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THE PRINCIPDEY AND tTECHNIQUE OF
THE WASSERM EACTION AND
ITS MODIFICATIONS.*

By HOWARD FOX, M.D,,

NEW YORK,

THE subject of the serum diagnosis of syphilis may
appear at first glance to be somewhat complicated,
owing to the multiplicity of the terms that are used.
The principles of the reaction can, however, be eas-
ily mastered, whereas the practical knowledge,
owing to the many sources of error, can only be
acquired after a considerable amount of experience.

In order to understand the Wassermann-Neisser-
Bruck reaction, as the serum test for syphilis should
properly be termed, it is necessary to understand
the principles of hemolysis and of the Bordet-
Gengou phenomenon. By hemolysis is meant the
power possessed by the serum of one species of ani-
mal to dissolve the corpuscles of another species.
[f, for instance, fresh serum from a rabbit is
placed in a test tube, and sheep’s corpuscles are
added, the serum will be seen to dissolve to a slight
extent the corpuscles of the sheep. If the same rab-
bit is now treated by several injections of sheep’s
corpuscles, and its serum withdrawn and placed in
a test tube, it will be found that this power to dis-
solve the sheep’s corpuscles has been greatly in-

*Read in part before the Medical Association of the
Greater City of New York, January 18, 1000.

Copyright, William Wood & Company.
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creased. The rabbit is now said to be immunized
against sheep’s corpuscles. By this we mean that
a certain substance has been artificially formed in
the rabbit serum to which the name of hemolytic
amboceptor,* or immune body, has been given.
Heating to 56° C. for a half-hour does not destroy
this substance, therefore it is said to be thermo-
stabile. Hemolysis depends not only upon this he-
molytic amboceptor, but also upon another sub-
stance called complement, which is present in all
normal fresh sera, and which is destroyed by heat-
ing to 56° C. for a half hour. It is said to be ther-
molabile. The three substances, corpuscles + hemo-
lytic amboceptor + complement, constitute what is
called a hemolytic system, and hemolysis can take
place only when all three are present.

Closely analogous to a hemolytic system is what
may be termed a “bacteriolytic system,” consisting
of (1) a bacterium, corresponding to the corpuscles
in the hemolytic system, (2) a bacteriolytic ambo-
ceptor (or antibody) corresponding to the hemo-
lytic amboceptor, and (3) complement, similar in
both systems. Before proceeding to discuss this so-
called bacteriolytic system, it is necessary to explain
the terms antigen and antibody. An antigen is any
substance (bacteria, corpuscles, body cells, etc.)
which, when introduced into an animal, is followed
by the formation of antibodies. The sheep’s cor-
puscles in the case of the hemolytic system and the
bacteria in that of the bacteriolytic system are ex-
amples of antigen. The substances formed by their
entrance into the animal are antibodies or ambocep-

*The term amboceptor means that this substance has an
affinity on the one hand for corpuscles, and on the other
hand for complement. The complement is so called be-
cause it completes the action of the amboceptor.
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tors. Strychnine, for instance, though an injurious
substance, is not an antigen, as its entrance into the
body is not followed by the formation of antibodies.
Furthermore, it should be said that the term anti-
body does not necessarily imply a substance that is
protective, such as an antitoxin.

Returning to the bacteriolytic system, and taking
a specific instance, we will use for antigen an emul-
sion of the typhoid bacillus; for bacteriolytic ambo-
ceptor or (antibody) the serum of a patient suffer-
ing from typhoid fever; and for complement, nor-
mal fresh serum, preferably from a guinea-pig. If
these three substances, typhoid bacilli 4 typhoid
amboceptor -} complement, are placed in a tube for
half an hour at body temperature, a union will take
place just as it did in the case of the hemolytic sys-
tem. The bacteria, instead of the corpuscles, are
dissolved. Unlike what occurs in the hemolytic sys-
tem, the union of these three substances will not be
followed by any visible change. It cannot be told
from the appearance of the tubes whether or not
the bacteria have been dissolved. In the case of the
corpuscles, solution was niost apparent, the tubes
changing from an opaque to a clear red color upon
hemolysis. In other words, in the hemolytic system
there was an indicator to show that solution of the
corpuscles had taken place, no such indicator being -
present in the case of the bacteriolytic system.

Bacteriolytic System Hemolytic System
consists of consists of
1. Bacterium (antigen). 1. Corpuscles (antigen).
2. Bacteriolytic ambocep-| 2. Hemolytic amboceptor
tor (antibody). (antibody).
3. Complement. 3. Complement.

The reaction discovered by Bordet and Gengou in
1gol utilizes the phenomenon of hemolysis to show
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that a union actually can occur between the three
components of a bacteriolytic system. This reaction
depends upon the so-called principle of the fixation
(anchoring or binding) of the complement, and is
carried out as follows: The three components of a
bacteriolytic system, such as typhoid bacilli 4 ty-
phoid antibodies (serum of patient to be tested) 4
complement, are placed in a test tube and incubated
at 37° centigrade for a half hour to allow them to
unite. To the same tube are then added two of the
elements of a hemolytic system, namely, hemolytic
amboceptor and sheep’s corpuscles, and the mixture
again placed in the incubator. If now there has
been an actual union of the first three substances.
that is, 1f the complement has been fixed or used up
by uniting with the other two substances, there will
be no complement left to unite with the other two
parts of the hemolytic system, and consequently no
hemolysis will occur. If, on the other hand, no
union of the first three substances had occurred,
complement will be available to unite with the other
two parts of the hemolytic system, and consequently
hemolysis will take place. In other words, the ab-
sence of hemolysis denotes a positive reaction, 1. e.
the antibodies for which we were testing are
present. In the case in question, the patient was
suffering from typhoid fever. The occurrence of
hemolysis, on the other hand, signifies a negative
reaction, i. e. the antibodies were not present. In
that case the patient was not suffering from typhoid
fever.

The principle of the fixation of complement can
be illustrated by a swinging pendulum, as shown in
Fig. 1. The pendulum representing the complement
swings to one side and completes the bacteriolytic
system, or to the other side and completes the hemo-
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Iytic system. In the first case the result is no he;
lvsis. In the second case hemolysis occurs.

[t may be asked why it is necessary to use guir
pig serum for complement when there is com

FiG. 1.—Principle of complement fixation illustrated by a free-swi

ment already present in the serum of the patier
be tested. The answer is that the latter is an
known and variable quantity. On this account
destroy the complement before beginning the
by heating the patient’s serum to 56° C. for a
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hour. We then add for complement a measured
amount of guinea-pig serum.

The principle of Bordet and Gengou,* which has
been used since its discovery as a means of diagno-
sis in many bacterial diseases, was applied to syph-
ilis in 1906 by Wassermann, Neisser, and Bruck.?
By this test the presence not only of antibodies, but
also of antigen could be demonstrated. As a cul-
ture of the organism of syphilis (Spirocheta pal-
lida) could not be obtained, it was necessary to use as
antigen an extract of syphilitic tissue known to con-
tain the organism in large numbers. For this pur-
pose the liver of a syphilitic fetus in which the
spirochetes could be demonstrated was employed.
The same principles, as explained above to detect the
presence of typhoid antibodies, were then applied to
syphilis, the extract from the syphilitic fetus being
substituted for the culture of the typhoid bacilli and
the syphilitic patient’s serum for that of the patient
suffering from typhoid.

The extract of the fetal liver as first used by Was-
sermann was made with physiological salt solution,
to which carbolic acid was added as a preservative.
While good results were obtained from such an ex-
tract, it was found to be liable to sudden deteriora-
tion in strength. An extract that proved reliable
and effective on a certain day might on the follow-
ing day become entirely worthless.

Not only extracts from syphilitic livers, but also
from normal livers (Marie and Levaditi®), and, in
fact, from a large variety of normal organs were
found available as “antigen.” Extracts of guinea-
pig liver (Landsteiner*), and even of tumors
(Weil®) were found suitable for this purpose. It
was later discovered by Porges and Meier® Land-
steiner, Miiller and Potz,” and by Levaditi and
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Yamanuchi,®* working independently, that the ac-
tive principle could be extracted from the syphilitic
liver by alcohol. This showed that the active prin-
ciple was a lipoid and not an albuminoid substance,
as had previously been supposed. Experiments
were then made to substitute as the antigen various
lipoid substances in place of the syphilitic liver ex-
tract. Lecithin was thus first used by Porges and
Meier, with results approximately similar to those
obtained by using the extract. Numerous other
lipoid substances and salts were then tried with
more or less good results, among them sodium
glycocholate and sodium taurocholate (Levaditi
and Yamanuchi), sodium oleate (Sachs and Alt-
man®), cholesterin and vaselin (Fleischman'?), so-
dium cholate (Noguchi''). Cholesterin was, how-
ever, found by Levaditi and Yamanuchi and by
Noguchi to be inactive. Noguchi found that ace-
tone soluble and acetone insoluble fractions of the
alcoholic extract of normal or syphilitic tissues, such
as blood serum, blood coagula, liver, kidneys, etc.,
possessed antigenic properties.

By using an alcoholic extract of guinea-pig heart,
in comparison with syphilitic liver extract, Land-
steiner and his associates obtained identical results.
Even Meier,'? in a recent communication from the
laboratory of Wassermann, admits that the guinea-
pig extract of Landsteiner serves as a perfectly re-
liable substitute for the extract of syphilitic liver.
As between the watery and alcoholic extract of the
syphilitic fetal liver, it seems certain, as Marchil-
don'® has recently shown, that both are equally po-
tent. As the alcoholic extract can be kept for a
much longer time, it should for this reason be pre-
ferred.

The discovery that various substances in no way
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related to syphilis were able to combine with the
syphilitic antibodies, showed that the Wassermann
reaction could no longer be considered as a true an-
tigen-antibody reaction. While this is admitted by
all, including Wassermann himself, it does not in
any way lessen the great practical value of the test.
The reaction must be considered as a union taking
place between certain lipoid substances and the an-
tibodies existing in syphilitic blood.

The five substances used in performing the Was-
sermann reaction and the steps necessary to pre-
pare them are as follows:

1. Antigen.—The liver of a syphilitic fetus is cut
in fine pieces, ground in a mortar, and placed in a
flask. Alcohol is then added in the proportion of 5
c.c. for each gram of liver substance. The solution
is then shaken from time to time, a shaking machine
being unnecessary for this purpose. After a few
days of extraction the solution is ready to be tested.
[t is kept at room temperature and will remain for
a considerable time (several months) without de-
terioration. To ascertain the necessary dose of the
extract it is tested in varying amounts with a series
of cases known to be positively syphilitic. That
amount that will give complete inhibition of
hemolysis, when 0.2 c.c. of the patient’s serum is
employed, will be the required dose. At the same
time there must be no inhibition of hemolysis in the
control tube containing the hemolytic system - ex-
tract, even when double the dose of extract is used.
[n place of the liver extract a suspension of crude
lecithin can be used. The latter substance, as pre-
pared and titrated by Noguchi, has been used by me
up to the present time as antigen.

2. Antibody (patient’s serum).—The blood of the
patient to be tested can be collected directly from a
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vein or from a puncture of the finger or ear. The
frequent necessity of repeating a test makes it de-
sirable to have a plentiful amount of serum. For
this reason [ strongly favor obtaining the blood

F'16. 2.—Blood-collecting tube; one-half natural size.

from a vein such as the median basilic, which is
easily done by using the little apparatus devised by
Noguchi, shown in Fig. 2. This consists simply of
a test tube having a small outlet at the side con-
nected by rubber tubing with the needle, The lat-

9



ter is covered by another small test tube for pro-
tection. The tubes are then sterilized in the anto-
clave. The writer uses needles that can be easily
detached from the tubing, and advises that the
needles be cleansed with alcohol immediately after
use. A little practice will make it possible to col-
lect from 6 to 10 c.c. of blood with practically no
pain or inconvenience to the patient. Before punc-
turing the vein, several turns of a bandage are made
above the elbow, and the patient is told to clench the
fist. A quick plunge of the needle is then made in
the direction of the blood stream. The tubes are
then slanted, and the blood allowed to clot firmly.
After remamning for an hour or more at room tem-
perature, the tubes are placed in the ice chest until
the serum has been expressed, requiring, as a rule,
about twelve hours. The serum is then pipetted or
drawn off and inactivated by heating in a water
bath at 56° C. for a half hour. It is then available
for immediate use, or it can be used as late as the
third day after its collection. If the serum is turbid,
due to the presence of corpuscles, it must be cen-
trifugalized until clear.

3. Complement.—A guinea pig is bled from the
jugular or carotid into a large Petri dish. The blood
i1s allowed to clot, and after remaining for an hour at
room temperature is placed in the ice chest until the
serum is expressed. The serum is then poured off
into a sterile tube and kept in the ice chest until
ready for use. Complement is active for two or
three days, but is preferably used within twenty-
four hours after it has been obtained. The writer’s
custom is to bleed his animals late on the afternoon
of a certain day, using the serum on the following
morning or afternoon.

4. Hemolytic Amboceptor—A rabbit is injected
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subcutaneously, intraperitoneally or intravenously
several successive times with washed, but diluted,
sheep’s corpuscles. A good plan is to give four
injections at intervals of five days in dose of 2, 4, 8
and 16 c.c., respectively. The blood is then with-
drawn nine days after the last injection. By this
time the serum will have, as a rule, the required
amount of amboceptor. The blood is drawn from
the carotids into sterile tubes and allowed to clot.
The serum is then removed, inactivated and stand-
ardized. By standardizing is meant the determina-
tion of a so-called unit of amboceptor. This refers
to the smallest amount of the rabbit’s serum that
will completely hemolyze 1 c.c. of a 5 per cent. sus-
pension of sheep’s corpuscles when placed at 37° C.
for 1 hour. For the tests two such units are em-
ployed. The amboceptor can be kept in the ice box
for weeks and months, though it gradually tends
to lessen in strength.

5. Sheep’s Corpuscles—Blood is obtained either
from the jugular vein of a sheep by means of a ca-
nula or from a slaughter house when the animal’s
throat is cut. .It is collected in a sterile beaker and
defibrinated by stirring with a glass rod. The cor-
puscles are then washed free of serum by adding
normal salt solution and centrifugalizing several
times. The salt solution is then poured off and the
corpuscles diluted with more normal salt solution
to form a 5 per cent. suspension. Of this suspen-
sion, I c.c. is used for each tube. The corpuscles
may also be used in their original volume, i. e. after
washing no suspension in salt solution is made. One
drop of this original mass of corpuscles serves for
each tube. The corpuscles can generally be used
four or five days if kept in the ice chest. After this
they begin to be hemolyzed, as is shown by a dark-
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ening of the original bright red color. They are
then unavailable for the test.

The practical performance of the Wassermann
test requires a laboratory equipped with a thermo-
stat, ice chest, centrifugal machine, water bath, and,
in addition, an antoclave, if the tubes shown in Fig.
2 are employed. A large number of small test tubes
are needed, and a considerable number of 1 c.c.
pipettes (preferably Mohr pipettes graduated in a
hundred divisions to the tip). It is of great import-

Hemolytic system -
<+ Patient's serum. Hemolytic system.

e
Qo9 8

Hemolytic system Hemolytic system
+ Patient’s serum 4+ Antigen.
<+ Antigen.

Fi6. 3.—Illustrating controls that are used.

ance that both tubes and pipettes should be thor-
oughly cleansed in running water after use and sub-
jected to a high temperature in the antoclave or
other sterilizer before they are again used. It is
not essential that the tubes should be plugged with
cotton. It is, however, necessary for them to be
perfectly clean.

The arrangement of the tubes used for the test,
including the necessary controls, is shown in Fig. 3.
Tube No. 6 contains serum of a patient to be ex-
amined. No. 7 contains the serum of a patient
known to give a positive reaction, and tube 8 a
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serum known to give a negative reaction. The three
tubes 6, 7 and 8 receive all five substances neces-
sary for the reaction. All of the other tubes are
controls. Tubes 2, 3 and 4 contain the hemolytic
system-the patient’s serum, it being of course nec-
essary to have a separate tube.for each separate
serum. Tube 5 contains the hemolytic system--the
antigen (extract or lecithin). Complete hemolysis
must take place in all of these control tubes. Tube
5 is necessary to show that the antigen of itself does
not bind complement and so prevent hemolysis. In
the same way tubes 2, 3 and 4 show that the pa-
tient’s serum of itself does not bind complement. In
case the patient’s serum proves to be anti-hemolytic
of itself, the test must be repeated and the serum
used in a smaller amount, e. g. 0.I c.c. instead of
0.2 c.c. Tube 1 shows that the hemolytic system is"
in “working order.” While it is essential in testing
a given serum to employ as controls a known posi-
tive and a known negative serum, it 1s also desirable
to test a large series of cases simultaneously. This
allows a comparison which aids in making the re-
sults more trustworthy.

In performing the test 0.1 c.c. of complement (in-
variable dose), 0.1 c.c. of serum (usual dose), and
antigen (dose varies according to the preparation,
average being 0.2 c.c.) are placed in the tubes, and
I c.c. of physiological salt solution is added. The
tubes are then shaken and kept in the thermostat
or water bath for three-quarters of an hour. Two
units of amboceptor, and either 1 c.c. of the cor-
puscle suspension or one drop of corpuscles, accord-
ing to choice, are added. The tubes are then shaken
and again incubated and observed at frequent inter-
vals. The final results can be recorded after three
hours of incubation. The controls are generally
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found to be hemolysed within a half hour, tube No.
1 being the first and tube No. 5 generally the last
to be entirely hemolysed. A negative result is de-
noted by complete hemolysis. A positive result is
shown by inhibition of hemolysis, which, according
to its degree of intensity, can be classed as positive,
strong positive or weak positive. For recording
results a chart devised by Dr. Wood McMurtry will
be found of very great convenience.

In performing the Wassermann test the body
fluids usually employed to show the presence of the
syphilitic antibodies are the blood serum and spinal
fluid. The presence of antibodies have been re-
ported in the milk by Bab and Plaut,’* and in the
urine by Blumenthal and Wile.’®* The latter ob-
servers, in a series of fifty cases in which the serum
and urine were tested simultaneously for antibodies,
found that a stronger reaction was given by the
serum than by the urine. Furthermore, in a series
of cases giving a strong reaction, the urine of itself
showed anti-hemolytic properties. In a later re-
port of a hundred cases by Wile'® it was found that
2 per cent. of the cases gave positive reactions with
the urine and negative reactions with blood serum.
From this the writer concludes that the “diagnostic
value of the reaction must for the present be viewed
with caution.”

As the Wassermann reaction is at best a rather
complicated procedure, requiring special laboratory
facilities and a considerable expenditure of time, it
is not surprising that attempts to simplify the test
should have been made. Modifications have been
devised by Bauer, Tschernogubow, and Noguchi,
which, like the regular Wassermann reaction, de-
pend upon the principle of the fixation of comple-
ment. A number of other sero-diagnostic methods
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have also been devised depending upon certain pre-
cipitation reactions and having no relation whatever
to the principle of complement fixation. They will
not be considered in this communication.

Bauer’s'” modification of the Wassermann reac-
tion depends upon the fact that there is normally
present in human serum a hemolytic amboceptor for
sheep’s corpuscles. Bauer, therefore, omits the
hemolytic amboceptor (rabbit’s serum treated with
sheep’s corpuscles) in his test, and utilizes the am-
boceptor present in the patient’s serum. The ad-
vantage gained by this procedure is that instead of
the usual five substances, only four are required for
the test. The theoretical objection to the method
is that the hemolytic amboceptor in the patient’s
serum is an unknown and variable quantity. Fur-
thermore, the omission of the amboceptor is, after
all, not such a great simplification, for it is in the
preparation of the other four substances that the
chief difficulties and inconveniences are encoun-
tered. The test is further unavailable for use in
young infants, as no hemolytic amboceptor is con-
tained in their serum. To supply this deficiency, it
1s suggested by Bauer to add normal human serum
from an adult which will contain the necessary am-
boceptor. In spite of theoretical objections, Bauer’s
modification appears to have given good results
practically in the hands of Bering.?® In a series of
123 cases of syphilis tested simultaneously by both
methods, the results were identical in all except one
case. In this case, which was one of positive syph-
ilis, the Bauer test was positive, while the Wasser-
mann was negative.

The steps in performing the Bauer modification
are represented as follows:
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Tschernogubow, ** in his modification, uses a hem-
olytic amboceptor for human corpuscles instead of
one for sheep’s corpuscles. The hemolytic system
in this case consists of human corpuscles 4 hemo-
lytic amboceptor (antihuman) -+ human comple-
ment. In performing the test, a single drop of the
patient’s blood is used. This is relied upon to supply
three of the five substances necessary for the Was-
sermann reaction, namely, antibodies, complement,
and corpuscles. Tschernogubow does not inactivate
(1. e. destroy complement), cansidering the comple-
ment normally present in the patient’s blood avail-
able for his test. No guinea pig serum is therefore
used. This is an advantage claimed for the test,
as well as the fact that a drop only of the patient’s
blood is used and that no inactivation is necessary.

Tschernogubow’s assumption that the complement
present in the patient’s blood is available for the
test has been shown by Noguchi to be correct only
when 0.1 c.c. of the serum is present in a tube. In
other words, human complement as present in such
a small quantity of blood as one drop is, as a rule,
too weak to produce any considerable amount of
hemolysis of human corpuscles. Noguchi obtained
no hemolysis upon adding human complement in
amounts as large as 0.2 and 0.3 c.c. to I c.c. of a
weak suspension of human corpuscles + 2 units of
antihuman amboceptor. When, however, guinea
pig’s serum, even in amounts as small as 0.0I c.c.
were added, prompt hemolysis resulted.

The disadvantages in general of using human in-
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stead of guinea-pig complement for the test are, ac-
cording to Noguchi, as follows:

. By using human complement it is necessary to
have ten times as much amboceptor as when guinea-
pig complement is used. For this reason the latter
1s economically preferable.

2. Human complement, like that of the rabbit, is
less sensitive to fixation than guinea-pig comple-
ment, 1. e. it does not unite as readily with antigen
and antibody.

3. The quantity of human complement varies
greatly in different sera. If present in excess, the
result of the test would always be negative. It is
therefore necessary to determine the exact amount
of complement present by a preliminary titration,
a procedure adding to the difficulty of the test.

4. 1f human complement is used there is no direct
way to test the antihemolytic action of the antigen
alone, i. e. to tell whether inhibition of hemolysis is
due to the antigen alone or to the combination of
antigen and syphilitic antibody.

5. It is finally impossible by using human com-
plement to test an old specimen of blood, as com-
plement rapidly tends to become inactive. Even the
corpuscles begin to disintegrate after a time.

Two of the disadvantages discussed above are
mentioned by R. Bauer and Meier*® as objection-
able features in Tschernogubow’s test: 1. That
human complement varies greatly in amount and 2.
That its use necessitates the performance of the
test immediately after obtaining the patient’s blood.
They call attention to the practical point that human
corpuscles are not as easy to obtain as sheep’s cor-
puscles.

The step in performing Tschernngubow s modifi-
cation are as follows:
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When Tschernogubow’s communication appeared,
Noguchi had already completed his antihuman hem-
olytic system. Noguchi, in his test, employs, as
does Tschernogubow, an antihuman amboceptor
(1. e. a hemolytic amboceptor for human cor-
puscles), obtained by immunizing rabbits with
sheep’s corpuscles. Unlike Tschernogubow, he does
not depend upon the patient’s serum to supply the
complement, but uses guinea-pig serum for comple-
ment. No inactivation of the patient’s serum is nec-
essary as human complement, in the dose used in his
test (one capillary drop), is not active against
human corpuscles, when 2 units of amboceptor are
used. Even in a dosage of 0.1 c.c. it remains with-
out any action at all in the presence of 2 units of
amboceptor, and can therefore be entirely disre-
garded. As indicator, the corpuscles of the patient
to be tested or of a normal person are used. The
suspension of corpuscles is obtained from the finger
or ear and is used in the proportion of one drop to
4 c.c. of physiological salt solution. In this dilution
no coagulation of the blood occurs. Noguchi differs
from Tschernogubow in using in addition a small
amount of serum (containing the antibody). A
sufficient amount of serum can be obtained from
a half c.c. of blood drawn from the patient’s finger
or ear. A single drop only from a capillary pipette
(which can be easily made in a Bunsen flame) is
needed for the test and a second drop for the con-
trol. Finally the antigen, complement, and ambo-
ceptor have been concentrated, dried, and impreg-
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nated in strips of paper, tiny squares of which, rep-
resenting measured amounts of the impregnated sub-
stances are used for each tube. Noguchi has even
found it possible to dispense with an incubator by
keeping the little tubes in the vest pocket and allow-
ing the body heat to incubate them. In this way he
has succeeded in devising a method which is so
simple that it can be carried out by any physician
without difficulty.

The order of the steps in performing the test
1s as follows:

1. One drop from a capillary pipette of the serum
of the patient to be tested and one drop for the
control.

2. One square of paper representing complement
or if preferred 0.04 c.c. of fresh guinea pig serum.

3. One c.c. of a suspension of human corpuscles
in the proportion of 1 drop of blood to 4 c.c. of
physiological salt solution.

4. One square of paper representing antigen,
after which the tubes are shaken and incubated in
thermostat or vest pocket for a half hour.

5. One square of paper representing the hemolytic
amboceptor. The tubes are then incubated again
for two hours after which the results are recorded.
When examined twenty-four hours later, no change
as a rule occurs. The controls are similar to those
used in the regular Wassermann reaction,

It the test devised by Noguchi were merely equal
in accuracy to the regular Wassermann reaction, its
simplicity would mark it as a decided advance in
the serum diagnosis of syphilis. That it is actually
more delicate and accurate appears from the results
obtained thus far by its author. Some rather strik-
ing differences in favor of the Noguchi test have
been observed among the cases of the writer.
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The source of inaccuracy in the Wassermann test
according to Noguchi is the presence in the patient’s
serum of an unknown amount of natural hemolytic
amboceptor against sheep’s corpuscles, being at
times as high as 20 units. The manner in which
such as excess of amboceptor may interfere with
the test 1s explained by Noguchi in a critical study
to be soon published.

In the first place it is known that increasing doses
of amboceptor also increase up to a certain point
the activity of the complement. In other words a
large amount of amboceptor compensates for a small
amount of complement. [f, for instance, the com-
plement is not quite fixed in the antigen-antibody
combination, the small amount left will not produce
complete hemolysis if only 2 units of amboceptor are
present. [f, however, a large amount of amboceptor
is present the effect will be the same as if a larger
amount of complement had been present, and com-
plete hemolysis will occur. 'While one unit of ambo-
ceptor 4 0.1 c.c. of complement is generally needed
to produce complete hemolysis, Noguchi found that
if 4, 8 and 20 units were used, hemolysis occurred
upon adding 1-3, 1-5, and 1-10 respectively of com-
plement,

[n the second place, an excess of amboceptor may
bring about dissociation of the complement, 1. e.,
may break up the combination it has formed with
the antigen and antibody. If, for instance, a quan-
tity of syphilitic antibody is just sufficient to bind 0.1
c.c. of complement in the presence of 2 units of
amboceptor, it will not be able to prevent partial
freeing of the complement in the presence of double
that amount of amboceptor. For this reason the
actual presence of syphilitic antibody may remain
unrecognized, as the complement which has been
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freed brings about hemolysis and gives a negative
reaction, where it should have been positive. When
the amount of syphilitic antibody is large, this dis-
sociation of the complement cannot take place, 1. e.
a positive reaction cannot be masked.

It is not my intention to discuss in this communi-
cation the many phases of the practical application of
the Wassermann reaction. Considering, however,
that the subject especially in this country is of such
recent development it was thought proper to record
the results obtained in examining my first cases.
All of these cases were adults, about three-fourths
being males.

Table I shows the results obtained in 46 cases
of clinically positive syphilis, showing active lesions
at the time of examination. Of this number, one
was a primary lesion of the lip which had existed
sixteen days. It gave a strongly positive reaction.
Of the 19 cases belonging to the secondary period
(first year) all (1. e. 100 per cent.) gave positive
reactions. If, however, we add 5 cases from table
ITT, which proved to be secondary syphilis, 4 of
which were strongly positive and 1 for some unac-
countable reason negative, the proportion of positive
cases is reduced to 23 out of 24 or 95 per cent.
Twent}r~51x cases of the tertzarg,r type gave 1:8 posi-
tive, 2 doubtful, and 6 negative reactions, t. e. 69
per cent. of the cases were positive. In one case
of tertiary syphilis (No. 24) giving a positive re-
action, the infection had occurred 23 years pre-
viouslyv.

Table II shows the result of testing 21 cases of
undoubted syphilis, which at the time showed no
clinical evidence of the disease. Most of these cases
had heen previously seen when lesions were present
and a positive diagnosis possible. The others were
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cases in which a perfectly straightforward history
of infection could be obtained. Of these cases 4
gave positive, 2 doubtful, and 15 negative reactions,
i. e. 19 per cent. only were positive. A glance at
the table will show that the majority of these cases
had received a fair amount of treatment, tending
as is well known to lessen or destroy the reaction.
The treatment mentioned in the tables refers only to
the use of mercury, iodide of potassium apparently
having no effect upon the reaction. The word medi-
cine is conveniently used to indicate that the mercury
was taken in a fluid form such as in the customary
biniodide mixtures.

Some of the most interesting results were ob-
tained in cases (Table IV ) where the diagnosis was
in doubt and it will perhaps be of interest to describe
a few of these cases at some length.

Table I1T shows a small series of dermatological
cases in which syphilis could be excluded (as far as
this is ever possible). All gave negative reactions.

Case 69.—Mulattress, 22 years old, presented re-
cently before a medical society as a case of lupus
vulgaris serpigenosus. Shows extensive lesions of
face, neck, and legs. Family history of tuberculosis.
Previous history of suppurating glands. Cutaneous
tuberculosis test strongly positive. Histological
preparations favors tuberculosis rather than syphilis.
As the case was considered by some to be one of
syphilis, a Wassermann test was made, with ab-
solutely negative result. Ten injections failed to
cure or even improve the disease. Later generally
admitted to be lupus.

Case 76.—Case of syphiliphobia. Patient, a phy-
sician, had never shown any symptom or sign of
syphilis. Two premature deliveries by his wife
made him think he had possibly at some time con-
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tracted the disease and infected his wife. The
patient’s peace of mind was restored by a negative
Wassermann reaction.

Case 81.—Man, 25, genital sore six months ago
followed three months later by a second sore. Ex-
amination showed typical lesions of scabies, but
with the exception of a slight enlargement of in-

uinal and occipital glands, no sign of syphilis.

he writer doubted the existence of syphilis until
the blood was tested and showed a very strong posi-
tive Wassermann reaction.

Cast 83.—Woman, 42, presented a typical roseola
and adenitis. As she had previously taken sajodin,
for several weeks, the diagnosis of a drug rash had
heen made by a colleague of large experience. The
Wassermann reaction proved to be strongly posi-
tive. In addition the writer found large number
of spirochetes, in an ulceration of the wvulva, by
using the dark field illuminator.

Case 85.—Man, 24, presented as a case of miliary
papular syphilide by an eminent dermatologist. Di-
agnosis doubted and that of scabies made by many,
as signs of severe itching were present. The Was-
sermann reaction was absolutely negative. The
later course of the disease showed that it was not
syphilis,

Case 86.—Case shown as one of epithelioma of the
glans penis, considered, however, by a well-known
colleague to be syphilis. Wassermann test negative.
No improvement from antisyphilitic treatment. His-
tological examination showed a prickle cell epithe-
lioma,

While the cases quoted above could be easily
multiplied, enough has been said to call attention to
the practical value of the Wassermann reaction.
That the test is now recognized as a diagnostic pro-
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cedure of very great value is shown by its well-nigh
universal adoption in tHe hospitals and clinics of
Europe.

In conclusion I wish to express my sincere thanks
to Dr. Hideyo Noguchi for his generous assistance
and advice. The practical work was performed at
first by Dr. Noguchi and by myself under his direc-
tion until the necessary practice as well as laboratory
facilities were obtained. The description of the
Noguchi test is from personal communication, as at
the time of writing Dr. Noguchi’s publications upon
the subject have not appeared.

I am also indebted to Dr. Wood McMurtry for
the idea of the swinging pendulum.

The greater part of the material was obtained
from the dermatological department of the Vander-
bilt Clinie, from the service of Dr. George T. Jack-
son, to whom [ wish to express my thanks. Other
cases were obtained from the service of my father,
Dr. George Henry Fox, at the Skin and Cancer
Hospital.

I am also indebted for material to Doctors White-
house, Trimble, Clark, Vermilye, Satterlee, Froth-
ingham, and Bradley.
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