 125 124 Clinic for Internal Dis., Wroclaw
total 773 603 612 425 440 456 (Dr E. Szczeklik)

Neurol. Clinic, Wroclaw (Prof. R. Arend)
Clinic for Internal Dis., Wroclaw (Prof. A.
Falkiewicz)
Derm. Clinic, Krakowie (Prof. K. Lejman)

Sweden cardiovascular syphilis 0 1 0 0 1 b 0 Karolinska Sjukhuset, Stockholm
neurosyphilis 6 1 1 1 1 b 0 (Professor S. Hellerstrom)
other 0 0 0 0 0 0
total 6 2 1 1 1 0

Switzerland cardiovascular syphilis 0 1 0 0 0 0 Stadt. Poliklinik, Zurich
neurosyphilis 0 0 0 0 0 1 (Professor W. Burckhardt)
other 0 0 0 0 0 0
total 0 1 0 0 0 1

United cardiovascular syphilis 4 4 6 3 1 . 7 Royal Free Hospital, University of London
Kingdom neurosyphilis 11 7 6 7 10 6 (Prof. K. H. Hill)

other 77 81 66 33 29 31 St. Mary's Hospital, London
total 92 92 78 43 40 44 (Dr R. R. Willcox)

a Including benign and tertiary syphilis, various rare forms of visceral syphilis, ophthalmological and otolological manifestations, etc.
b Same patient.

logical pattern was generally one of persistent 35 patients followed over an unidentified period of
reactivity. The side reactions to penicillin were few time.
and not significant. One group of investigators In primary optic atrophy (Table 10) the degenera-
(Huriez et al., 1962) expressed the opinion-without tive changes are progressive and irreversible. With-
further qualification-that the results with penicillin out treatment, blindness is the final and invariable
were inferior to metal and malaria therapy in outcome (Perdrup, 1964). Treatment may halt
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progression, but damaged tissue cannot be restored
(Segal et al., 1960). While the prognosis for arresting
the process following the former treatment with
arsenicals and bismuth was viewed with almost
complete pessimism (Moore, 1943), penicillin therapy
has changed this outlook to one of cautious optimism
(Thomas, 1949). Thus penicillin treatment applied in
cases with only slightly reduced vision led to satis-
factory therapeutic results in 50-60% of patients
(Dowzenko & Owsianowski, 1964). In this context
the importance of the non-toxicity of penicillin has
been emphasized, since arsenicals and heavy metals
have a marked toxic effect on optic nerve tissue
(Willcox, 1964a). Here also long-acting penicillin is
the drug of choice. Some investigators consider that
the dosages should be higher and the treatment more
prolonged than in neurosyphilis in general (Dowzen-
ko & Owsianowski, 1964).
A deteriorating effect on the optic nerve, possibly

resulting from inflammation and swelling arising
during Jarisch-Herxheimer reactions, or from a
" strangulating" healing process (therapeutic para-
dox), is sometimes feared in the penicillin treatment
of optic atrophy. In order not to delay penicillin
treatment by a prior course of bismuth, some
investigators combine penicillin injections with
corticosteroids in an endeavour to prevent or weaken
such a reaction (Segal et al., 1960; Willcox, 1964a).

Nonreactive serological reagin tests may be en-
countered in neurosyphilis, including primary optic
atrophy (Smith & Taylor, 1965). This can lead to
diagnostic errors resulting in seriously damaged
vision before the patient can benefit from the healing
effect of penicillin once a correct diagnosis is made.
This emphasizes the need for undertaking trepo-
nemal antigen tests (TPI, FTA) in doubtful ophthal-
mic cases in addition to general clinical examination
and functional examination of the eyes.

Table 10 summarizes 210 cases of optic atrophy
diagnosed by 5 investigators and followed for up to
9 years. The outcome was considered satisfactory
in 4 patient series totalling 177 cases, but " un-
favourable" in 20 out of 33 patients (Dowzenko &
Owsianowski, 1964).

SEROLOGICAL RESPONSE AFTER PENICILLIN
TREATMENT OF LATE SYPHILIS

Successful treatment of late syphilitic complica-
tions is usually followed by a slow decline in sero-
logical reagin titres. A persistent high reagin titre

or a continued rise in titre is interpreted as continued
activity of the infection, necessitating re-treatment
(Thomas, 1949; Durel et al., 1965; Wigfield, 1965;
Ehrmann, 1967). As in late latent syphilis, hardly
more than 20-30% of reagin seroreactors will have
become nonreactive 5 years after adequate peni-
cillin treatment of late symptomatic syphilis. Even
less nonreactivity will be reached in treponemal tests,
notably the TPI test (Hederstedt & Skog, 1964;
Petzoldt & Tupath-Barniske, 1965; Atwood et al.,
1968) but also in the FTA-ABS test (Forstrom &
Lassus, 1969). Attempts have been made to reverse
this trend, e.g., by prolonged courses of penicillin
treatment (Kern & Elste, 1966), by a combination
of penicillin and pyrotherapy (Pototsky, 1968), and
by the use of corticosteroids prior to penicillin
therapy (Ehrmann, 1967). There is no evidence to
suggest that such methods show clinical and sero-
logical results superior to those achieved by penicillin
alone. Only examination and observation over many
years is a safeguard against progression of sympto-
matic relapses. Despite persistent seroreactivity such
relapses develop rarely. This has in the past been
taken to mean that in the immunological state
characteristic of late syphilis lasting seroreactivity is
caused either by persistent antibody production
(" immunological memory ") or by persisting trepo-
nemes that exert antigenic activity, although in most
cases they appear to have lost their virulence
(Nicolau et al., 1969). This problem has attracted
renewed interest in connexion with recent findings.
The results of experimental investigations in

animals and in humans who are usually TPI-reactive
(Collart et al., 1962; Del Carpio, 1963; Collart &
Durel, 1964; Yobs et al., 1964, 1968; Bonicelli et al.,
1966; Collart et al., 1968; Mothershed et al., 1968;
Rice et al., 1970) have suggested that treponemes
may persist in dormant form in various tissues of
some patients after presumably adequate penicillin
treatment of late syphilis, and in a few instances
also after treatment of early syphilis (Bonicelli et al.,
1966; Yobs et al., 1968; Rice et al., 1970). " Trepo-
nemal forms " or similar structures have been found
in lymph nodes, spinal fluid, and liver. They have
also been found in the aqueous humor of patients
with various ophthalmological manifestations due to
syphilis (Smith & Israel, 1967, 1968; Smith &
Pesetsky, 1967; Christman et al., 1968; Smith et al.,
1968; Cager, 1969; Smith, 1970), including keratitis
in treated congenital syphilis (Goldman & Girard,
1967), but much less often in controls (Golden et al.,
1968). The process is usually unaccompanied by an
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inflammatory response (Smith et al., 1968). The
treponemal forms have been found in seroreactive
(TPI) as well as in nonreactive patients. Some
patients had been treated with very large-even
excessive-doses of penicillin in the past. Many had
received steroids in some form, which may alter the
tissue response to treponemes (Rice et al., 1970).
It has been suggested that treponemes could persist
in the central nervous system and the cerebral cortex
because of the blood-brain barrier preventing the
penetration of treponemicidal concentrations of
penicillin into the central nervous system (Smith,
1969).
There are several limitations to available labora-

tory methods for the identification of T. pallidum,
including the recent fluorescent staining techniques
(Edwards, 1962; Yobs et al., 1964; Wells & Smith,
1967), and in the case of the persistent treponemes
or treponeme-like forms referred to above much
discussion has arisen as to their true nature. Animal
infectivity tests have been carried out in only a few
instances to verify if the treponemal forms or
structures observed are T. pallidum (Turner et al.,
1969). Some of them are thought to be artefacts
(Wilkinson, 1968; Montenegro et al., 1969). Some
may conceivably be non-viable or modified T. palli-
dum. They could also be saprophytic indigenous
organisms. However, their antigenic activity or
immunological importance cannot be assessed at the

present stage of knowledge, and their precise clinical
importance is not apparent (WHO Scientific Group
on Treponematoses Research, 1970). In these
circumstances excessive doses of penicillin in the
treatment of late syphilis in an effort to achieve
TPI nonreactivity are not justified, since this result
cannot be expected whatever amount of penicillin is
used, and since increased dosage of penicillin has
not been shown to alter the prognosis (Collart et al.,
1964). No data are available invalidating the scientific
rationale for penicillin therapy as outlined in the
present study and careful long-term observation
after treatment continues to be the best justified
surveillance procedure in late syphilis in the present
stage of knowledge (Montpellier, 1968).
The observation of persistent treponemal forms or

structures should not be confused with possible
resistance to penicillin due to penicillinase- or
amidase-producing strains of T. pallidum. There is
no evidence that such strains have developed (WHO
Scientific Group on Treponematoses Research,
1970).

CONCLUSIONS

The opinion of almost all investigators is that
penicillin alone is generally to be preferred in all
types of late syphilis, although combined with addi-
tional treatment in some instances. Supporting
functional therapy and medical care are essential.

MATERNAL AND CONGENITAL SYPHILIS

PROPHYLACTIC TREATMENT

OF SYPHILMC PREGNANT WOMEN

Soon after the introduction of penicillin therapy
of syphilis, reports from the USA (Goodwin &
Moore, 1946; Ingraham, 1951) indicated excellent
results in maternal syphilis. Ingraham and Beerman
(1950) were able to summarize the experience gained
and conclude that penicillin was at least as effective
as complete courses of metal chemotherapy, that
it was much better tolerated by the mother and
the unborn child and, most important, that it could
be effectively given in preventive dosages late in
pregnancy when time was too short for metal
treatment to be effective. In most countries penicillin
treatment was soon to dominate this field. Follow-up
studies of infants after penicillin treatment of infected

mothers (Willcox, 1957; Bernheim & Gilly, 1959;
Brown & Moore, 1963) confirmed the expectations.
It was stated that after adequate penicillin treatment
of maternal syphilis a nonsyphilitic child would be
born in practically all instances (Bachurzewski, 1962;
Maly, 1962; Lindemayr, 1964; Desai, 1969;
Iwanowska et al., 1969). Unfortunately, it was also
suggested that it might not be necessary to follow up
the newborn babies (Nunziata et al., 1964).

Effective prophylaxis of congenital syphilis is a
matter of routine serological examination of all
pregnant mothers, followed by penicillin treatment
of those found to be infected and follow-up observa-
tion of their babies when born. Such syphilis control
activities should be undertaken in maternal and
child health programmes and should have a high
priority in developing as well as developed countries.


