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The medical profession of the USA has, throughout most of its history,
looked to Europe for leadership, and it is conscious of its great debt to
European medicine. This is especially true of workers on syphilis. British
and other European physicians have given unsurpassed clinical descriptions
of the many manifestations of the disease, furnished the diagnostic aid
of complement-fixation tests in syphilis, and introduced many of the agents
used in the treatment of syphilis. It was an American, J. F. Mahoney,
who first used penicillin to treat syphilis, but we owe the discovery of that
extraordinary antibiotic to Sir Alexander Fleming and Sir Howard Florey
in England.

During the late war, the USA had the great advantage of being able
to manufacture penicillin in large quantities and to conduct studies of its
effectiveness in syphilotherapy. As the result of large funds made available
by the National Research Council in the USA and later by the US Public
Health Service, it is probable that no previous studies of the effectiveness
of antisyphilitic treatment have been so well controlled, or had the benefit
of such prolonged follow-up observations on so many treated patients,
as in the series treated with penicillin in the USA. More than five years'
experience with this new antisyphilitic agent has accumulated, and more
than half a million patients with syphilis had been treated with penicillin
by October 1948.24 Many of the early studies were inconclusive and were
interpreted as unsatisfactory, partly because of the great variety of peni-
cillin preparations in use. Therefore, knowledge of the development of
penicillin products in the USA is necessary before the reported results
of its use in antisyphilitic therapy can be properly evaluated.

* The material incorporated in this article formed the basis for lectures by the author during visits to
Bulgaria, Czechoslovakia, Hungary, Italy and Yugoslavia, on the invitation of the respective health adminis-
trations of these countries and under the auspices of the World Health Organization. Lectures were delivered
at the Universities of Belgrade, Bratislava, Budapest, Naples, Palermo, Pecs, Rome and Sofia.-ED.
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1. PENICILLIN PREPARATIONS

The original preparations of penicillin were sodium, potassium or
calcium salts of amorphous penicillin. All these salts are very soluble in
water. In solution they are inactivated fairly rapidly at room temperature.
When injected intramuscularly in water or saline, the penicillin is rapidly
absorbed and then rapidly excreted through the kidneys. When doses
of 20,000 to 80,000 units are injected intramuscularly, a relatively high
blood-concentration of penicillin is found within about 30 minutes after
the injection, and within 2 to 3 hours no penicillin can be demonstrated
in the blood. During the years 1943 to 1945 the methods of growing the
mould from which penicillin is made, and the strains of mould used, changed
from time to time, and the various batches of amorphous penicillin manu-
factured during these years varied considerably in their relative content
of crystalline fractions F, G, X and K. Early in 1945, the amorphous
penicillin manufactured was found to contain larger amounts of penicillin
K than G and it was discovered that crystalline penicillin K was less effective
against gonorrhoea and syphilis than crystalline G. It was not until 1946
that the manufacturers began to make crystalline penicillin G in almost
pure form. There are still slight impurities, however, and crystalline peni-
cillin G is still marketed in units rather than grams and each batch has to
be bioassayed.

Because of the rapid absorption of aqueous solutions of sodium, potas-
sium and calcium salts of penicillin, by 1945 sodium or calcium penicillin
was being mixed with oil and beeswax to delay absorption, although
amorphous penicillin was still being used. In 1946 amorphous penicillin
was replaced by crystalline G in the oil and beeswax preparations. Follow-
ing a single injection of 300,000 units of penicillin in oil and beeswax,
the maximum blood-concentration of penicillin was found about 4 hours
after the injection, and penicillin could be demonstrated in the blood for
20 to 30 hours after the injection. The relatively slow absorption of peni-
cillin from the oil and beeswax preparations made it possible to maintain
continuous blood-concentrations of penicillin by means of single daily
injections instead of by multiple injections at 2- to 4-hour intervals as
was required with aqueous solutions.

Early in 1948 procaine penicillin was manufactured. The procaine
salt is relatively insoluble in both oil and water, and because of its slow
solubility the absorption of procaine penicillin is delayed. When mixed
with either oil or water, procaine penicillin is absorbed at much the same
rate as sodium or calcium penicillin in oil and beeswax. After a single
injection of 300,000 units of procaine penicillin G in oil or water, blood-
concentrations of penicillin can be demonstrated for 20 to 30 hours.

Within a few months after procaine penicillin G appeared on the market,
a still more slowly absorbed preparation became available for general
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use. It was found that, by adding 2% aluminium monostearate (a water-
repellent substance) to procaine penicillin G in oil, the absorption of peni-
cillin could be markedly delayed. Following a single injection of 300,000
units of procaine penicillin G in oil and 2% aluminium monostearate,
blood-concentrations of 0.03 or more units per ml. of blood could be
demonstrated for at least 96 hours in over 90% of cases and in some patients
blood-concentrations were demonstrated for 120 hours.23

FIG. 1. AVERAGE BLOOD-CONCENTRATION OF PENICILLIN - I
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Concentrations obtained with a single injection (300,000 units) of six repository penicillin prepara-
tions, using the Sarcina lutea cup plate method of assay.

A = sodium penicillin G in peanut oil with 4.8% (w/v) white beeswax
B = sodium penicillin G in peanut oil with 2% (w/v) aluminium monostearate
C = procaine penicillin G in oil
D = procaine penicillin G (large particle size) in peanut oil with 2% (w/v) aluminium monostearate
E = aluminium penicillin in peanut oil with 2% (w/v) aluminium monostearate
F = procaine penicillin G (fine particle size) in peanut oil with 2% (w/v) aluminium monostearate

Since the time-dose relationship of penicillin therapy is determined
largely by the rate of absorption of the preparation used, the discovery
of the aluminium monostearate preparations was a great advance.
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Obviously, unless high blood-concentrations of penicillin are desired,
daily injections of procaine penicillin in oil and aluminium monostearate
are unnecessary. It is true that both sodium and calcium penicillin in oil

FIG. 2. AVERAGE BLOOD-CONCENTRATION OF PENICILLIN - II
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and beeswax and procaine penicillin without the addition of aluminium
monostearate provide much higher blood-concentrations of penicillin than
the preparations with aluminium monostearate, but with injections of the
former preparations the peak blood-concentrations of penicillin are main-
tained for only a short time. In the treatment of syphilis there is no evidence
that a high, unsustained peak concentration of penicillin is more effective
than a lower, sustained level. From data collected by the US Central
Statistical Unit and from other data collected by the Bellevue Hospital,
New York, there is abundant evidence that 2,400,000 units of penicillin
in aqueous solution given in divided doses at 2- to 4-hour intervals over a
period of 72 days has produced as good therapeutic results in the treatment
of early syphilis as when double that amount was given over the same
period.9, 12, 19, 20

Possibly in some cases of syphilis high concentrations of penicillin in
the blood may be needed, but there is no question that the time during
which penicillin is active in the body-tissues is more important than the
height of the blood-concentrations. At least 4 days of penicillin activity
in the body-tissues are needed to cure a high percentage of cases of early
syphilis in human beings, and the optimum period of therapy, which at
present seems to be at least 15 days, still remains to be determined.

Demonstrable concentrations of penicillin can be maintained continu-
ously in the blood by giving single injections of only 300,000 units of
procaine penicillin in oil and aluminium monostearate at 4-day intervals.
When injections of 1,200,000 to 2,400,000 units are given, penicillin can
be demonstrated in the blood for 5 to 7 days.loa

In view of these findings, the use of procaine penicillin in oil and alu-
minium monostearate permits a variety of treatment schedules that is
impossible with other penicillin preparations. There has not been sufficient
time for the proper evaluation of antisyphilitic treatment with procaine
penicillin in oil and aluminium monostearate, but so far the results are very
encouraging. A recent report by Arnold1 suggests that a fairly high percent-
age of cases of early syphilis can be cured by a single injection of 300,000
units of this preparation. Such minimum therapy cannot be advised as
yet, but the public-health implication of Arnold's report should not be
underestimated, not only for the control of syphilis but also for other types
of spirochaetosis, such as yaws, where according to Rein 15 a single injection
of 300,000 units has proved successful.

2. RESULTS OF PENICILLIN THERAPY OF EARLY SYPHILIS
2.1 Statistical Results

When penicillin first became available for the treatment of syphilis it
was used largely for early cases. Thousands of patients in the USA have
been treated for early syphilis, on a research basis, with different schedules
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of penicillin therapy. The results of the follow-up observations of many
of these patients treated in over 20 clinics in the USA were reported to a
Central Statistical Unit at Johns Hopkins Hospital, Baltimore, Md. Varying
and, during the first two years, often subminimal total doses of penicillin
were used. The data on patients treated during the first two or three years
show that when less than 2,400,000 units of penicillin aqueous solution
were given in divided doses every 2 to 4 hours for 71 days, the results of
treatment were disappointing-cumulative failure-rates varying from 45%
to 25% having been reported for patients treated with 600,000 to 1,200,000
units in 7 1 days.2'

When at least 2,400,000 units of penicillin in aqueous solution were
given over a period of 7-1 days, the cumulative failure-rates of 2,975 patients
treated for early syphilis, and followed up for 15 months, were between
15 % and 20% as reported by the Central Statistical Unit,12 and similar
results were found at Bellevue Hospital, New York, for smaller but still
large groups of patients treated with total dosages of 2,400,000 to 4,800,000
units.

The results reported for treatment of early syphilis with daily injections
of 300,000 to 600,000 units of penicillin in oil and beeswax for 8 days were
much the same as when 2,400,000 units of penicillin in aqueous solution
were given in divided doses for 7-1 days.9' 12, 19, 20 The data indicate that
penicillin G was more effective than amorphous penicillin but the difference
between the results produced by the two preparations is not as striking as
might have been expected.

In contrast to the 15% to 20% retreatment rate reported by the Central
Statistical Unit are the findings of Arnold et al. 2 who reported retreatment
of only 17 patients in a series of 728 treated for primary and secondary
syphilis by a schedule of 40,000 units of aqueous penicillin every 2 hours
for 85 injections (71 days), a failure-rate of only 2.6% of patients followed
up for 6 to 30 months. Of the 17 retreated, 14 had both clinical and sero-
logical relapses and 3 showed a serological relapse only. In the group of
retreated patients no effort was made to distinguish between relapse and
reinfection.

But whether the retreatment rate is 20% or 200%, the fact remains that,
in hospitalized patients at least, treatment is completed in all cases. In
contrast, the percentage of patients completing treatment with any type
of reasonably safe arsenotherapy rarely approaches 100% and, in most
clinics of the USA where prolonged treatment was used, the percentage
of patients completing treatment was nearer 20. Thus, even if it should
be true that slightly better results are produced by ideal therapy with arseni-
cals and bismuth than with penicillin, the fact that the latter therapy
can be completed in almost all cases outweighs, from a public-health
point of view, any possible superior effectiveness of the older methods of
treatment.
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More recent reports of early syphilis treated with 300,000 to 600,000
units of penicillin G in oil and beeswax for 15 days are much less disap-
pointing than the results reported for only 8 days of treatment.

Various schedules of treatment with the very slowly absorbed prepara-
tion of procaine penicillin in oil and aluminium monostearate are now being
tried in the USA.a Schedules of treatment for early syphilis which call for
a single injection of 1,200,000 units of this preparation once a week for 1
to 4 weeks are now under investigation. Other schedules used in the USA
are injections of 600,000 units two or three times a week for 2 or 3 weeks.

Unfortunately, few data on the results of treatment with these schedules
are available as yet, since follow-up has been carried through for a short
time only. Such data as are available,'5 however, are very encouraging
and there are convincing reasons for procaine penicillin G in oil and
aluminium monostearate being now the preparation of choice in the treat-
ment not only of early syphilis but of all other types of syphilis.

By 15 February 1949, of 134 patients treated for early syphilis with
daily injections of 600,000 units of penicillin G in oil and beeswax for
15 days and followed up for 8 to 15 months at Bellevue Hospital,20 3 were
retreated because of new chancres at different sites from their original
ones (hence they were almost certain reinfections), and 2 were retreated
because of persistently high quantitative Kahn tests. Thus, even if the
probable reinfections are counted as failures, the cumulative failure-rate
for this series so far is under 5 %. Equally good results have been obtained
within the past 15 months by the clinics of the New York City Department
of Health 3 with daily injections of 300,000 units of penicillin G in oil
and beeswax for 16 days. Consequently it must be anticipated that future
reports of penicillin therapy of early syphilis will be far better than most
of those that have heretofore appeared.

2.2 Difficulties in Evaluating Penicillin Therapy of Early Syphilis

As previously mentioned, follow-up data on patients treated for early
syphilis with varying schedules of penicillin therapy reported to the Central
Statistical Unit came from over 20 clinics located throughout the USA.
Unfortunately, however, the clinics varied greatly in the number of patients
they were able to follow up for an extended period. Cumulative failure-
rates reported by the Central Statistical Unit are based on the number
of failures noted among the patients kept under observation. The rates
are computed by a somewhat complicated biostatistical analysis. When
large numbers of patients fail to report for follow-up examinations, the

a The popularity of these new preparations is illustrated by the fact that the greater proportion of the
penicillin currently produced in the USA was employed for the manufacture of this type of preparation.
The monostearate preparations have in fact replaced almost completely penicillin in oil and beeswax (POB),
the manufacture of which has been discontinued in the USA.
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cumulative failure-rate does not necessarily represent a true sample of the
entire series of treated patients. Nevertheless, the statistics reported by
the Central Statistical Unit are as accurate as is possible under the circum-
stances.

Of over 2,500 patients treated for early syphilis with penicillin on a
research basis at Bellevue Hospital, about 64% have been followed up
for 2 years or more, many having been under observation for over 4 years.20
Much of the data now available at the Central Statistical Unit on the
prolonged follow-up of patients treated for early syphilis came from
Bellevue Hospital, where cumulative failure-rates were similar to those
reported by the Central Statistical Unit. Another clinic in the USA which
has furnished a large proportion of the data now available in the Central
Statistical Unit is that of Schoch in Dallas, Texas. Both the Bellevue
Hospital patients and those of the Dallas clinic were over 70% negro.
This fact is of considerable importance because of the well-established
high rate of reinfection among poor negro patients. Many of them were
very promiscuous sexually and they were frequently reinfected by individuals
whom they had infected prior to their own treatment.

Since no attempt was made to differentiate between relapses and reinfec-
tions in computing cumulative failure-rates, the reported statistics on the
results of penicillin therapy of early syphilis are loaded with an unknown
number of reinfections. Both Schoch & Alexander 17 and the author had
the opportunity of examining and interviewing most of the patients who
had to be retreated in their respective services. Both investigators are
convinced that possibly over 50% of the retreatments were actually due to
reinfections rather than to relapses, because of the histories of known
sexual contacts by the retreated patients with infectious individuals, many
of whom had originally acquired syphilis from the retreated patients before
their first treatment.

Infectious syphilis in the USA was at its peak during the latter years
of, and immediately after, the second World War, and hence the oppor-
tunity for reinfection was greatest during those years.

Except for two recent articles from Bellevue Hospital,19' 20 no significant
reports of penicillin treatment of early syphilis during the past 18 months
had been published in the USA by 1 April 1949. Various material was
presented at the annual conference of the Syphilis Study Section of the
National Institutes of Health, Washington, D.C., 7-8 April 1949, and will
in time appear in print. When the results of penicillin therapy of early
syphilis during the past 21 years are published, they will almost certainly
be much more encouraging than previous reports. The incidence of reported
new cases of early syphilis in New York and in many other cities has dropped
markedly in the past 15 months (Rosenthal, personal communication).
Fewer probable reinfections are now seen at Bellevue Hospital than were
seen two years ago. This may be due in part to the lowered reservoir of
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infectious syphilis, but it can also be explained by the lowered case-load
under treatment, which has made it possible for the staff to devote more
time to educating patients about the danger of reinfection and how to
avoid it.

Having presented a brief overall picture of penicillin therapy of early
syphilis in the USA, it would appear pertinent to relate it to the serology
of syphilis.

3. SEROLOGICAL TESTS FOR SYPHILIS
As an introduction to these remarks it may be pertinent to recall the

fact that for some years there has been evidence of the need for improving
and standardizing serological tests for syphilis. This was recognized by
all the League of Nations laboratory conferences on the serodiagnosis
of syphilis. There have been two important developments since the last
conference, first, the recognition of the importance and value of quantitative
serological tests for syphilis, and secondly, the isolation of cardiolipin from
beef heart. With cardiolipin available in pure form it has been possible
to construct, with lecithin and cholesterol, chemically reproducible antigens.
The evidence to date indicates that with cardiolipin antigens it is possible
to reduce the incidence of false positive tests (Mahoney, J. F. et al., in
press) and there are certain other advantages to be gained by using the
purified substances.

By means of quantitative serological tests it is possible to measure
the level of reacting substances in the serum of syphilitic patients. In the
management of the individual patient this is extremely important. After
therapy, it is the decrease in reagin values from previous levels, not merely
its presence in the blood, that indicates the activity or arrest of the syphilitic
infection.

Quantitative serological tests for syphilis in both blood and spinal
fluid are performed by making serial tests of diluted specimens of the
serum and the spinal fluid, and the results are reported in units according
to the directions of the particular method used to indicate the reagin level
in the serum or spinal fluid.8 It should be stated that comparison of titres
is not feasible if different techniques are used, so that in terms of follow-up
of the patient the only basis for comparison is the same test performed in
the same laboratory or in other laboratories using similar standardized
methods. The most common tests used in the USA for quantitative deter-
minations are the flocculation tests, usually the Kahn test. The New York
State Department of Health Laboratory has devised a quantitative com-
plement-fixation test for syphilis which is determined not only by diluting
the serum but also by using varying amounts of complement and noting
the degree of haemolysis which occurs. Clinicians may find this test superior
to all others, but it is time-consuming and expensive. For these reasons it
is not likely to be adopted for routine use in many countries.
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However, regardless of whether flocculation or complement-fixation
tests are used, quantitative tests have now become essential in the follow-up
of treated patients in the USA. They afford very valuable information,
and in some cases they detect relapses which would be missed if qualitative
tests were used.

The aim of therapy for early, though not for late, syphilis is to achieve
complete seronegativity in both blood and spinal fluid. Positive serological
tests do not, however, become negative immediately following successful
rapid treatment of early syphilis. In the experience of the author, in the
follow-up of at least 4,000 patients treated rapidly for early syphilis with
either massive arsenotherapy or penicillin, about 80 % of successfully
treated seropositive primary cases became negative within 4 months, but
only 65 % of the cases successfully treated for secondary syphilis became
completely negative within 6 months.22 The additional 20% and 35%
respectively became completely seronegative in varying periods of 4 to
30 months after treatment. In practically all cases, however, the quantita-
tive tests were positive in dilutions of not more than 1 to 4 within 4 to
6 months after therapy. In general, the earlier in the course of the disease
the treatment was started, the more rapid was the fall in serological titre.
We found that retreatment of over 50 patients, who had low quantitative
tests 6 or more months after treatment, failed to hasten the reversal of the
tests to negative, and that, even without retreatment, the patients finally
became seronegative, unless they relapsed, in which case the titres showed
a marked rise from previous levels. Relatively low quantitative serologi-
cal tests are interpreted as positive tests in dilutions of not more than 1
to 4. Patients who still have low reagin titres more than 6 or 9 months
after rapid treatment of early syphilis should have spinal fluid examina-
tions. If the spinal fluid findings are normal, retreatment is unnecessary.

Most patients who relapsed following rapid treatment of early syphilis
developed new infectious early lesions. In the Bellevue Hospital service
about 20% of the relapses were discovered solely because of serological
relapse. Not infrequently serological relapse occurs before infectious
lesions are noted. Both serological and clinical relapses may occur before
or after the serological tests have become negative following treatment.
When the only evidence of relapse is a marked rise in the quantitative
tests from previous levels in patients who have not yet become seronegative,
the relapse would be missed unless quantitative tests were done.

Individuals vary greatly in the amount of reacting substance (reagin)
that is demonstrable in the blood-serum following a syphilitic infection.
There is no relationship between the amount of reagin formed before
treatment and the severity of the disease ; quantitative tests are of value
in a given patient only in relation to previous tests. 22

In general, the longer an individual has had syphilis, the more time
is required for serological tests to become negative after treatment. As
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long as the quantitative tests are falling and show no evidence of relapse,
it is usually safe to continue to observe patients without retreatment.
This has been shown by the continued observation of about 150 patients
treated rapidly for early syphilis by massive arsenotherapy at Bellevue
Hospital and now followed up for 6 to 9 years. All these patients finally
became seronegative but the tests remained slightly positive in all cases
for 9 months to 3 years. loa

TABLE I. SEROLOGICAL RESPONSE TO PENICILLIN THERAPY - I

Date Quantitative Kahn Wassermann Kahntitre units

31-1-46 2048 4 + 4 +
8-2-46 1024 4 + 4 +
9-3-46 128 4 + 4 +
11-4-46 16 4 + 4 +
9-5-46 2 2 + 2 +
17-6-46 0 negative negative
19-7-46 0 negative negative

The patient, with primary syphilis of two weeks' duration and secondary syphilis of a few days'
duration, was treated with 4,800,000 units of penicillin in 8 days, 1 February 1946 to 8 February 1946.
The patient showed monthly negative tests from 17 June 1946 thereafter to 19 February 1949.
Spinal fluid examinations were normal on 14 January 1947 and 11 January 1949.

TABLE II. SEROLOGICAL RESPONSE TO PENICILLIN THERAPY - II

Quantitative Kahn
titre units

2048
2048
256
128
64
32
32
32
32
16
16
16
8
8
4
8
4
8
8
3
3
3
3
3
3
3

Wassermann Kahn

4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
4 + 4 +
3 + 4 +
4 + 4 +
2 + 3 +
3 + 3 +
2 + 3 +
2 + 3 +
3 + 3 +

negative 3 +
negative 3 +

The patient, with secondary syphilis of three months' duration, was treated with 4,800,000 units
of penicillin in 8 days, 15 June 1946 to 22 June 1946. Spinal fluid examinations were normal on
6 February 1947, 19 February 1948 and 20 January 1949.

It should be mentioned that in certain patients transient rises in the
strength of the serological titre are observed which do not represent sero-

Date

14- 6-46
22- 6-46
20- 7-46
19- 8-46
19- 9-46
17-10-46
14-11 -46
12-12-46
9- 1-47
6- 2-47
6- 3-47
3- 4-47
1- 5-47

29- 5-47
26- 6-47
24- 7-47
26- 8-47
18- 9-47
13-11-47
11-12-47
15- 1-48
18- 3-48
15- 4-48
10- 6-48
30- 9-48
20- 1-49
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logical relapses or failures. In some cases of upper respiratory infections,
reactions to vaccination, etc., and in some patients in which no cause can
be demonstrated, transient increases in titre are seen which are completely
unrelated to syphilis. Technical factors in the laboratory, or errors such
as the wrong labelling of samples taken from the patient, may be responsible
for apparent increases in titre. It is therefore obvious that a patient should
not be retreated on the basis of a single specimen showing such a rise.

TABLE III. SEROLOGICAL RESPONSE TO PENICILLIN THERAPY AFTER FAILURE
OF INITIAL TREATMENT WITH 2,000,000 UNITS OF PENICILLIN

Blood Spinal fluid

Date E- n 0-B°BE coE'E coE EEc .-~

4-0co ac Cl ) co C) 0

__ _. _ _L _ ___

17- 4-44 4 + 4 + 4444b 25 + 100/3
16- 5-44 4 + _ 4 + - 3321 25 faint 98/3

1 ~~~~~~~~traces
May 1944 -treated with 2,000,000 units of penicillin

29- 5-44 - 100 4 + - 1221 21 0 15/3
31 - 7-44 - 84 4 + - 1110 12 0 2/3
21-11-44 _ 66 _ 9 50 c 18 0 7/3
22- 5-45 - 62 _ 27 107 27 0 70/3
4- 6-45 _ 62 _ 41 122 25 faint 332/3

traces

June 1945 -retreated with 8,000,000 units of penicillin

9- 7-45 - 53 27 102 24 + 41/3
11- 9-45 - 67 - 19 97 i 14 0 2/3
17-12-45 _ 44 - 15 58 16 0 1/3
11- 3-46 - 41 - 12 53 13 0 3/3
2- 7-46 _ 27 _ 10 45 16 0 2/3

28-10-46 - 33 - 8 55 13 0 1/3
25- 4-47 - 28 - 9 48 18 0 3/3
24-10-47 - 30 - 7 53 19 0 5/3

The patient, a negress, 26 years of age, had been previously treated with 30 injections of
neoarsphenamine and 34 injections of bismuth.

a The figures given represent the result of the cell count in chambers of 3 mm.3, such as the
Fuchs-Rosenthal chamber.

b The figures from 17-4-44 to 31-7-44 represent the readings of the first four tubes by the old
Lange colloidal gold test.

c The figures from 21-11-44 represent the sum of the readings in all ten tubes by the new Lange
colloidal gold test. The new test gives colour readings of from 0 to 20 in each tube instead of
0 to 5 as in the old test. The sum of the readings of all ten tubes for the new test should not
exceed 45 for a normal result.

All findings should be checked with another sample, and the clinical judge-
ment of the physician should be the responsible factor in determining the
course to follow.

Examples of the response of serological tests for syphilis following
rapid treatment are given in tables I-III.
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4. PENICILLIN THERAPY OF LATE SYPHILIS

Any type of therapy for late latent syphilis is difficult to evaluate
because, by definition, latent syphilis is asymptomatic and is diagnosed
solely by means of positive serological tests or by case-history. It has long
been a well-established fact that positive serological tests of patients treated
late in the course of the disease are seldom reversed to negative within
two years after beginning any known antisyphilitic treatment. In the
opinion of the author, the persistence of positive serological tests following
good antisyphilitic treatment does not necessarily mean, in late syphilis,
the persistence of foci of infection ; the author has given reasons for this
belief at some length in a recent book. 22 Whether or not this belief is
accepted, the fact remains that penicillin therapy of late latent syphilis
has not reversed positive serological tests to negative any more rapidly
than good treatment with other agents. So far, however, very few serolo-
gical relapses of patients treated for late latent syphilis have been reported.
By serological relapses in such cases is meant marked and sustained rises
in titres from previous levels in patients followed up with monthly examina-
tions following treatment.
A much more satisfactory proof of the efficacy of penicillin in the

treatment of late syphilis is found in the spinal fluid tests of patients treated
for late neurosyphilis than is possible in the case of patients treated for
late latent syphilis.

For the past year or more there has been a steadily increasing recognition
by both neurologists and syphilologists in the USA that penicillin therapy
is exceptionally effective in neurosyphilis.

There is still some disagreement as to the comparative value of malario-
therapy and penicillin in the treatment of general paresis. Some investi-
gators 10. 11, 13, 16 believe that malariotherapy has produced better clinical
improvement of general paresis than has penicillin alone, but their number
is steadily declining. The effectiveness of penicillin in the treatment of
all types of neurosyphilis has been pointed out particularly by Dattner,4-6
Stokes et al.'8 and Parkhurst & Bowman.14 Dattner, who has worked at
Bellevue Hospital, NewYork, since 1938, was long associated with Wagner-
Jauregg in Vienna, and has had great experience with malariotherapy of
general paresis, but is now one of the strongest supporters of penicillin
for general paresis. Before 1944 he used malariotherapy for most cases of
active neurosyphilis. Since 1944 over 500 cases of neurosyphilis have been
treated at Bellevue Hospital with penicillin alone. So far as the spinal
fluid findings are concerned, the results of this treatment were even better
than those following malariotherapy.

Dattner's most recent report 4 covers a series of 301 patients treated
with from 2,000,000 to 9,000,000 units of penicillin over periods of 10 to
20 days and followed up for 9 to 45 months; of these, 34 (11.3%) were
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TABLE IV. SEROLOGICAL RESPONSE TO PENICILLIN THERAPY OF NEURO.
SYPHILIS AFTER FAILURE OF MALARIOTHERAPY

Blood Spinal fluidr .';.gl.:~~~~~CC
E E

Date74 4 + _ 4 + -co -co

16743 4 4- 4+-0 555 -+5 4+)140/

August 1943 -tertian malaria (5), typhoid (3) and mapharsen (10)

30-11-43 |4W+ 4+ -_ 2211 85 4 + 800/3

January 1944-20 pentavalent arsenicals

16- 3-44 4 + - 4+ 5554 b 62 3 + 70/3

April 1944-20 additional pentavalent arsenicals

22- 5-44 4 + - 4+ - no data 60 2 + 26/3
4-10-44 4 + - 4+ - no data 62 2 + 250/3

October 1944- 4,000,000 units of penicillin

20-10-44 4 + - - 150 164 c 46 2 + 43/3
20-11-44 - 76 - 110 154 47 1 + 36/3
15- 1-45 - 44 - 71 144 37 faint 9/3

traces
10- 4-45 - 39 - 80 122 37 very 14/3

faint
traces

11- 7-45 - 20 - 77 130 38 very 3/3
faint
traces

29-10-45 - 21 - 70 133 34 very 6/3
faint
traces

18- 1-46 - 17 - 41 68 33 very 6/3
faint
traces

5- 7-46 - 11 - 34 72 32 very 3/3
faint
traces

25-10-46 - 10 - 37 79 28 very 6/3
faint
traces

16- 5-47 - 10 - 28 75 27 + 8/3
28-11 -47 - 5 17 71 29 8/3

The patient, a white male, 50 years of age, with symptoms of general paresis, was first treated
for syphilis at the age of 40 and had undergone three years' routine treatment.

a The figures given represent the result of the cell count in chambers of 3 mm.3, such as
the Fuchs-Rosenthal chamber.

b The figures from 16-7-43 to 16-3-44 represent the readings of the first four tubes by the old
Lange colloidal gold test.

c The figures from 20-10-44 represent the sum of the readings in all ten tubes by the new Lange
colloidal gold test. The new test gives colour readings of from 0 to 20 in each tube instead of
0 to 5 as in the old test. The sum of the readings of all ten tubes for the new test should not
exceed 45 for a normal result.
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retreated. Most of the retreatments were of patients originally treated
with less than 6,000,000 units of penicillin in less than 15 days. Of the
34 retreatments, 19 had satisfactory spinal fluid examinations (i.e. normal
cell-counts, normal amounts of total protein and steady drop in quantitative
Wassermann tests of the spinal fluid) from 9 months to 2 years after retreat-
ment. Insufficient time had elapsed for reports on the other retreated
patients.

Dattner has long insisted on evaluating the treatment of neurosyphilis
by spinal fluid examinations rather than clinical symptoms, because in
some cases of late neurosyphilis permanent damage in the central nervous
system prevents clinical improvement even though the infection is arrested
or cured.7 No treatment designed to destroy spirochaetes can replace
scar-tissue with functioning parenchyma. Hence the spinal fluid examina-
tions over a prolonged period following treatment of neurosyphilis are
better guides to the effectiveness of treatment than clinical symptoms.
QuantitativeWassermann tests ofthe spinal fluid and total protein determina-
tions both showing a gradual but steady drop from previous values, and
the presence of less than 4 cells per mm.3 of spinal fluid may be taken as
abundant evidence that the activity of a syphilitic infection in the central
nervous system has been checked.7 Relapses are shown by increases in
the cells and by rises of the quantitative Wassermann tests and total protein
determinations of the spinal fluid.

An example of the spinal fluid examinations following treatment of
active neurosyphilis is shown in table IV.

SUMMARY

1. Penicillin preparations produced in the USA since the antibiotic was first used
by Mahoney in the treatment of syphilis are considered. The use of aqueous solutions of
sodium, potassium and calcium salts and that of procaine penicillin G in oil and 2%
aluminium monostearate is discussed.

2. Results obtained in the treatment of early syphilis with penicillin in the USA
by various workers are outlined and analysed. The data provided by the author and by
other venereologists show that adequate treatment with penicillin gives satisfactory
results. The failure-rates in patients followed up from 6 to 30 months appears to be
sometimes as low as 2.6% ; a figure which often includes a large proportion of reinfections.
In contrast to treatment with arsenicals, penicillin therapy in hospitalized patients permits
completion of treatment in 100% of cases. Various schedules for treatment with the
very slowly absorbed preparations of procaine penicillin G in oil and 2% aluminium
monostearate are now used in the USA and the results obtained are extremely encouraging.
There is reason to believe that future reports of penicillin therapy of early syphilis will
be better than most of those that have hitherto appeared.

3. The difficulties in evaluating penicillin treatment in early syphilis are analysed.
4. The various aspects of serological response in early syphilis are discussed.
5. Available knowledge on penicillin therapy of late syphilis is reviewed, and it is

pointed out that neurologists and syphilologists in the USA are increasingly recognizing
that penicillin therapy is exceptionally effective in neurosyphilis. The results obtained
by various workers in penicillin therapy of late latent syphilis are analysed.

247



248 E. W. THOMAS

REFERENCES

1. Arnold, R. C. (1949) Mass application ofpenicillin therapy of early syphilis (Letter
to UNICEF)

2. Arnold, R. C., Mahoney, J. F., Cutler, J. C. & Levitan, S. (1947) J. vener. Dis. Inform.
28, 241

3. Chargin, L., Sobel, N., Rein, C. R. & Rosenthal, T. Arch. Derm. Syph., Chicago
(In press)

4. Dattner, B. (1948) Amer. J. Syph. 32, 399
5. Dattner, B. (1948) Med. Clin. N. Amer. 32, 707
6. Dattner, B., Kaufman, S. S. & Thomas, E. W. (1947) Arch. Neurol. Psychiat.,

Chicago, 58, 426
7. Dattner, B. & Thomas, E. W. (1942) Amer. J. Syph. 26, 21
8. Harris, A. (1947) J. vener. Dis. Inform. 28, 249
9. Heller, J. R., Bowman, R. W. & Price, E. V. (1948) J. vener. Dis. Inform. 29, 103

10. Heyman, A. (1947) Amer. J. med. Sci. 213, 661
10a. Kitchen, D. K., Thomas, E. W. & Rein, C. R. (1949) J. invest. Derm. 12, 111
11. Leavitt, H. M. (1947) Arch. Derm. Syph., Chicago, 56, 233
12. Merrell, M. (1948) Report of the Central Statistical Unit on schedules involving amor-

phous penicillin in aqueous solution. In: Recent advances in the study of venereal
diseases; a symposium, Raleigh, N.C., p. 88

13. O'Leary, P. A., Brunsting, L. A. & Ockuly, 0. (1946) J. Amer. med. Ass. 130, 698
14. Parkhurst, G. E. & Bowman, R. W. (1948) J. vener. Dis. Inform. 29, 159
15. Rein, C. R. (1949) J. nat. med. Ass. 41, 60
16. Rose, A. S. & Solomon, H. C. (1947) J. Amer. med. Ass. 133, 5
17. Schoch, A. G. & Alexander, L. J. Arch. Derm. Syph., Chicago (In press)
18. Stokes, J. H., Steiger, H. P. & Gammon, G. 0. (1948) Amer. J. Syph. 32, 28
19. Thomas, E. W. (1948) Amer. J. Med. 5, 687
20. Thomas, E. W. (1948) Amer. J. publ. Hlth, 38, 1361
21. Thomas, E. W. (1948) A comparison of the cumulative failure rates of seven different

schedules of rapid treatment of early syphilis with penicillin alone or penicillin
combined with other drugs. In: Recent advances in the study of venereal diseases;
a symposium, Raleigh, N.C., p. 337

22. Thomas, E. W. (1949) Syphilis: its course and management, New York
23. Thomas, E. W., Lyons, R. H., Romansky, M. J., Rein, C. R. & Kitchen, D. K. (1948)

J. Amer. med. Ass. 137, 1517
24. United States Public Health Service, National Institute of Health (1948) J. Amer.

med. Ass. 136, 873


