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THE SYPHILIS FLOCCULATION TEST

with special reference to

The SACHS-GEORGI reaction.
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She application by Wassermann, Beisser and 
Brack of the principle of the Bordet-Gengou complements 
fixation phenomenon to the serological diagnosis of 
syphilis has led to the elaboration of a test which is 
now widely employed not only for diagnosis but also for 
the control of treatment of this disease. She Wassermann 
test, as it is called, has fulfilled its early promise 
and it occupies a unique position among present day 
serological methods, both on account of the universality 
of its use and the accepted reliability of its results.
It is of comparatively little moment as affecting its 
clinical value that, from a theoretical standpoint, a 
positive Wassermann reaction cannot yet be adequately 
explained on the basis of a simple immunity reaction 
between an antigen derived from Treponema pallidum, a 
homologous antibody in a syphilitic patient* s serum, and 
complement. The evidence which has accumulated in the 
course of the routine application of the test by many 
workers during the past twenty years is convincing, and 
fully warrants the conclusion that, in Britain, a 
positive reaction indicates syphilitic infection. It is 
of coarse essential for the validity of this conclusion 
that the positive result should have been obtained by a 
worker conversant with serological methods, and employ- 
-ing adequate control of the particular modification of
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the technique of the test which he may favour.
In the case of a negative reaction however 

a similar degree of certainty is unfortunately lacking 
and it is well known that in a proportion of cases of 
undoubted syphilis, especially in its later manifest- 
-ations, serological confirmation of the clinical 
diagnosis cannot be obtained by the Wassermann test.
This is particularly regrettable as it has led to many 
attempts to increase the sensitiveness of the test, 
and some of these have merely succeeded in favouring 
the occurrence of false positive results; thus bring- 
-ing discredit on the reliability of the orthodox and 
tried methods. It cannot be emphasised too strongly 
that any modification of the established methods which 
permits the occasional occurrence of false positives 
should be condemned unequivocally and its use for 
diagnostic purposes in routine tests abandoned. If 
due attention were paid to this postulate it is probable 
that much confusion would be obviated, and that the 
literature would be spared the unnecessary burden of 
much with which it has been* and still is being, en- 
-cumbered. Apart altogether from the inconclusiveness 
of a negative Wassermann reaction as a means of excluding 
syphilitic infection, the complexity of the test itself 
has stimulated endeayours to find some alternative
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method which, while at least as accurate In its results, 
would he simpler in its application and, if possible, 
less prone to those fallacies which, in the Wassermann 
test, have to he guarded against by rigorous control 
of each of the participating reagents. Of special 
importance in this latter respect is the complement; 
a reagent which varies markedly both in deviability and 
haemolytie activity, two biological properties on whieh 
the Wassermann test depends and both of which are 
peculiarly unstable. A serological method for the 
detection of syphilitic infection which could be carried 
out without recourse to the use of complement has much 
therefore to commend it. That such might be practicable 
was noted very shortly after the original contribution 
of Wassermann and his co-workers when it was observed 
that, in certain circumstances, a precipitate occurred 
in mixtures of syphilitic antigen* (as used in the 
Wassermann test) and the serum of a syphilitic patient, 
no other reagents being present. Much work has since 
been undertaken with a view to determining the precise 
conditions under which such precipitum formation is 
favoured, and we are indebted principally to Meinicke 
and to Sachs and (jeorgi for a large amount of research

* The term "antigen" is retained throughout, for the sake 
of convenience. It denotes a saline dilution of cholesterolised heart-extract.
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which has brought this flocculation test into a 
position of repute as a likely substitute for the more 
complex Wassermann reaction. Other workers -—  Vernes 
in France, Dreyer and Ward in Britain, and Kahn in 
America — —  have introduced various modifications in 
technique but, in each instance, the principle is 
essentially the same and the tests associated with 
these names all depend on the presence of floceuli 
(precipitate) in mixtures of a lipoid antigen with 
serum from a syphilitic patient, and the absence of 
such flocculi when normal, i.e. non-syphilitic, serum 
is used. It must be kept prominently in mind however 
that, although an alternative serological test for the 
detection of syphilitic infection is of great interest, 
it fails signally to be of practical importance so long 
as its technique is not very definitely simpler than that 
of the Wassermann reaction, and so long as its results 
are not at least as accurate and as easily interpretable. 
The Wassermann test has been thoroughly exploited and 
as its deficiences and difficulties are well recognised 
allowance can be made for them. Complex and little 
understood though its various biological reagents are, 
one is justified in claiming that as a routine test it 
has established itself firmly as a dependable standard, 
and that until a simpler and better standard is available
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it must continue to hold first place; a position to 
which experience of its use entitles it. It is the 
object of this thesis to show that, in the present 
state of its evolution, the syphilis flocculation 
reaction falls considerably short of what is reasonably 
demanded of a substitute for the Wassermann test, and 
that although its technique is much simpler than that 
of the latter, and its results on the Aole closely 
corresponding, yet as a practical method its ruutine 
use is associated with difficulties which tend to 
render its behaviour capricious, and which frequently 
make the result a matter of individual opinion rather 
than of undoubted fact.

When these studies were commenced, two 
methods of carrying out the flocculation test had 
commended themselves more than others, both on account 
of their s&mgplicity and the f avourable results which 
they were yielding in the hands of different workers.
One of these, the Meinicke test, to which reference 
will be made later, had attracted considerable attention 
in German speaking countries while the other, the Sachs- 
Georgi test, had been utilised in Britain by faniguchi 
and Yoshinare and also, in modified form, by Dreyer and 
Ward. As the Sachs-Georgi technique was even simpler
than the Eeinicke it was adopted as the standard for
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-the preliminary studies and if a description of the method 
is given here it will ohviate the necessity for much 
repetition in the text,

Sachs-Georgi Test.
Apparatus: glass beaker, for saline.

(graduated p 1 pettes (1.0 and 0.1 c.c.) with 
mouthpiece and india-ruhher tube.
Test-Tubes (3n x iw), sterilised in a hot- 
-air oven.
Backs for tabes.
Water-bath at 100 °C. for sterilising beaker 
and pipettes.
Water-bath at 55°C. for heating serum.
IncoFa i air" at" S'T0̂ ."'

Reagents: Saline. 0.85 per cent, solution of pure Sodium
Chloride in distilled water; heated in 
j£och ster iliser.

Absolute Alcohol.
Alcohol-Saline. A freshly prepared 1 in 6 dilution 

of absolute alcohol in saline.
Serum. Human serum which has been heated in the 

water-bath at 55°C for half-an-hour, some 
hours before use.

Antigen. A 1 in 6 dilution with saline of a
oholesterolised alcoholic-extract of human 
heart muscle. (The preparation of this 
extract is given in detail in appendix 5). 
The dilution is carried out in two stages:-
(a) 1 volume of the cholesterolised heart- 

extract is mixed rapidly with 1 volume 
of saline by pouring the saline into 
the extract and immediately pouring the 
mixture from one tube to the other 
several times. It is then allowed to 
stand at room temperature for 5 minutes, 
after which

(b) it is similarly rapidly diluted with an 
additional 4 volumes of saline.
This final mixture is used in the tests 
after it has stood at room temperature 
for from 5 to 15 minutes.

** Blood is most conveniently obtained by vene-puncture.
X* is collected in a sterile test-tube, provided with a cotton 
wool plug or a rubber cork, and is allowed to coagulate. The 
clot is gently separated from the sidds of the tube and the 
specimen is stored in a cool place until required for the test.
The serum, which should be free from red blood corpuscles and
from gross bacterial contamination, is then pipetted off and, 
if need be, centrifugalised.
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Technique Three tubes are used for each serum to be 
tested and the reagents are added in the 
amounts, and in the order, shown in the 
table. The pipettes are rinsed out with 
saline, at least three times, between the 
addition of different reagents.
In preparing the antigen, the pipette is 
rinsed with absolute alcohol both before and
after the measurement 
heart-extraet.
Tube Ho, 1

of eholesterolised
control.

2 3.
Saline, •o•o 0.9 0.9 0.9
Serum, c. c» 0.05 0.1 0.1
Alcohol-Saline, c. c. nil nil 0.5
Antigen, c.c. 0.5 0.5 nil.
Tubes 1 and 2 thus contain Antigen ♦ Serum, while Tube 3
which serves as a serum control contains no antigen.
Alcohol however is present in the same concentration as
in Tubes 1 and 2. The contents of each tube are mixed
by gentle shaking after the addition of the serum and the
antigen (or aloohol-saline), and the completed tests are
placed in the incubator at 37°C. for from 18 to 20 hours.
Controls: (1)* A known positively-reacting, and a known
"' ■* negatively-reacting serum, are included

with each set of tests. In the case of
the positive serum it is preferable, if
possible, to use one which causes 
relatively feeble flocculation, i.e. a 
weakly-reacting serum,

(2), An antigen control is indispensable. It 
consists of a tube containing saline 0.9 
c.c. ♦ antigen 0*5 c.c. If at the end 
of the period of
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incubation this tube shows any flocculation or 
granularity, the results of the main tests 
cannot be accepted.

Headings are made immediately on the withdrawal of the
tubes fran the incubator, and shaking of the tubes is
to be avoided since it tends to break up and disperse
the flocculi which may have formed, and thereby to
render their detection less easy.
Each tube is examined separately and a suitable arrange
ment of lighting is desirable in order to facilitate the 
reading. This consists essentially of oblique illuminat
ion of the contents of the tube while being viewed against 
a dark background.
Pine flocculi just visible to the naked eye are

recorded as: ... ... +
Definite flocculi in a turbid fluid: ... ++
Flocculant sediment with supernatant fluid

slightly turbid: ... ... +++
Coarse flocculant sediment with clear supernatant

fluid: ... ... ++++
The use of a hand lens is not as a rule desirable but it
may be employed to confirm the presence of fine flocculi.
The detection of these fine flocculi can be further
simplified by oausing them to circulate, by gentle agitation
of the tube.
Slight turbidity in a tube (greater than that of the 
antigen control) is recorded as +
If the antigen control is free from flocculi and if the 
control sera react normally, the presence of flocculi in
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Tubes 1 or 2 (or in both) of a given test is accepted as 
a POSITIVES reaction, provided also that no flocculi are 
visible in Tube 3.

In practice it was found that, using this 
technique j two main difficulties were encountered: -
(a), difficulty in reading the finer degrees of floccu

lation and
(b), lack of uniformity in the behaviour of the same 
sample of syphilitic serum when tested on more than one 
occasion; e.g. very coarse flocculi (++++) in one test; 
hardly perceptible flocculi (♦ or -)in another. The 
first of these is possibly dependent to some extent on 
personal experience but, even conceding that this may be 
an important factor, the difficulty is none the less very 
real and, when considered in conjunction with the second 
one referred to, it has to be appreciated that not 
infrequently the accuracy of a result hinges on the 
recognition of extremely fine flocculi in the test mixtures. 
Confirmation of this is to be found in the writings of 
most workers although but little stress is laid on its 
grave significance from a practical standpoint. It amounts 
indeed to an admission that a result which one observer 
will record as positive (i.e. flocculation), another or 
several others reading the same tubes will record as 
negative (i.e. no flocculation).
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Sachs and Georgi orginally recommended the use of an 
agglutinoscope as an essential part of the technique 
of their test hut in later publications they indicate 
that a hand lens will also serve the purpose. In the 
case of the modified Sachs-Georgi technique which is 
employed in France in "syphilimdtrie", its originator, 
Yernes, is so insistent on the necessity for accurate 
recognition of the finer degrees of flocculation that 
he is not content to make readings in the usual way hut 
has devised a somewhat complicated and expensive type 
of comparator whose use he regards as obligatory if the 
records, even of experienced workers, are to show 
reasonable correspondence. It is essential that the 
existence of this difficulty in reading results should 
not be minimised since it at once places the Sachs-Georgi 
reaction on quite a different footing from the Wassermann 
test. In the latter, there is no justification for any 
gross discrepancy between the readings of a given test 
by different observers. Haemolysis is a convincing and 
easily detected change and the reading of results consists 
simply in noting its presence or absence. There may be 
a difference of opinion in the interpretation of a result 
but there can be none in reading it. In the Sachs-Georgi 
reaction, on the other hand, the actual reading of a 
result is of itself often a matter of opinion, and 
individual opinion may of cotusse be further involved
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in interpreting this result (cf. Logan; Wang).
The second difficulty encountered in the 

use of the Sachs -Georgi technique, viz. the varying 
intensity of the flocculation induced hy the same 
sample of syphilitic serum when tested on several 
occasions, merits very close attention. All degrees 
of this have been experienced hy the author, hut 
possibly the most striking example is the one which 
will now he cited in detail. The tahle shows the 
results obtained on three successive days when testing 
the strafe sample of syphilitic serum by the Sachs-Greorgi 
technique.

control.
1.

9:10:22
Tube Ho. 2. 3.

antigen (A) 
antigen (B)

++++
+++

++++
+++

10:10:22 antigen (A 
antigen (B

11:10:22 antigen (A) ++++
antigen (B) +++

++++
+++

On each occasion two antigens are employed, viz. A4 and B2 
(vide, appendix 6-8).
The serum is a mixture of several Wassermann positive sera 
from cases of clinical syphilis attending a Venereal
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Diseases Treatment Centre, and it is not more than five 
days oil at the time of the first Sachs-Georgi test*
It has been stored in an ice-box and is kept there 
ih the intervals between the tests. The portion used on 
9:10:22 is heated at 55°C. for half-an-hour, twenty- 
four hours before testing; that for 10:10:22 at 54°C. 
for ha If-an-hour, six hours before testing; and that 
for 11:10:22 at 55°C. for half-an-hour, six hours before 
testing. The same sample of saline is used for all the 
tests. It is kept in a glass-stoppered bottle and its 
H-ion concentration, as determined by indicator dyes, is 
pH = 5.8. The same eholesterolised heart-extracts are 
used in the preparation of the antigens and the total 
volume of each antigen dilution prepared on each occasion 
is the same, viz. 6 c.c. The heart-extracts are stored 
in glass-stoppered bottles in the dark, at room tempera
ture.
All the glassware used in the tests is in regular use for 
Sachs-Georgi reactions and it is not used for any other 
purpose. It is cleaned by the author personally and is 
handled by him alone. The technique on each of the 
three days is identical, and there is no difference in 
&he time occupied in completing the tests or in the 
incubation period allowed on the three occasions.
The behaviour of the antigen controls is uniformly normal,
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as is also that of a negative control serum.
This instance provides an extreme example 

of the variations which occur in the Sachs-Georgi 
reaction hut, although extreme, it is not the only 
one of its hind which has been encountered (cf. 
appendix 191-192).

It is specially noteworthy on account of 
the completeness of the control of each of the 
reagents sinee, on the three successive days, these 
were not merely similar, they were identical. Serum, 
saline, and eholesterolised heart-extracts were 
portions of exactly the same stock specimens and yet, 
on one of the days, flocculation failed to occur in 
the presence of the syphilitic serum. There can he no 
question of any abnormality on the part of either of 
the batches of eholesterolised heart-extract used in 
the preparation of the antigens. Each was an optimum 
antigen, as determined by the method detailed in 
appendix 6, and the stocks from which portions were 
withdrawn on the three occasions presently under review 
were in regular use during the succeeding six months, 
when their behaviour was as consistently satisfactory 
as that of any other Saehs-Georgi antigens with whieh 
I have worked. The saline (0.75 per cent. EaCl) 
differed in no way from what has been found to be
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suitable for the purpose of the test and, on several days 
both before and after 10:10:28, the same sample was in 
use and normal flocculation occurred in the presence of 
syphilitic serum.
Its H-ion concentration was determined by indicator dyes 
on 2:10:22 and again on 11:10:22. On each occasion the 
finding was the same vis. pH = 5.8. It will be noted 
that there is a difference in the temperature at which 
the portions of serum were heated for the three tests, 
and also in the time interval prior to the test at which 
the heating was carried out. That these factors cannot 
have played any part in determining the failure of the 
test on 10:10:22 will be apparent from the work to be 
described later (vide, p.62), and accordingly they will 
not be discussed here. It would appear that the 
explanation of the absence of flocculation on one of 
the days can only be attributed to a lack of sensitive
ness on the part of the antigens used on that occasion.
The preparation of the Sachs-Georgi antigen involves the 
dilution of eholesterolised heart-extract with saline, 
with the immediate appearance of turbidity in the mixture, 
and since the intensity of this turbidity depends on the 
method by which the mixing of saline and extract is 
effected it is apparent that the physical state of the 
antigen can be influenced by the technique employed in
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its preparation.
In the case of the Wassermann reaction it has been shorn 
that the physical state of the antigen bears some 
relationship to its sensitiveness (vide, Browning and 
MackenzieJ , and a similar relationship is implied in 
the case of the Sachs-Georgi reaction and its various 
modifications (Meinicke, Veraes, Sigma, Kahn) by the 
precautions which are taken to try and ensure uniformity 
in the method of dilution of the heart-extract, and 
thereby in the physical state of the final product.
In the course of the present studies however all attempts 
to demonstrate such a relationship have proved unsuccess
ful. By no minor variation of the standard method of 
dilution has it been possible to abolish, or even 
markedly to lessen, the sensitiveness of an antigen, and 
yet on many occasions dilutions prepared with customary 
care in the routine manner have proved much less sensitive 
than usual, Bow and again such lack of sensitiveness has 
been absolute, as in the example just quoted, but it is 
not proposed to lay great stress on the danger of such 
complete failures. When these occur they are readily 
recognised on account of the absence of flocculation with 
the control syphilitic serum and the repetition of all 
the tests becomes obligatory. The greatest danger of 
false results is encountered when working with an antigen
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which ehances to he only feebly sensitive. Such an 
antigen may give fairly definite, or even very marked 
(++++), flocculation with some syphilitic sera, e#g.
with the positive control, while with others the 
flocculation is so fine that it is liable to he over
looked even on very careful examination of the tubes.
In my experience this difficulty is of much more frequent 
occurrence than perusal of the literature might suggest, 
and it cannot he gainsaid that it constitutes a serious 
disadvantage of the flocculation test. 4s a source of 
fallacy in results it has been encountered much too often 
to permit of its being passed over lightly, and it is 
unfortunately not a fallacy which can easily be guarded 
against by controls which are practicable in routine work.

In view of these two major difficulties which 
occur in the routine use of the Sachs-Georgi technique an 
experimental investigation of the various factors which 
might influence the reaction was undertaken in order to 
determine whether or not the difficulties could be over
come. The studies lend themselves to being grouped under 
four main headings
(A) SiHIE ; (B) SEEM ; (C) AMTIGBW ; (D) MEfHOD OF fESF,
and they are presented in this form in the following pages.
It may be noted that, unless it is otherwise indicated,
pooled samples of negatively-reacting and positively-react
ing sera have been used in all the experimental work,



and that the latter were derived invariably from eases 
of clinieal syphilis with a positive Wassermann reaetion. 
Details of these pooled sera are given in appendix 10.
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(A). S A M E .

Varied Concentration of Sodium Chloride. The effect of 
varying the concentration of Sodium Chloride was studied 
first as it seemed desirable to determine preliminarily 
whether the behaviour of normal and syphilitic sernm in 
the Sachs-Georgi test was modified in any way by such m 
procedure. A stock 10 per cent, solution of pure H a d  
in distilled water was prepared, filtered through paper, 
and stored at room temperature in a sterile, chemically 
clean, glass-stoppered bottle. From this stock solution, 
by appropriate dilution with distilled water, a series 
of salines of diminishing NaCl concentration were easily 
obtained as required for the tests. The various salines 
in the series from strongest to weakest were always made 
the one from the other, and not directly, except in the 
case of the first, from the stock 10 per cent, solution. 
Parallel Sachs-Georgi test with normal and with syphilitic 
serum were then carried out in which salines of differing 
Sodium Chloride concentrations were used, and so arranged 
that the only variant in corresponding tubes of the 
parallel tests was the amount of Sodium Chloride present.
In each pair of tests (normal and syphilitic serum), the 
same saline was used both in the preparation of the antigen 
and for diluting the sera. The results showed that, within 
certain limits, the sodium chloride concentration may be
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varied considerably without there being any definite 
effect on the specificity of the Sachs-Georgi reaction, 
or on the intensity of the flocculation which occurs in 
the presence of syphilitic serum.
These are tabulated in appendix 28-27 and they may be 
summarised as follows: -

When the saline contains 1 per cent, or more 
of sodium chloride there is an increasing tendency for 
some flocculation to occur in the presence of normal 
serum, and if the sodium chloride concentration exceeds 
1.5 per cent, spontaneous flocculation of the antigen 
is frequently induced; such flocculation however not 
appearing until after incubation. It is of interest that 
this spontaneous flocculation of the antigen by the higher 
concentrations of sodium chloride is sometimes inhibited 
by normal serum, i.e. that flocculi appear in the antigen 
control although they are absent in the tubes containing 
antigen ♦ normal serum. This however is not the rule and 
when it has been observed the effect has been limited 
since, with still greater concentrations of sodium chloride, 
flocculation occurs both in the antigen control and in the 
presence of the serum. A similar effect has been noted 
by Georgi, and also by Meinicke. It is apparent therefore 
that the concentration of sodium chloride in the saline 
used in the Sachs-Georgi test must not exceed 0.9 per cent.
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if false positive results are to be avoided. At the 
lower limit of the range of sodium chloride concentrat
ions which have been investigated the results indicate 
that the presence of the electrolyte is essential for 
the purpose of the test, as practically no flocculation 
occurs with syphilitic serum if a saline containing 
less than approximately 0.2 per cent, sodium chloride is 
used. The critical concentration of sodium chloride in 
this respect was found to be 0.18 per cent, and the 
flocculation obtained with a saline of this strength 
proved to be very nearly as good as in parallel tests 
in which larger amounts (0.75 per cent.) of the salt 
were present. While studying the effect of varied sodium 
chloride concentration a control was ordinarily included 
in which no added electrolyte was present, i.e. water 
was used as the "saline" both in the preparation of the 
antigen and for diluting the sera. When distilled water 
was employed flocculation never occurred with syphilitic 
serum, but when tap-water was used fine but undoubted 
flocculi occasionally made their appearance, and it 
seems probable that such positive results are to be 
attributed to the traces of electrolyte which tap-water 
usually contains. From these observations oh the effect 
of varying the sodium chloride concentration it seems 
justifiable to conclude that discrepancies in the results
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of Sachs-Georgi tests with the same syphilitic sera 
on different occasions cannot he due to slight 
differences in the sodinm chloride eontent of the 
salines which may he used; some other factor must he 
responsible*

This conclusion is in keeping with what has 
heen recorded hy Munster, hut Sachs and Georgi specific
ally recommend the use of 0*85 per cent, saline since it 
had heen found hy Georgi, Georgi and Lebenstein, and 
Brandt that with weaker BaCl solutions there was a 
tendency for positive reactions to he less intense.
I have not heen ahle to confirm these observations as to 
the prime importance of 0.85 per cent, concentration.

Over a considerable period, on several 
occasions, saline containing 0.75 per cent, sodium chloride 
has been employed in routine tests with individual sera, 
and the results proved fully as satisfactory as in 
parallel series in which 0.85 per cent, saline was used. 
Some syphilitic sera did flocculate less markedly with 
the weaker saline but, on the other hand, others 
flocculated more strongly. These minor variations in 
the intensity of flocculation were quite irregular in 
their type and it seems more reasonable to ascribe them 
to individual peculiarity on the part of certain sera 
than to the use of saline of a particular strength.
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Use of Sodium Salts other than the Chloride. Since the 
presence of electrolyte had heen shown to he essential 
it seemed desirable to study the effect of varying the 
nature of the electrolyte used, and to this end experiments 
were undertaken in which, on the one hand, the anion was 
varied and, on the other, the kation. The question of 
the possible effect of changes in H-ion concentration 
through using salts whose solutions varied in reaction 
was also borne in mind, and the H-ion concentration of 
the different electrolyte solutions was therefore 
determined by indicator dyes.
Differing Anions. The following thirty-two Sodium salts 
have been used and, in every instance;,, a series of 
parallel tests has been carried out in which the only 
variant was the concentration of the particular electro
lyte.

Sodium acetate. 11a. 11b.
arsenate. 12, 13.
benzoate. 14, 15.
borate. 16, 17.
bromide. 18, 19.
chlorate. 20, 21.
chromate. 28, 29.

cinnamate. 30, 31.
citrate. 32, 33.

cresotinate (ortho-)
34, 35.

Sodium cresotinate (para-)
36, 37.

cyanide. 38, 39.
ferrocyanide.40, 41.formate. 42, 43.
hypophos phi te.

44, 45, 46, 47.
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Sodium hyposulphite. 48, 49.
iodate. 30, 31, 52.
iodide. 53, 54.

molybdate. 55, 56.
nitrate. 57, 58.

nitroprus s ide. 59, 60.
oxalate. 61, 62.

phosphate - Monobasic. 63, 64. 
phosphate - dibasic. 65* 
phosphate - tribasie.66. 
phospho-tungstate. 67, 68. 
salicylate. 69, 70.
sulphate. 71, 72.
sulphite. 73, 74.

sulphocyanide. 75, 76, 77, 78.
tartrate. 79, 80.
taurocholate. 81.

(She numbers Indicate the pages in the Appendix on whieh
the experiments are shown.)
In general, a 1 per cent, solution of the chemically pure 
salt in distilled water has constituted the stock supply 
from which the weaker solutions have been prepared, and, 
in order to eliminate as far as possible differences due 
to individual peculiarity on the part of a particular 
batch of heart-extract, two different samples of 
cholesterolised heart-extract (each of which was an 
optimum antigen) have been utilised in these tests. It 
is to be noted further that the same two samples of 
cholesterolised heart-extract were used for all tests 
included in this section, and therefore that comparison 
of results obtained on different days, or with different 
electrolyte solutions, is permissible.
The syphilitic serum for these tests was always a pooled
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specimen consisting of at least six sera each of whi<eh 
gave a strongly positive Wassermann reaction; the aetoal 
complement-fixing power of such pooled sera has teen deter
mined from time to time and it usually lay at upwards of 
20 minimum hsnolytic doses of complement. The normal 
serum was similarly a pooled specimen, representing a 
mixture of not less than ten sera each of which reacted 
negatively in the Wassermann test, and none of which was 
derived from a known treated case of syphilis. The 
Sachs-Georgi technique was employed hut, in place of the 
usual saline, the different electrolyte solutions were 
substituted in turn, i.e. the electrolyte solution was 
used both for the preparation of the antigen and as a 
diluent for the sera. A control with 0.75 per cent.
Sodium Chloride solution as the saline was included with 
each batch of tests.

The results may be summarised briefly by 
stating that any of the sodium salts in the foregoing 
list, except such as yield strongly alkaline solutions, 
can be used instead of the chloride without marked 
effect on the sensitiveness of the Sachs-Georgi test 
or on the intensity of positive reactions. Salts which 
in 1 per cent, solution proved markedly alkaline (e.g. 
tribasio phosphate, cyanide, borate, sulphite, chromate, 
benzoate, molybdate) yielded antigens devoid of turbidity,
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and usually devoid even of faint opalescence. With such 
antigens only slight flocculation, or no flocculation, 
occurred in the presence of syphilitic serum. The 
citrate, taurocholate, and phospho-tungstate solutions, 
although not alhaline in reaction, also proved unsuitable 
as substitutes for the chloride in the strengths in 
which they were tested. An exception was found in the 
case of Sodium Iodate which, although frankly alkaline 
in 1 per cent, solution, proved as suitable as sodium 
chloride, and this was confirmed by repetition of the 
experiment. Of the other sodium salts the only one which 
appeared to yield better positive reactions that Sodium 
chloride (without causing flocculation in the presence 
of normal serum) was the salicylate, but this superiority 
could not be confirmed on subsequent occasions, even when 
the same samples of electrolyte solutions were used. It 
seems certain that the coarser flocculation observed when 
this salt was first tested must have been due to some 
factor other than the nature of its anion.

Differing Eations. The possibility of replacing Sodium 
Chloride by neutral salts of other bases in the prepara
tion of the. saline used in the flocculation test was 
also investigated, and the results of experiments of this
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kind are shown in appendix 82-89.
In the case of the monovalent kations Potassium and 
Ammoninm (appendix 89), solutions of the chlorides 
proved as suitable for the purpose of the Sachs-Georgi 
test as a chemically equivalent solution of Sodium

■f

chloride, hut when salts with divalent kations were 
substituted the test was rendered useless. The 
chlorides of Barium, Strontium, Calcium or Magnesium 
(appendix 86-88), even when used in concentrations as 
weak as B/75, all caused spontaneous flocculation of 
the antigen. With still weaker solutions of these 
salts the antigen control remained free from flocculi, 
hut flocculation occurred with normal serum as markedly 
as with syphilitic, i.e. the results were non-specific, 
and it was not found possible to restore the specificity 
of the reaction by still greater reduction in the strength 
of these electrolyte solutions. The normal serum 
continued to show flocculation until a stage was reached 
at which the concentration of electrolyte was so weak 
that no flocculation occurred with any serum, normal or 
syphilitic. Magnesium sulphate (appendix 82-85) behaved 
similarly, while the chlorides of Mercury and Cadmium 
also proved unsuitable on account of their action in 
precipitating the serum proteins.
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These results are in keeping with the observations 
recorded hy Heukirch (1920) who found that IT/7 solutions 
of the bromide9 nitrate, acetate, or sulphate of Sodium 
and the chloride of Potassium could all be used instead 
of the corresponding sodium ehloride solution in the 
Sachs-Georgi test. They also confirm his finding that 
Magnesium and Calcium chlorides are unsuitable, but 
although in his hands the use of Ammonium Sulphate led 
to non-specific flocculation it is to be noted that this 
effect is apparently not produced by all Ammonium salts 
since the chloride, used in the present work, proved a 
satisfactory substitute for the similar Sodium salt.
The conclusion that the presence of electrolyte is 
essential for the purpose of the flocculation reaction 
is further borne out by ]Jeukirch,s failure to obtain 
flocculation in tests in which a solution of glucose 
was used as the "saline", and confirmation has been 
obtained of his finding that mixtures of Calcium chloride 
and sodium chloride offer no advantage over simple sodium 
chloride solution (cf. Witebsky). Various mixtures of 
these salts have been tried in the course of the present
studies but, in all instances in which the controls 
behaved satisfactorily,the flocculation obtained in the 
presence of syphilitic serum was much poorer than in the
parallel test in which plain sodium chloride solution
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was used as the saline* This was specially noteworthy 
on the numerous occasions on which Bingervs solution 
was employed; the results were specific hut they were 
invariably weak and therefore particularly difficult to 
read. The effect of sodium chloride in interfering 
with the precipitating action of calcium chloride, when 
mixtures of the two are used in the flocculation test, 
was noted by Neukirch and investigated in greater detail 
by Witebsky; it is of interest as affording an analogy 
to the earlier work of Neisser and Friedemann with 
mastic sol and trivalent salts.
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H-ion concentration of saline.

In view of the possibility that 
differences in the H-ion concentration of the saline 
used in the Sachs-Georgi test might influence the 
course of flocculation, detailed attention has been 
devoted to this point. The pH values of every batch of 
saline, and of every electrolyte solution, which has 
been used has been determined by indicator dyes (bromo- 
cresol purple; phenol red; Universal Indicator (B.E.H.): 
phenolphthalein) and it has been found: -
(a), that different samples of saline (0.85$ or 0.75$ 
sodium chloride in distilled water) show but little 
variation in H-ion concentration, as determined by this 
method;
(b), that the H-ion concentration of saline stored in a 
glass-stoppered bottle, at room temperature, for from
3 to 21 days ordinarily remains unchanged;
(c), that electrolyte solutions with pH values as widely 
different as pH =5.1 and pH = 9.0 may be perfectly suit
able for the purpose of the Sachs-Georgi test.
There is thus no evidence that slight differences in H-ion 
concentration of the saline are of importance in relation 
to flocculation in the Sachs-Georgi test, and it has 
further been found that even on rendering the saline
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sufficiently alkaline (by the addition of NaGH solution) 
to yield a definite red colour with phenolphthalein 
(pH = 9-10) no appreciable effect is produced in the test, 
either in respect of its specificity or the sensitiveness 
of the antigen.
The flocculation which occurs with a syphilitic serum is 
fully as coarse in the test in which the alkaline saline 
is used as in the parallel test with ordinary saline, and 
there is no flocculation with normal serum or in the 
antigen control. Such an observation is exemplified in 
appendix 204 and it seems sufficiently conclusive to 
dispense with the necessity for any further consideration 
of the role of slight difference in H-ion concentration 
of the saline in determining irregularity in the behaviour 
of the Sachs-Georgi test. Further reference to the 
question of H-ion concentration will be made later how
ever in connection with the studies on the antigen,

Age of saline. Munster, and Sachs and Georgi, recommend 
that the saline should be as fresh as possible, while 
the former states that he regularly observed spontaneous 
flocculation of negative sera when old saline was used. 
Nothing similar has ever been noted in my experience, 
and saline which has been stored for several months and 
used at irregular intervals has proved consistently 
satisfactory for the purpose of the flocculation test.
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Sterilisation of saline. In Glasgow it has not been 
found necessary to sterilise the saline for the Sachs- 
Georgi test. Samples, stored in a glass*stoppered 
hottle and used at irregular intervals, have remained 
uncontaminated by moulds or visible bacterial growth 
for as long as six months, and it has been immaterial 
whether the solvent was tap-water or distilled water.

Beduction of surface tension. Muller was of the 
opinion that the presence of certain chemical agents 
such as ether, acetone, chloroform, etc., favours 
flocculation as a result of the property of reducing 
surface tension, and it seemed worth while endeavouring 
to confirm his hypothesis. The results of the experi
ments are shown in appendix 98-103. Chloroform was used 
first of all and it was incorporated in the saline for 
the t4sts in concentrations ranging from saturation to 
1 in 6,400. The strongest chloroform-saline was prepared 
by adding excess of chloroform to a portion of the stock 
0.85$ sodium chloride solution in a glass-stoppered 
bottle, and shaking repeatedly during the ensuing 48 
hours in order to effect saturation. The weaker ehloro- 
form-salines were made from a 0.5$ solution of chloroform 
in saline by appropriate dilution with plain saline. 
Parallel Sachs-Geoigi tests were then carried out with 
normal and with syphilitic sera, so arranged that each
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serum was tested: -
(a), using saline without added chloroform,
(b), using salines containing varying concentrations 

of chloroform.
She results (appendix 98-99) show that the flocculation 
in the tests with syphilitic serum is fully as coarse 
and complete in the tubes without added chloroform as in 
those in which it is present, while when saline saturated 
with chloroform was used the sensitiveness of the test 
was definitely diminished. This is exactly the reverse 
of what was to he expected if Muller's hypothesis is 
correct.
Ether (0.5$ in saline) was used similarly, as shown in 
appendix 99, hut it exerted no appreciable effect on the 
course of the flocculation. In the case of acetone 
(appendix 100-101), not only was this reagent used in 
saline in the same way as described for chloroform (i.e. 
both for the preparation of the antigen and for diluting 
the sera) but its possible effect was also studied when 
added wholly to the serum, the antigen being prepared 
with plain saline in the routine manner. Even when 
present in a concentration of 5$ it proved to be quite 
without any effect in favouring flocculation. It is to 
be noted that for certain of these experiments the Sachs- 
Georgi technique was modified to the extent of testing
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a larger number of serum dilutions than the two used in 
the standard method, and that this procedure is 
specially suitable for revealing any action possessed 
by the reagents under investigation (Maekie). The 
use of chloroform, ether, and acetone thus failed 
signally to yield any evidence in support of Muller1 s 
contention and it has been further disproved by the 
results obtained with bile salt (appendix 102), a 
reagent which reduces surface tension markedly.
Solutions of sodium taurocholate when -ceed instead of 
physiological saline in the Sachs-Oeorgi test caused 
inhibition of flocculation (appendix 8i),and the same 
effect was apparent when the bile salt was used in 
conjunction with sodium chloride (appendix 102). Sera 
from cases of jaundice however have always been found 
to react normally. They flocculate only if the patient 
is a syphilitic, and such flocculation has hever been 
observed to be better than that obtained with non-icterio 
syphilitic sera tested at the same time, either in respect 
of its intensity or the range of serum dilutions in which 
it occurs (e.g. serum 6, appendix 208). Such results are 
not altogether surprising if one hears in mind that 
although there is no accurate method for the quantitative 
estimation of bile salt in serum (Wells) it is probably 
present, even in cases of severe hepatogenous jaundice,
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in amounts too small to influence the coarse of specific 
flocculation in the Sachs-Georgi test, e.g. 0* 1 gm. 
per litre (Gilbert, Chahrol and Benard). It is note
worthy however that in the Meinicke test (M.R.), in the 
preliminary stage of which all sera flocculate, some 
icteric sera flocculate poorly although the majority 
behave normally (Meinicke; Joel). It may well be that 
the unsatisfactory flocculation obtained with certain 
of these sera, under the special conditions of the 
Meinicke reaction, is related to their bile salt 
concentration.

There can be little doubt that Muller^ 
results must have been dependent on some factor other 
than the presence of chloroform, etc., and it may not be 
inappropriate to recall one*s personal experience when 
sodium salicylate was used as the electrolyte. This 
salt gave better flocculation than sodium chloride on 
the first two occasions on which it was used in the Sachs- 
Georgi test, but its superiority could not be confirmed 
on repetition of the experiments in spite of the fact 
that the same sample of sodium salicylate was again
employed. Moreover it must not be forgotten that alcohol 
is already present in the antigen used in the flocculation 
tests, and that its concentration is sufficient to
minimise an# surface tension reducing action of additional
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reagents such as chloroform. Far from favouring 
flocculation, the use of these reagents has jLh my 
hands either proved to be without demonstrable effect 
on the course of the Sachs-Georgi reaction or else it 
has led to definite inhibition of flocculation.
Diminution in the intensity of positive results is also 
associated with incubation of flocculation tests at 
temperatures higher than 37°C. (Mackie; Baumgartel;
Huber), and although this effect is not necessarily 
to be ascribed to the reduction in surface tension 
brought about by the increase in temperature it is 
permissible to observe that reduction of surface tension 
is bound to occur under these conditions and that floccul
ation is not favoured. The evidence which is available 
all goes to suggest that any action on the part of agents 
which have the property of reducing surface tension 
manifests itself not in the way of a favouring of 
flocculation but the reverse, and this is in keeping with 
what is known regarding the effect of such reagents on 
the stability of hydrophilic sols in general.(cf. Dognon).
As a rule they tend to increase the stability of such systems 
and, although exceptions are known, it seems probable that 
in the case of the mixture of serum and lipoid antigen 
constituting the flocculation test their action is 
ordinarily the stabilising one, and that their presence 
therefore is lifcely to hinder rather than to help.
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Formalin. During the present wort it was found that a 
certain hatch of heart-extract, prepared from human heart 
which had heen fixed in 10$ formol-saline and then washed 
thoroughly and dried prior to extraction with alcohol, 
failed completely as an antigen for the Sachs-Georgi test; 
no flocculation occurred with syphilitic sera. Since 
Kirdany (unpublished) had observed that the addition of 
small amounts of formalin interfered with specific 
flocculation in the Sigma reaction of Dreyer and Ward, 
it seemed possible that the presence of traces of this 
reagent which had not been removed by washing might be 
responsible for the failure of this extract as an antigen. 
Similar extracts prepared from dried heart which had not 
been subjected to preliminary fixation with formalin had 
already proved themselves suitable for use in the Sachs- 
Georgi test. Experiments were therefore undertaken to 
determine what concentration of formalin was sufficient to 
inhibit flocculation by syphilitic sera when tested with a 
standard optimum antigen (appendix 6), and in preliminary 
tests (appendix 90-91) it was found that the use of saline 
containing at least 1 part in 1,000 was necessary in order 
that a definite effect might be apparent. Accordingly for 
the subsequent work a 1 in 300 dilution of commercial 
formalin in saline (0.75$ HaCl) was used as the stock 
solution, and from this a series of increasing dilutions
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were prepared with plain saline, as required. Twenty- 
four syphilitic sera and five normal sera, all from 
individual cases, were examined and in every instance 
parallel tests were carried out using (a), saline withr- 
out added formalin, and (h), saline containing formalin 
in varying concentration. The results are shown in 
appendix 92-97 and they afford a striking demonstration 
of the very marked inhibitory effect which formalin 
produces in the Sachs-Georgi reaction. When present in 
a concentration of 1 in 500, in the saline used for the 
test, it inhibited flocculation completely in the case 
of 12 out of the 24 syphilitic sera tested, while with 11 
of the remainder it reduced the intensity of the floccul
ation from "++++" or "+++" to or "4". In most 
instances a concentration of 1 in 1,000 was sufficient 
to interfere markedly with the intensity of positive 
reactions and the effect was more obvious in the tube 
containing the larger amount of the test serum (0.1 c.e.). 
Only one of the sera (No. 5, appendix 93) was exceptional 
in that dts ability to flocculate proved relatively 
resistant to the inhibitory action of formalin, but it 
is noteworthy that even with this serum the effect of the 
formalin was evident and that it was greater in the 
presence of the larger serum volume. A similar zonal
effect associated with the presence of formalin is seen 
with 12 of the other sera and it is specially well
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exemplified in the case of Ho.4 (appendix 96) This 
observation is of considerable interest in view of the
suggestion offered by Mackie and others that the 
explanation of the zone phenomenon, whereby certain 
syphilitic sera cause flocculation only when tested 
in dilutions higher than those ordinarily used in the 
Sachs-Georgi reaction (cf. appendix 185), is to be 
sought in the presence of an inhibitory agent in such 
sera. They have suggested that by dilution of these sera 
the concentration of the inhibiting agent is gradually 
reduced until a stage is reached at which it is insufficient 
to interfere with the flocculating property of the serum; 
specific precipitation therefore then ensues. In the case 
of the formalin effect however, such a hypo thesis will 
only be satisfactory if one postulates further that the 
action of the foimalin is indirect, affecting primarily 
some constituent of the serum in such a way as to render 
it inhibitory to flocculation; or, alternatively, becoming 
itself inhibitory as a result of such an interaction.
With smaller serum volumes, or with lower formalin con
centrations, there might thus be produced insufficient 
amounts of the inhibitory substance to abolish specific 
flocculation, although sufficient to lessen it more or 
less markedly, depending on the degree to which either the 
serum or the formalin is diluted. In any of the tests
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under review, the concentration of formalin in the tube 
in which flocculation occurs is just as great as in the 
one in which it is inhibited, and as the volume of 
antigen and the total volume are also constant there 
can he little doubt that the inhibitionfdependent on 
an action of the formalin on the serum. Whether the 
effect is to be Interpreted as a direct or an indirect 
one is highly speculative, and in the meantime it would 
seem preferable simply to note that formalin consistently 
interferes with specific flocculation in the Sachs-Georgi 
test, and that in the majority of cases this interference 
manifests itself as a zone phenomenon. The possibility 
of change in the E-ion concentration of the saline 
sufficient to account for the absnnce of flocculation, 
and brought about by the addition of formalin, has been 
excluded; with several sanples of commercial formalin 
which have been used, the H-ion concentration of a 1 
in 500 dilution in saline, determined by indicator dyes, 
has been found to correspond with that of many batches 
of ordinary saline which have proved perfectly satis
factory for the purpose of the Sachs-Georgi test.
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(1).

(2).

(3).

(4).

(5).

(6).

Summary of Section (A).

The presence of electrolyte is essential for the 
purpose of the Sachs-Georgi test.
The concentration of electrolyte (sodium chloride) 
may he varied within considerable limits without 
affecting the delicacy of the test, hut if it 
exceeds 1$ there is a tendency for non-specific 
results to occur. With concentrationsof sodium 
chloride helow 0.2$ the intensity of specific 
flocculation diminishes rapidly.
Slight variations in the sodium chloride concen
tration of different samples of saline (0.85$ HaCl) 
cannot account for fluctuations in the sensitiveness 
of the Sachs-Georgi test.
Various sodium salts may he substituted for the 
chloride, provided that they do not yield strongly 
alkaline solutions. The citrate, taurocholate, 
and phospho-tungstate, although not alkaline, are 
also unsuitable.
The chlorides of Potassium and Ammonium may also he 
substituted for sodium chloride, hut salts of 
divalent bases are useless for the purpose of the 
test.
Variations in the H-ion concentration of different 
samples of saline (HaCl solution) are not of
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(6). importance so far aa the delicacy of the test 
is concerned.

(7). The addition of reagents which reduce surface 
tension, such as chloroform, acetone, or ether, 
exerts no favourable influence on the intensity 
of specific flocculation.

(8). Formalin, if present in the saline in a 
concentration of 1:500, inhibits specific 
flocculation.

•■".i V S J
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(B). SEEDM.

Age and storage. As a rule the sera which have been 
utilised in the course of the present work have been 
not more than seven days old when tested, and most 
of them have been used within 72 hours of withdrawal 
from the patients. Such samples, both individual 
sera and pooled specimens, have been kept in a cool 
place prior to examination and it has been customary 
in the case of individual sera (i.e. sera each of 
whieh is from a separate patient) to leave them in 
contact with the clot until the day of the test, when 
they are pipetted off and eentrifugaliaed. The pooled 
specimens are stored as serum alone (free from clot), 
and they are centrifugalised at the time of the initial 
mixing of the sera and again, if need be, just before 
inactivation on the day of the test. Occasionally 
older samples of syphilitic serum have been used, but 
such sera have invariably been kept frozen hard in a 
refrigerator and their specific flocculating properties 
have been found to remain unchanged for at least three 
to four weeks (appendix 150; 153). In some cases a 
strongly positive Sachs-Georgi reaction ( + +++ in 
both tubes) has still been obtained with a pooled 
serum which had been kept frozen for as long as six
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months, tut this has not teen the rule; such sera 
usually react weakly, Ho syphilitic serum however 
has yet been aicountered whose positivity in the 
flocculation test diminished rapidly in the course 
of a few days after its withdrawal from the patient 
(cf. Munster, Mackie), and when any tendency for 
slight weakening of the reaction with increasing 
age of the serum has teen otserved it has generally 
teen found that subsequent tests with the same serum, 
when still older, failed to confirm any deterioration 
in its flocculating power. Appendix 148 may te cited 
as an outstanding example. This pooled syphilitic 
serum gave a "++++ ++++" reaction when five days old
(heated at 56°C., twenty-four hours before test; when 
eight days old (heated at 55°C., twenty-five hours 
before test) the reading was distinctly weaker, "+++ ++",
but .when twelve days old (heated at 55°C., twenty-four 
hours before test) a "++++ +++" reaction again resulted.
Moreover, as will be referred to later, it failed to 
flocculate when tested on the sixth day (heated at 54°C.), 
but reacted "++++ ++++” on the eighth day under
identical conditions of inactivation. It is obvious 
therefore that the varying intensity of these floccu
lation results cannot have been due to a progressive
weakening of the reactivity of the serum, nor can it
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hare been dependent on the inaetivation. The only 
explanation which appears reasonable is that the 
batches of antigen used for the different tests 
varied in sensitivity, in spite of the fact that they 
were all prepared in the same way from the same 
cholesterolised heart-extract and the same saline.
It is very important that the occurrence of such 
fluctuations in the intensity of flocculation on re
testing the same serum should not be overlooked since 
it constitutes an ever present source of fallacy when 
endeavouring to assess the effect of any variation of 
the test conditions. Examples of similar fluctations 
with pooled syphilitic sera are shown in appendix 149, 
151 and 152, and with individual syphilitic sera (102, 
108, and 109) in appendix 136, 139, 140; from these 
it is apparent that the fluctuation is not always in 
the direction of a weaker result with the older serum.
In half of the cases it is the reverse, and, as these 
experiments have not been specially selected for 
tabulation but are typical examples, there does not 
appear to be any justification even for suspecting 
that the flocculating power of a syphilitic serum 
tends to diminish within a few days of the blood being 
shed. Indeed it is difficult to understand why Munster 
elected to recommend that the test should be carried out
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within three days of the withdrawal of the blood 
when he himself records a serum which gave a weal&y 
positive reaction when first tested, but a strong 
positive when re-tested four days later.

In the case of normal serum, there has 
been only one instance of any departure from negativity 
in the Sachs-Georgi reaction associated with increasing 
age of the specimen. All other normal sera, of which 
more than sixty have been subjected to repeated tests, 
have yielded consistently negative results, irrespective 
of their age or the conditions under which they had 
been stored. The exceptional serum (appendix 107) was 
a pooled specimen, prepared as usual by mixing at least 
ten.sera derived from patients free from clinical or 
serological stigmata of syphilis, and it showed no sign 
of bacterial contamination during the sixteen days that 
it was available for use. It was tested on eight 
occasions and the same batch of cholesterolised heart- 
extract was used in the preparation of the antigens 
for all the tests. When four, six, and seven days old, 
it caused no flocculation in any of the tubes of the 
extended form of test which was being used, but on the 
tenth day, and on four subsequent occasions, slight 
but distinct flocculi were present in one or more of
the tubes containing the highest serum concentrations,
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and these floecnli were not composed of bacteria. The 
semi controls and the antigen eontrols for these 
tests showed no flocculation. The reason for this 
abnormal behaviour is wholly obscure, but it is very 
unlikely that it was due to any factor outwith the 
serum itself, since other normal sera (both pooled and 
individual specimens) which were tested in parallel 
with it, on the days on which it flocculated, gave 
completely negative reactions. Such sera as flocculated 
on these occasions were either Wassermann positive 
also, or else they were from patients undergoing anti- 
syphilitic' treatment at a Venereal Diseases Centre, i.e. 
patients with a definite history of syphilis. One can 
but record the observation and emphasise that it was 
quite exceptional.

So far as the age of the serum for use in 
the Sachs-Georgi reaction is concerned, the outcome of 
one’s experience has been that^ within fairly wide 
limits, this is not a factor of any decisive signifi
cance in relation to the delicacy of the test, but that 
one may occasionally encouhter a serum whose behaviour 
in this respect is abnormal. One syphilitic serum has 
been observed (vide, p.59) which failed to flocculate 
when tested within a few hours of the withdrawal of the
blood sample, although reacting positively when four
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days old, and one presumably normal serum, which, 
reacted negatively during the first weefc, showed 
slight flocculating power in all later tests. In 
order therefore to eliminate such possible sources 
of fallacy it is desirable to avoid carrying out 
flocculation tests with freshly shed specimens of 
blood or with specimens which are more than seven 
days old. MLguehi and Yoshinare fired a similar 
limit for the age of the serum (7 days), but they 
make no reference to results with recently drawn 
specimens.
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Bacterial contamination. In the course of these 
studies when attention was “being directed principally 
to the serum and the influence of changes in it on 
flocculation, the only factor whieh has been found to 
interfere in any way with the Sachs-Georgi test is 
the occurrence of “bacterial contamination. This leads, 
not infrequently, to a haziness or definite turbidity 
of the serum which cannot readily he removed by 
centrifugalisation, and which introduces an additional 
difficulty in reading results. Bacterial growth has 
never been found to deprive a syphilitic serum of its 
specific flocculating power, but it has caused erroneous 
results in the case of normal serum owing to the appear
ance of a fine granularity in the tests which simulates 
specific flocculation (+ to +), and which cannot readily 
be differentiated from such. It is noteworthy that in 
such cases the serum control tubes rarely show any 
granularity, thereby rendering this source of fallacy 
all the greater. Sera therefore which show bacterial 
contamination are not suitable for flocculation tests, 
although they may behave satisfactorily in the Wassermann 
reaction, and when specimens have to be kept for several 
days it is desirable to store them in a refrigerator 
in order to lessen the risk of this source of fallacy.
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Lipaemia. Certain sera are met with from time to 
time which tend to separate when kept in a cool place, 
and to show a scum of lipoid nature which may at first 
sight suggest bacterial growth. Such sera however are 
in no way unsuitable for flocculation tests, and if 
they are thoroughly remixed prior to inactivation it 
has generally been found that the slight turbidity 
disappears at the temperature of the water-bath, or 
a* the temperature of incubation of the tests. Even 
sera of grossly lipaemic type have presented no 
fallacy in the flocculation tests; the reading of 
results may be a little more difficult owing to the 
greater turbidity of the antigen-serum mixtures, but 
granularity or definite flocculation has not been 
observed except in the case of specimens from cases 
of clinical syphilis.

Haemolysis. Serum from a sample of blood in which 
considerable spontaneous haemolysis has occurred is 
commonly encountered, but at no time has any evidence 
been obtained that the presence of such dissolved 
haemoglobin interferes with the Sachs-Georgi test; 
syphilitic sera flocculate, while normal sera do not. 
Since it is recommended however not to use serum 
showing haemolysis for certain modifications of the 
syphilis flocculation test (e.g. Kahn test), the effect
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of the addition of a haemoglobin solution to syphilitic, 
and to normal, serum has been investigated experimen
tally as follows:

The clot from a specimen of normal human blood, with
drawn twenty-four hours previously, is thoroughly 
broken up with a sterile glass rod, mixed with saline 
and centrifugalised at high speed. The supernatant 
fluid is pipetted off and the sediment is washed three 
times with sterile saline (0.75fo ITaCl solution). After 
the final washing, the last traces of saline are removed 
with a capillary pipette and 10 c.c. distilled water is 
added to the sediment in the centrifuge tube whose 
contents are then thoroughly mixed and allowed to 
stand at room temperature for ten minutes to permit 
of complete haemolysis. The tube is then centrifugalised 
until the deep red supernatant fluid is perfectly clear, 
and 5 c.c. of this is pipetted into a dry sterile tube 
and mixed with 5 c.c. of 1.5$ NaCl solution. A con
siderable amount of precipitate appears in the mixture 
and this is removed by centrifugalisation, and the 
clear red supernatant fluid, representing a saturated 
solution of human haemoglobin in 0.75$ saline, is 
pipetted off. This constitutes the haemoglobin sol
ution for the experiment and it is used as follows with
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four different sera, all of which are free from 
haemolysis: -

sertun (1), POOLED syphilitic serum, 7 days old. 
serum (2), Individual do. do., 3 days old.
serum (3), POOLED normal do.,12 days old.
serum (4), Individual do. do., 1 day old.

Serum (4) is from the specimen of blood from which the 
haemoglobin solution is prepared.
Parallel Sachs-Georgi tests are carried out in which 
each serum is tested v/ith, and without, added haemog
lobin and, for the latter, the haemoglobin solution is 
mixed with the serum prior to inactivation in order to 
reproduce as far as possible the conditions obtaining 
when testing a serum showing spontaneous haemolysis.
As a control, a third test is made with each serum in 
which the serum is heated (inactivated) after dilution 
with saline instead of with haemoglobin solution. It 
will simplify the description of the three tests if they 
are represented thus*. -

(a), serum heated at 55°C.
(b), serum diluted with an equal volume of haemoglobin 

solution and then heated at 55°C.
(c), serum diluted with an equal volume of saline and 

then heated at 55°C.
In order not to miss any effect whidh the addition of the 
haemoglobin might exert, the modified Saehs-Georgi
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technique (appendix 9) is used, and seven tuhes 
containing mixtures of serum and antigen are set up 
for every test instead of two. All tubes contain the 
same total volume, comprising 1.0 c.c. of a serum 
dilution and 0.5 c.c. of antigen, and an additional 
antigen control is included, as follows: -

saline---------- 0.8 c.c.
haemoglobin solution (heated at 55°C) 0.2 c.c.

antigen--------- 0.5 c.c.
The same antigen is used for the whole of the tests. 
The results of this experiment are shown in appendix 
109-110 and it is clear that the addition of the 
haemoglobin to the various sera, both syphilitic and 
normal, was without the slightest effect on their 
Sachs-Georgi reactions. This observation serves to 
confirm numerous personal experiences with other sera 
showing various degrees of spontaneous haemolysis, 
and it warrants acceptance of the view expressed by 
Munster and others that such sera are not unsuitable 
for use in the flocculation test.

BILE PIGMENT. Sera from cases with jaundiee have 
already been referred to (p.33), and the presence 
of bile pigments in serum has not been found to 
occasion any fallacy in the Sachs-Georgi test.
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SERUM CONTROL. The inclusion of a serum control as 
an essential part of the Sachs-Georgi test has 
invariably been practised but only on one occasion 
was it found to serve any useful purpose (vide p.95). 
Had it not been for this solitary exception I would 
agree with Meinieke, Mackie, Kahn, and others, that 
the setting up of serum controls is a waste of time, 
but there can be no doubt that although sera which 
flocculate spontaneously must be extraordinarily 
rare it is essential to exclude this possible source 
of fallacy. Bacterial growth as a cause of turbidity 
in a serum control is referred to by several authors 
(etg. Rice) but I have not observed it in any of my 
tests; its occurrence is probably dependent to a 
large extent on local conditions, (cf. p.48).
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IflACTIYATIOff. In the great majority of the modificat
ions of the syphilis flocculation test presently in 
use the patient’s serum is employed in the inactivated 
state, i.e. after preliminary heating in a water-hath 
at 55°C. The only notable exceptions are two of 
Meinicke’s reactions (Trubungsreaktion, "M.T.R", and 
KISrungsreaktion, "M.K.R") for which fresh, unheated, 
serum is used. Maekie, however, in the course of an 
experimental study of the flocculation test for 
syphilis, was led to conclude that the sensitiveness 
of the reaction as a serodiagnostic method was increased, 
without its specificity being in any way impaired, when 
fresh serum was used instead of serum which had been 
inactivated at 55°C He recommended further that the 
test should be carried out as soon as possible after 
withdrawal of the blood sample from the patient, since 
life found that the flocculating property of fresh 
(unheated) syphilitic serum diminished, the longer the 
interval between the shedding of the blood and the 
performance of the test. Mackie’s work in this 
connection has been repeated in the present studies, 
but his results have not been confirmed; indeed, 
with the sera which have been examined in Glasgow, 
the results have been practically the reverse. 
Arrangements were made with the physicians in charge
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of the Venereal Diseases Treatment Centre at the 
Western Infirmary wherehy the specimens of blood for 
Wassermann test were delivered at the laboratory 
within one hour of withdrawal from the patients.
These samples, which were received in batches, were 
centrifugalised as soon as they arrived and sufficient 
clear serum was pipetted off for the purpose of parall- 
-el Sachs-Georgi tests; (a), with the fresh (unheated) 
serum, and (b), with the serum after inactivation. 
Mackie*s method of employing a range of serum concen
trations instead of the two which constitute the 
routine technique of the Sachs-Georgi test was followed, 
since in this way a more extended comparison of the 
results obtained with the inactivated serum and with 
the fresh serum is possible (appendix 9). In the 
first tube for such a test, 2.0 c.c. of a 1 in 5 
dilution of fresh, or inactivated, serum is prepared; 
the remaining tubes each receive 1.0 c.c. saline. By 
withdrawing 1.0 c.c. of the contents of tube I, trans
ferring it to tube II, mixing and transferring 1.0 c.c. 
of the mixture to tube III and so on in the series, a 
range of increasing serum dilutions is easily and 
accurately prepared. From the last tube in the series
1.0 c.c. is withdrawn and rejected, so that, when this 
stage of the setting up of the tests is completed, each



(56)

tube contains 1.0 c.c. of a mixture of serum and 
saline. All the sera were dealt with in this manner 
and there were two rows of tubes for every specimen; 
the one containing fresh (unheated) serum and the 
other inactivated serum. When all the serum dilutions 
had been prepared, sufficient antigen was made for the 
whole batch of tests and 0.5 c.c. was pipetted into 
every tube; this proportion being the same as in the 
standard Sachs-Georgi technique. Serum controls, 
consisting of serum (fresh, or inactivated) 0.2 c.c.
+ saline 0.8 c.c. + alcohol-saline 0.5 c.c.,and an 
antigen control were always included as usual.

Using this method, it was found 
practicable to deal with as many as fifteen samples 
of blood at one time so that the completed tests 
could be placed in the incubator within three to 
five hours of the withdrawal of the specimens from 
the patients. A total of 110 sera, all derived from 
cases attending, or presenting themselves at, the 
Venereal Diseases Treatment Centre were subjected to 
this extended form of Sachs-Georgi test, and every 
one of these sera was tested both heated and unheated. 
The results are shown in detail in appendix 111 to 
appendix 127 where, for the sake of simplicity, the 
readings are tabulated consecutively, instead of in
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the form of separate tables for each day's tests.
This arrangement Is permissible since there was 
uniformly satisfactory behaviour of all controls 
during the five weeks over which this part of the 
investigation extended. The same sample of eholes- 
terolised heart-extract was used in the preparation 
of the antigens for all the tests, and the floccu
lation in the presence of the syphilitic sera, used 
as controls, was invariably of +++ or ++++ type in 
the tubes containing serum dilutions 1 in 10 and 1 
in 20 (Standard Sachs-Georgi test). The Wassermann 
reactions of the sera were also tested, usually from 
1 to 3 days later, and these are shown in the tables 
for the purpose: of comparison. It may be noted that, 
when any gross discrepancy existed between the 
Wassermann and Sachs-Georgi results, both tests were 
repeated and the original findings were confirmed.

The results obtained in the series of 
parallel testa with heated and unheated sera may be 
summarised as follows*. -

Sera showing HO flocculation in either test------ 47.
Sera showing flocculation in one or both tests 63

110.
With the 63 positively reacting sera, flocculation 
occurred*-
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Only with heated serum---------- -
Only with UNHEATED serum---------
With "both heated and unheated serum

34 eases
nil
29 eases

It is specially noteworthy that not one ease was 
encountered in which flocculation occurred only with 
UNHBATED serum, and that approximately one half (54$) 
of the 63 positively reacting sera failed to show any 
flocculation when tested UNSEATED. furthermore, a 
comparison of the intensity of the flocculation obtained 
with unheated serum as opposed to heated serum, in the 
case of the 29 sera which flocculated in both tests, is 
again unfavourable to the use of unheated serum;

flocculation equally good in both tests-----------■— 6
flocculation slightly better with unheated serum -----2
flocculation better with heated serum------------- 21

In continuance of the repetition of MackieTs work, ten
positively reacting sera from the foregoing series were 
re-tested later, when they were from three to seven days 
old (appendix 128-140). The tests were again carried 
out in the extended form (appendix 9), and each serum 
was used both heated and unheated. Three sera 
(appendix 131, 133, 136) which had failed to flocculate 
in the unheated state at the first test failed again 
when re-tested; heated however, they/
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flocculated as strongly as when similarly tested on 
the first occasion. The remaining seven sera had all 
reacted positively, both unheated and heated, when 
tested originally but, on re-testing, it was found 
that only four of them had retained any flocculating 
power in the unheated state, and that this was now 
weaker. After heating, they still flocculated as 
strongly as at first (appendix 129, 132, 137, 138).

Special interest attaches to the observa
tions with serum 108 (appendix 139). This serum, 
whose Wassermann reaction was positive, had failed 
to cause any flocculation (heated or unheated) when 
tested within four hours of its withdrawal from the 
patient. It was re-tested four days later with the 
following result: -

Sachs-Georgi reaction (unheated serum), Negative.
Sachs-Georgi reaction (heated serum), Positive. 

The possibility of an error having been made in carrying 
out either of the sets of tests was considered very 
carefully, but it seems as certain as it is possible to 
be in such matters that the safeguards in use were 
adequate to prevent an error in technique passing un
detected. All the other sera tested at the same time 
gave results in keeping with their Wassermann reactions, 
and the same control sera were used on both occasions
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and behaved equally well. It must be noted however 
that on the day of the second test the antigen control 
showed fine flocculation ( + ), and that it might be 
contended therefore that instability of the antigen 
on this occasion had rendered it more sensitive to 
traces of specific flocculating power possessed by 
this particular serum. That such was not the expla
nation can be stated with certainty, since a strong 
positive Sachs-Georgi reaction was obtained with the 
same serum (heated) two days later when spontaneous 
flocculation of the antigen did not occur. There 
seems little doubt, therefore, that one was dealing 
with a syphilitic serum which was unsuitable for the 
flocculation test until some time after the blood had 
been shed, and whose syphilitid nature would have been 
missed if the test had been carried out with the 
freshly drawn serum. It is not my desire to exaggerate 
the importance of such a source of fallacy in the 
flocculation test. The finding was quite exceptional 
and it is of interest chiefly in emphasising that sera 
are occasionally met with which are abnormal in their 
behaviour. One can but conclude that Mackie's sera 
which flocculated better when freshly drawn, and when 
unheated, come into a similar category, or that his 
results were dependent on the nature of the heart-
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extract which he used and the manner in which he 
diluted it. Ho example of this peculiarity — -
indeed no suggestion of i t  has "been demonstrated
in any of the 63 syphilitic sera specially investigat
ed in the course of the present work, and the evidence 
has all pointed to the marked superiority of heated 
serum over unheated serum for the purpose of the 
Sachs-Georgi test. Furthermore, if cognisance is 
taken of the exceptional serum which failed to 
flocculate when recently drawn, hut which reacted 
positively four and six days later, it would appear 
to he desirable to avoid carrying out flocculation 
tests with freshly shed specimens of blood in order 
to eliminate this possible source of fallacy. Watson 
subsequently confirmed that recently drawn samples of 
syphilitic serum, when used unheated, might fail to 
flocculate in the Sachs-Georgi test, and as he 
employed Mackie's technique in carrying out the tests 
(extended range of serum concentrations) his results, 
like those of Taniguchi and Yoshinare and those 
recorded above, are free from the objections raised 
against the original one-tube method. Georgi, Munster, 
Heukirch, and Sachs and Georgi, using the original 
method, have all recorded similar observations, and
concluded that unheated serum was unsuitable for the
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purpose of the Sachs-Georgi test.

Temperature of inactivation. Since no doubt can he 
entertained that it is essential for the satisfactory 
behaviour of the Sachs-Georgi test that inactivated 
serum should be used, the question of the optimum 
temperature for such inactivation falls to be 
considered. This may be approached in two ways;
(a), observation of the behaviour of the same 
syphilitic serum divided into several portions which 
are heated at different temperatures, and which are 
then all tested in parallel, at the same time, with 
the same antigen, or (b), reviewing the results 
obtained with a considerable number of syphilitic 
sera heated at different temperatures and tested 
with different antigens in the course of the routine 
application of the flocculation test over a period 
of several months. Both of these methods have been 
utilised and in appendix 146 examples are shown of 
parallel tests in which the same pooled sample of 
syphilitic serum, heated at different temperatures, 
has been used. The results obtained are in keeping 
with those of other workers (cf. Georgi, Neukirch, 
Watson) and it was not deemed necessary to pursue
this line of investigation further. At a tempera-



(63)

o-ture of 55 C* there is a falling off in the intensity
of the subsequent flocculation, while a similar
weakening is evident at the upper limit of the
temperature range studied (61°C.). is these extremes
however are quite outwith the range of temperature
variations likely to occur when a water-bath regulated
by a thermostat is used, the effect of such inactivation
temperatures on the course of the flocculation test is
not of practical importance. In the present work a
water-bath regulated at 55°G. to 56°C. has ordinarily
been employed for the inactivation of the sera, and the
same thermometer has been in use throughout. Any

o ofluctuations in temperature, below 55 0. or above 56 C.,
have either been produced intentionally for experimental
purposes, or they have been due to accidental, damage to
the thermostat, noted prior to the carrying out of the
tests.

The analysis given in appendix 154rl56 
of the results of 102 tests with 33 different samples 
of pooled syphilitic serum lends support to the 
conclusion that minor variations in the temperature of 
inactivation can have but little effect on subsequent 
flocculation. The actual teste on which the 
analysis is based were spread over a period of 
eighteen months, in the course of which several



(64)

different batches of eholesterolised heart-extract 
were used as antigen* All of these were optimum 
antigens, and every one of the sera reacted strongly 
positive in the Wassermann test, and was derived 
solely from cases of clinical syphilis* For pur
poses of comparison, the flocculation results have 
been classified in four groups:-

GROUP. SACHS-GEORGI READINGS.
I. = ++++ in both tubes of test.
II. = ++++ in one tube; +++ in the

other.
III. = +++ in both tubes of test.
17. = all other degrees of flocculation,

Groups I and II include all the strongly positive
flocculation reactions, while the feeble reactions
constitute Group 17. The results obtained with
sera which had been inactivated at 54°C. or 57°C.
are fully as satisfactory as those with sera

o ninactivated at 55-56 C. and, although the total 
number of tests in the former class is much smaller 
than in the latter, it may be permissible to note 
that the percentage of strongly positive reactions 
is practically the same in both (47$ and 44$). In 
the case of the feeble reactions (Group 17) the 
analysis again fails to indicate any unfavourable
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effect on flocculation of inactivation temperatures 
of 54°C. or 57°C. 34$ of the tests with sera 
inactivated at these temperatures come into Group 
IV, while with sera inactivated at 55° - 56°C. 35$ 
of the tests fall into the same category.

The opportunity may be taken here to 
emphasise that, in spite of the fact that one was 
working with pooled specimens of syphilitic serum, 
and that the tests were all carried out under 
optimum Conditions as far as these are known, only 
46 out of a total of 102 tests yielded strongly 
positive Sachs-Georgi reactions; further, that 36 
others (Group IV) gave flocculation of the type 
which is difficult to read and which, in a proportion 
of the cases, was liable to be overlooked (+ or + ). 
Such results are unfortunately in complete agreement 
with my general experience of the behaviour of the 
Sachs-GeOrgi test and they compare very unfavourably 
with what can be reasonably expected of the Wassermann 
reaction, especially in view of the unequivocal 
nature of the sera which were used.

As has been mentioned previously in this 
section it is very difficult indeed to assess the 
effect on flocculation of any one factor, such as 
variation in the temperature of inactivation of the
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serum, since other factors, only some of which are 
known, have prohahly been operative at the same 
time. An alteration in the intensity of flocculation 
associated with the use of a particular sample of 
serum is not necessarily to he ascribed to the 
special treatment to which that sample may have 
been subjected, and a repetition of the experiment 
may often yield an entirely different result. The 
ease shown in appendix 148 may be recalled as it 
merits special emphasis in this connection.

On 10:10:22 this syphilitic serum which 
had been inactivated at 54°C., instead of at 55°-56°C., 
gave no flocculation in the test, yet on 12:10:22 a 
further portion of the same serum, under exactly 
similar conditions of inactivation and tested with 
the same cholesterolised he art-extract as antigen, 
gave a ++++ reaction. It is on account of the 
relative frequency with which such apparently con
tradictory results have been encountered in 
experimental work that one is disinclined to attach 
much importance to effects which are associated only 
occasionally with modifications of some particular 
physical factor, and that it seems preferable, as 
in the present instance, to focus attention on a 
broad analysis of the results obtained in an extended
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series of reasonably comparable tests* So far as 
the question of the temperature of inactivation of 
the serum is concerned, my observations would appear 
to warrant the conclusion that any temperature 
between 54°C. and 57 °C* is suitable, and that with 
the use of a water-bath regulated by a reliable 
thermostat such fluctuations in temperature as may 
occur are very unlikely to account for the 
irregularities in flocculation which prove so 
vexatious in the routine application of the Sachs - 
Georgi test*
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Interval "between inactivation of serum and test. No 
specific reference has been found in the work of 
Sachs and Georgi to the length of time which should 
be allowed to elapse between the inactiva'tion of the 
serum and the carrying out of the test but Taniguchi 
and Yoshinare recommended that it should be several 
hours, and it is probable that they were influenced 
in this by Munster* s observations and by Meinieke*s 
statement that serum should never be used for his 
flocculation test immediately after inactivation. 
Meinicke believed that an interval was necessary to 
permit of stabilisation of the change induced in 
the serum by the heating, but he apparently based 
this conclusion on hypothetical considerations 
alone. In any case, so far as Taniguchi and Yoshinare 
are concerned, these workers were interested primarily 
in a comparison of the results of the Wassermann and 
Sachs-Georgi tests, and not in an experimental study 
of the latter, so tba technique which they employed 
was determined almost wholly by the recommendations 
of the original contributors, and not by personal 
investigation of the various factors which might 
influence the test.

Very shortly after the commencement of

the present studies, evidence began to accumulate
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which suggested that better results, in the way of 
coarser flocculation, were frequently obtained when 
the tests were carried out with sera which had not 
been allowed to stand for the usual four to six 
hours after heating, and detailed attention was 
accordingly directed to this point. A series of 
samples of pooled syphilitic serum were used and 
each serum was divided into several portions which 
were heated for half-an-hour in the same water-bath, 
at varying intervals before the test. The different 
portions of each serum were then all tested at the 
same time, with the same antigen, and it was usually 
arranged that the completed tests were ready for 
incubation within half-an-hour of the inactivation 
of the last portion of serum. An example of such 
an experiment is given in appendix 142 and, in this 
instance, the increased intensity of flocculation 
associated with the use of the most recently 
inactivated portion of serum is particularly striking.
It is comparatively rarely however that the variation 
in the results pbtained with the different portions 
of a serum has been so well marked, and in many in
stances no appreciable difference has been demonstrable 
(e.g. appendix 143, 144). In others (e.g. appendix 141, 
145) it has been so slight as to come within the limits
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of what has been observed when duplicate parallel 
tests have been carried out with a serum, using the 
same antigen for both tests (e.g. appendix 105-106).
None the less it is to be noted that, although the 
use of syphilitic serum immediately after inactivation 
has only very occasionally been associated with great 
increase in its flocculating power, no evidence has been 
obtained so far that a serum ever flocculates less 
strongly when tested immediately after inactivation 
than when tested after an interval of several hours.
The outcome of one*s experience in this respect has 
led to the conclusion that, in the Sachs-Georgi test, 
it is preferable to use sera as soon as possible after 
they have been inactivated, e.g. within half-an-hour, 
and that there is no necessity whatever to allow them 
to stand at room temperature for some time before use.
The analysis of the results of 102 tests with pooled 
syphilitic sera, to which reference has already been 
made in connection with the temperature of inactivation, 
(appendix 154-156) is of value in confirming the validity 
of this conclusion, since it shows that not only was the 
highest proportion of strongly positive Sachs-Georgi 
reactions obtained with the sera which were tested within 
half-an-hour of inactivation, but also that with these 
sera the smallest proportion of feeble reactions occurred.
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normal sera were of course included in this ex-peri- 
mental work and no tendency to non-specific floccu
lation was ever observed as a result of testing them 
immediately after inactivation. Meinickers contention 
therefore, although it may he justified so far as his 
particular form of the flocculation test is concerned, 
is not of general applicability and it is of interest 
that Kahn (1930) has now come to the conclusion that 
for his test also ,Tit is desirable to use the serum 
soon after heating, if possible, within 30 minutes”.
He recommends that, if it has to be kept for four 
hours or longer, it should be re-heated for ten 
minutes just before use.
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Summary of Section (B).
*

(1). As a rule, the age of the serum is not of 
importance so far as the delicacy of the Sachs- 
Georgi test is concerned. Freshly shed serum 
is undesirable and it is preferable to use 
specimens which are not more than a week old.

(2). Sera which show bacterial contamination are 
unsuitable for use in the flocculation test.

(3). lipaemic sera, bile-stained sera, or sera which 
show spontaneous haemolysis, occasion no fallacy 
in the test.

(4). Inactivaition of the serum is essential, and no 
useful purpose is served by carrying out duplicate 
tests with fresh (unheated) serum.

(5). Sera should be tested as soon as possible after 
inactivation.

(6). Fluctuations in the intensity of specific floccu
lation are not dependent on slight variations in 
the temperature at which the sera may have been 
inactivated. In general, any temperature between 
54°C. and 57°C. is suitable.
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(C). ANTIGEN.

In considering the question of the part which may 
he played in the flocculation test by factors which affect 
primarily the antigen it is necessary as a preliminary to 
make it quite clear that human heart muscle has been used 
as the source of the alcoholic extract for all the work 
to which reference will be made in this section. Sachs and 
Georgi prepared their original extracts from beef-heart, 
guinea-pig*s heart, or syphilitic liver, but in a later 
publication (1920) they stated that human heart is also 
suitable. Wodtke found human heart satisfactory and Tani- 
guchi and Yoshinare used it exclusively in the series of 
comparative tests which they carried out. Their flocculat
ion results are fully as good as those obtained by many 
other workers who used beef-heart antigens, and there is 
thus adequate precedent for employing human-heart extract 
in the Sachs-Georgi reaction without necessarily having 
to fear that it may be Inferior to beef-heart extract for 
the purpose of the test. It does not react with heterophil® 
antibody (Taniguchi) and it is therefore preferable to 
extracts made from guinea-pig's or horse's organs, a point 
of considerable importance /
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although one which appears to have been overlooked 
by several workers. The false positive results, 
for example, obtained by Georgi (1918), both in 
complement-fixation and flocculation tests in 
which guinea-pig’s heart-extract was used as 
antigen, are obviously explicable on the basis of 
heterophile antigen-antibody reactions; and the 
fact that sheep’s blood corpuscles contain hetero
phile antigen, although this has not been demon
strated in sheep’s organs, inclines one to regard 
the use of sheep’s heart-extract as less desirable 
than that of similar extracts from frankly non- 
heterophile species (cf. Mackie). It may introduce 
the possibility of a similar source of fallacy.
Human heart is used by Bruek; horse heart is 
preferred by Meinieke for the various tests which 
he has deviated (except the recent "Klarungsreaktion"), 
and by Vernes for "syphilimetrie"; beef heart is 
used by Eahn, by Sachs and Witebsky ("citoeholreaktion"), 
and now also by Meinieke ( "M.K.R.TT); calf's heart 
by Preyer and Ward (Sigma reaction), and by Pujarric 
de la Riviere. In the case of the last two, the 
preparation of the calf's heart-extract is carried 
out as described by Bordet and Ruelens but Meinieke, 
Vernes, Sachs and Witebsky, and Kahn detail special
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methods for their antigens to which reference will he made 
later (vide, p.106).

The titration of heart-extract in order to 
determine the optimum dilution in which to use it, and the 
optimum amount of cholesterol which should be added, is an 
essential step in the Sachs-Georgi technique, but,since 
this procedure involves dilution of the alcoholic solutions 
with saline,it may be well in the first place to discuss 
what effect such dilution may have on the final product as 
used in the test. Sachs and Georgi have contended ever since 
they introduced their test that the method of dilution of 
the cholesterolised heart-extract with saline is of prime 
importance in relation to the sensitiveness of the mixture 
as an antigen, and they apparently base this assertion 
mainly on the previous work of Sachs and Rondoni in con
nection with the antigen for the Wassermann test (vide, 
Browning and Mackenzie). Gaehtgens, Hohn, and Preiwirth 
also express the opinion that the sensitiveness of the anti
gen is probably dependent on the state of its dispersion, 
and therefore on the manner in which the dilution of the 
extract with saline is carried out. Georgi (1918), it is 
true, published a single set of experiments which had as 
its aim the demonstration of the effect on flocculation of 
variation in the method of dilution of the antigen, but his 
results are not convincing as the slight differences 
which he tabulates are no greater than what may well occur
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in any set of duplicate Sachs-Georgi tests. In the 
course of the present studies it was not long until 
doubts arose as to whether the importance of this 
factor had not been exaggerated, and considerable 
attention has therefore been devoted to trying to 
elicit information on this point.

Turbidity. The method of dilution recommended by 
Sachs and Georgi consists of pouring one volume of 
saline as quickly as possible into one volume of 
cholesterolised heart-extract, and immediately 
thereafter pouring the mixture from one tube to the 
other several times. Turbidity appears almost 
instantly and it Increases quickly in intensity.
The turbid emulsion is allowed to stand at room 
temperature for a short time and it is then further 
diluted with an additional four volumes of saline, 
the mixing being effected rapidly as in the first 
instance. The dilution prepared in this way con
stitutes the antigen used in the tests, but it is 
allowed to stand at room temperature for from five 
to fifteen minutes before being added to the serum-
saline mixtures in the tubes. Except for experimen
tal purposes this method has been rigorously adhered
to in the present studies and, in the tables shown
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in the appendix, any deviation from the standard 
technique is invariably indicated.

There can be mo doubt that the 
turbidity of the routine Sachs-Georgi antigen is 
wholly dependent on the amount of saline added 
to the heart-extract at the primary dilution, 
and the time that is allowed to elapse before 
diluting further. If a series of tubes is arranged 
each containing 1.0 c.c. cholesterolised heart- 
extract and if these are diluted in turn with 
volumes of saline ranging from 0.1 c.c. to 2.0 c.c.
(by increases of 0.1 c.c.), it is found that the 
addition of the smallest amounts of saline (0.1 
and 0.2 c.c.) fails to cause any trace of turbidity 
in the mixtures, but that as the proportion of 
saline to extract increases they become progressively 
more and more opalescent and finally turbid. If the 
volume of saline is in excess of the volume of extract 
there is a gradual diminution in the intensity of 
the turbidity, and this is rendered much more obvious 
when the final dilution of the mixture to 1 in 6 
has been carried out. The proportion of one volume 
of saline to one volume of extract generally falls 
within the zone in which maximum turbidity is 
produced and, as has been noted above, this turbidity
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tends to increase in intensity the longer the 
mixture is allowed to stand at robm temperature.
If the second stage of the dilution is carried 
out immediately after the first, a less turbid 
antigen is obtained than if an interval of five 
minutes or longer is allowed between the dilutions. 
With certain batches of heart-extract it has been 
found that the proportion of one volume of saline 
to one volume of extract, in the primary dilution, 
may not yield the most turbid antigen which can be 
prepared. The extract for example which was used 
for the experiments shown in appendix 167-168 gave 
maximum turbidity by mixing 1.0 c.c. with 0.75 c.c. 
saline and subsequently adding 4.25 c.c. saline, 
to make the final dilution 1 in 6., but this is to 
be regarded as exceptional and the standard Saehst- 
Georgi technique nearly always yields the most 
turbid antigen which it is possible to prepare by 
carrying out the dilution in two stages. An even 
more turbid emulsion can be oobtained by adding 
saline slowly, drop by drop, and shaking the 
mixture thoroughly all the time or, in the case of 
some extracts, by floating the extract on the saline 
and causing gradual mixing of the two by slow
rotation of the tube. As will be seen however,
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antigens made in either of these ways are often 
unsuitable for use in the Sachs-Georgi test.

The behaviour of a series of antigens 
of maximum turbidity, prepared in different ways 
with the same samples of cholesterolised heart- 
extract and saline, is exemplified in appendix 158, 
and 1677-170 which show that, although all the 
antigens were homogeneous in appearance when they 
were ready for use, certain of them flocculated 
spontaneously during the period of incubation of 
the tests. Such antigens are of course unsatis
factory and it will be noted that they include 
those in which the dilution was effected slowly 
and some in which an interval of more than ten 
minutes was allowed between the first and second 
additions of saline. It is apparent therefore 
that the technique recommended by Sachs and Georgi 
aims at producing an antigen of maximum turbidity 
compatible with sufficient stability for the 
purpose of the test. The most turbid antigens 
are unsuitable because they tend to flocculate 
spontaneously, but it must be emphasised that 
this behaviour is not always uniform. On several 
occasions a slowly diluted antigen, or a rapidly 
diluted one which had been allowed to stand for
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fifteen to thirty minutes between the first and 
second additions of saline, has proved sufficiently 
stable to remain homogeneous throughout the period 
of incubation of the tests. With such antigens 
however the element of uncertainty as to whether 
or not they will flocculate spontaneously is ever 
present, and they are undesirable for routine use 
on account of the relative frequency with which 
this occurs, thereby necessitating repetition of 
the whole batch of tests. In practice it has been 
found that the method of dilution originally 
prescribed by Sachs and Georgi is very reliable 
and that it is only on rare occasions that spontan
eous flocculation of the antigen is observed. 
Unfortunately however it does occur sometimes, with
out apparent cause,and I cannot agree with Mackie (1921) 
that the inclusion of an antigen control is unnecessary 
or that it is ever justifiable to dispense with it.

Sensitiveness. The problem of the relationship which 
may exist between the turbidity of an antigen and its 
sensitiveness in the flocculation test is beset with 
peculiar difficulties, not the least of which is the 
fact already referred to that slight but definite 
differences in the intensity of flocculation are 
observed from time to time in duplicate tests in
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which the same sample of syphilitic serum and the 
same sample of antigen are used, A series of such 
tests is shown in appendix 105-106 and it is t© 
be noted that, when one speaks of the same sample 
of antigen being used in each pair of tests, one 
means that sufficient 1 in 6 saline dilution of 
the cholesterolised heart-extract was prepared to 
serve for both tests, and therefore that exactly 
the same reagent was pipetted into all tubes. Saline, 
inactivated serum, and antigen dilution' , were all 
standing ready and duplicate tests were set up with 
them instead of one. When variations in the inten
sity of flocculation can occur in such circumstances 
it is not surprising that similar variations are 
frequently observed when a sample of serum is tested 
with two separately prepared dilutions of the same 
heart-extract with the same saline, and there can be 
little justification for assuming that such differences 
are necessarily due to undetected modification of 
the technique of dilution of one of the antigens 
(appendix 160, 161, 164, 165). Minor differences 
cannot be regarded as significant and, when one is 
studying the effect of varying the method of pre
paration of the antigen dilution deliberately, it is 
essential that a certain technique should usually be
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associated with definitely poorer, or definitely 
better, results before it can be permissible to 
conclude that this particular technique has any 
influence on the sensitiveness of the antigen.
With this in mind it has to be admitted that all 
attempts to prepare antigens of consistently 
diminished sensitiveness by some well defined 
departure from the standard technique of dilution 
have failed signally, except in the case of certain 
antigens which are wholly free from turbidity. The 
only success which has attended these efforts has 
been in the way of producing emulsions which 
flocculate spontaneously, i.e. which are hypersen
sitive, and which are therefore quite useless for 
test purposes. By no modification of the method 
of dilution of the cholesterolised heart-extract 
with saline have I ever succeeded in abolishing 
the sensitiveness of the resulting antigens, and I 
have therefore been quite unable to reproduce 
experimentally an antigen which, like the one cited 
at the beginning of this-summary (p. 11), would fail 
to show gross flocculation in the presence of 
pooled syphilitic serum.

Initially the effect of pouring the 
extract into the saline at the primary dilution, >
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instead of vice versa, was investigated 'but it was 
found that this had no definite influence on 
sensitiveness. Sometimes an antigen prepared in 
this way gave slightly poorer flocculation with 
syphilitic serum than a standard antigen tested in 
parallel with it, but there was often no appreciable 
difference, and sometimes the result with the 
modified antigen proved the better of the two.
Appendix 158 will serve to illustrate the usual 
findings. Similarly, as is exemplified in appendix 
167-168, the effect of allowing a longer interval 
than five minutes between the first and second 
dilutions is ordinarily either insignificant or 
undetectable, unless indeed it leads to spontaneous 
flocculation of the antigen. Thepossibility of 
temperature variations being a factor of importance 
was next considered and antigens were prepared with 
saline at 0°C., at room temperature, .warmed to 55°C., 
or heated to 100°C. Examples of such experiments 
are shown in appendix 159, 166, 169, 170, and it is 
clear that any differences in flocculation whieh 
occurred were either trivial or else they appeared 
in one set of tests but not in another. In the case 
of appendix 159, for example, the antigen prepared 
with saline which had been heated to 100o q. flocculated
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comparatively poorly with the syphilitic serum used 
on that occasion, hut this was quite an exceptional 
observation. As a rule such an antigen has been 
found to react just as well as the control prepared 
with saline at room temperature and, as is shown in 
appendix 166, it is often possible actually to boil 
the antigen without producing thereby the slightest 
impairment of its sensitiveness. Boiling the 
antigen, however, is one of the instances of a 
modification in technique which has occasionally 
been associated with the occurrence of spontaneous 
flocculation, and it would appear that stability 
or instability in this respect may vary with different 
samples of cholesterolised heart-extract. Some 
extracts indeed when diluted with saline are so 
relatively unstable that they precipitate at once 
on being brought to the boil, e.g. "oitochol" 
extract (Sachs and Witebsky). Shaking the antigen 
vigorously in a shaking-machine, centrifugalising it 
for fifteen minutes at approximately 4,000 revolutions 
per minute, or allowing it to stand for from nine to 
twenty-four hours before use have also all proved 
ineffective in depriving it of sensitiveness or even 
in rendering it relatively insensitive.

Since the r<$le of such factors in
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influencing the sensitiveness of the antigen could 
thus be discounted, attention was directed 
specifically to the effect of varying the turbidity 
of the emulsion which is used in the test. In all 
these experiments the ultimate dilution of the heart- 
extract is 1 in 6, so that the various antigens are 
all of the same strength although differing in 
physical appearance, and it is to be noted also that 
the extracts are all optimum antigens (vide, appendix 
6-8). It was mentioned previously, in connection 
with the dilution of cholesterolised heart-extract 
with saline, that great differences in turbidity can 
readily be produced by varying the proportions in 
which these are mixed in the initial stage, and that 
an antigen of maximum turbidity is obtained when the 
saline is added drop by drop to the extract, with 
constant shaking of the mixture. Minor differences 
in turbidity, when using the same proportions of 
saline and extract, are observed as a result of 
variation in the rate at which the two reagents are 
mixed, or in the time that is allowed to elapse 
before the second stage of the dilution is carried 
out. These slight differences are best detected by 
the method used in standardising the opacity of
bacterial suspensions, viz. by comparing the blurring
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effect on clearly printed type when it is viewed 
through tubes of uniform calibre containing the 
suspensions. It was found that, fudged in this 
way, there is often a difference in the opacity 
of two samples of the same Sachs-Georgi antigen, 
depending on the total volume of the dilutions 
which have been prepared, and it is not improbable 
that this is related to slight variation in the 
rate at which thorough intermixture of the saline 
and heart-extract has been effected. Many 
observations have since been made with pairs of 
antigens differing only in their total volume, 
and several experiments of this kind are tabulated 
in appendix 160 to 165. From these it is apparent 
that any variation in the intensity of flocculation 
obtained with the different antigens is very slight, 
and that the result is sometimes in favour of the 
smaller volume but just as often the reverse. More
over, similar variation occurs not infrequently with 
two antigens of the same total volume, e.g. appendix 
160 and 161, in spite of the fact that no difference 
in opacity can be detected. Tery turbid antigens, 
prepared either by the drop method of dilution or 
by floating the extract on the saline and mixing 
very slowly (appendix 158, 167, 169), have not
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proved more sensitive tban the definitely less 
turbid control antigen, and they have the great 
disadvantage of tending to flocculate spontaneous
ly. At the other extreme, when one resorts to the 
use of antigens of feeble turbidity, the evidence 
which has been obtained is very conflicting. It was 
noted in the section in which variation in the 
concentration of the electrolyte was being considered 
that many syphilitic sera still showed ++++ floccu
lation in the presence of as little as 0.2$ NaCl 
(a strength which yields an antigen of very slight 
turbidity)* and that certain sodium salts which could 
be substituted for the chloride yielded antigens 
which were only faintly opalescent. It was apparent 
therefore that diminished turbidity of the antigen 
did not necessarily imply diminished sensitiveness, 
but that such an effect might possibly be associated 
with the use of a particular sample of antigen, or 
with a particular sample of serum. It must be 
emphasised however that one is disinclined to attach 
major importance to the part played by the serum 
in determing such results,in view of the fact that 
one was using pooled specimens from undoubted eases 
of syphilis with strongly positive Wassermann 
reactions. A very large number of such specimens
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has now been tested, both by the standard Sachs- 
Georgi technique and by the extended quantitative 
method (appendix 9), and all the results have pointed 
to the remarkable uniformity of reacting power 
possessed by such specimens. In the quantitative 
test their behaviour is very consistent (vide, 
appendix 128-140, "Syphilitic serum"), and the 
zone phenomenon so frequently seen with individual 
sera is for practical purposes avoided completely.

Apart altogether however from the use 
of antigens of varied turbidity it has been found 
that antigens which are devoid of the slightest 
trace even of opalescence may still give well marked 
flocculation in the presence of syphilitic serum; 
sometimes fully as intense as with the turbid 
antigen used as control. As will be seen, such a 
result depends very largely on whether the dilution 
of the heart-extract is made with saline or with dis*- 
tilled water, and it is also influenced by the volume 
of serum used in the test. The relative lack of 
sensitiveness of an antigen made by diluting the 
extract rapidly, and all at once, with five volumes 
of saline is referred to by Mackie (1921), and on 
the occasions on which such an antigen has been used
in the present work the results have invariably



(89)

confirmed his observation. Appendix 167-168 is a 
typical example of such an experiment, and it 
shows how unfavourably the flocculation obtained 
with the rapidly diluted antigen compares with that 
obtained in the control (standard technique)* but 
it has to be noted that although the flocculation 
is poor it is easy to detect on account of the 
total absence of turbidity in the serum-anti gen 
mixtures. A somewhat different result however is 
obtained in tests in which the antigen is prepared 
by diluting the heart-extract rapidly with five 
volumes of distilled water, instead of saline, 
and these experiments will therefore be considered 
in some detail.
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3ugden and Williams (partly unpublished), 
as an extension of their work on the action of 
protective colloids, carried out some observations 
with pooled specimens of human serum and the 
antigen used in the Sachs-Georgi test. They had 
already found that no essential difference could he 
demonstrated between normal and syphilitic serum 
so far as its action in protecting arsenious sulphide 
sol from precipitation by electrolyte was concerned, 
and that the curve of precipitation and protection 
obtained in such experiments was strictly comparable 
with that in similar experiments in which gelatine 
had been used as protective colloid instead of serum.
A very striking difference between the two sera was 
revealed however when Sachs-Georgi antigen replaced 
the arsenious sulphide sol. A zone of precipitation 
occurred with both sera, but the mixture of syphilitic 
serum and antigen showed greater sensitiveness to the 
precipitating action of the electrolyte than did the 
mixture of normal serum and antigen. They were 
inclined to think that this zone of precipitation 
betokened some specific interaction between serum and 
antigen, as it had apparently no homologue in their 
experiments with serum and arsenious sulphide sol, 
and they suggested tentatively that the difference
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between syphilitic and normal serum was of a 
quantitative rather: than a qualitative nature. 
Furthermore, for the purpose of experimental 
studies, they did not regard with any favour 
the practice of diluting cholesterolised heart- 
extract with saline (electrolyte solution)* as 
such a procedure is calculated to yield sols of 
varying physical constitution and therefore 
possibly variable in their properties. This 
opinion is of considerable interest and import
ance coming from workers who were considering the 
question solely from a physico-chemical standpoint, 
and who were not conversant with the literature 
of the syphilis flocculation reaction or with the 
difficulties which are experienced in its routine 
use. They emphasise the necessity of varying all 
the reagents in such a system as that comprising 
the flocculation test,and the desirability of 
preparing the antigen by diluting the extract 
with distilled water,if one wishes to obtain some 
insight into the mechanism of the reaction.

In view of these suggestions, a 
series of experiments has been carried out in which 
a 1 in 6 dilution of cholesterolised heart-extract 
with distilled water has served as the antigen,
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and in which the concentrations "both of electrolyte 
and serum have been varied in parallel tests.
Sodium chloride was used as the electrolyte and a 
solution of 83J/5 strength (the symbol "N" is used 
with its customary chemical significance) served 
as the stock from which higher dilutions could be 
prepared. The serum for the experiments was 
inactivated as usual, and parallel series of 
dilutions of each serum were prepared with electro
lyte solutions of diminishing strength,so that each 
tube might contain 1.0 c.c. of a serum-electrolyte 
mixture. Finally 0.5 c.c. of the antigen was added 
to every tube, its contents were mixed, and the tests 
were incubated at 37°C. for twenty-four hours or 
longer. The mixtures are free from any trace of 
opalescence or turbidity and they remain so unless 
precipitation occurs. Readings are therefore easy 
to make. Preliminarily it was necessary to determine 
the upper limit of electrolyte concentration beyond 
which flocculation is induced in the antigen control 
(antigen + electrolyte solution), and the limits of 
the zone in which precipitation occurs in the 
presence of serum; haring fixed these points, it 
was possible to use a more restricted form of 
experiment for subsequent tests, and so to examine
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several sera at one time. The initial experiment 
is shown in appendix 171-173 and it was found that 
turbidity appeared in the antigen contra! if the 
BaCl concentration was 4N/15 or higher, and that 
both normal and syphilitic serum caused precipi- 
tation in the presence of concentrations of 
electrolyte at or below U/60. It will be noted 
that the presence of serum (normal or syphilitic) 
interferes with the precipitation of the antigen 
by the higher electrolyte concentrations (162T/15 
to 4B/15); the protecting effect is evident with 
all concentrations of normal serum (1/8$ - 16$) 
but, in the case of syphilitic serum, it is less 
complete (1/8$ - 4$).

This protective action of normal 
serum has already been referred to in connection 
with previous work (e.g. p. 19) and it appears to 
be a very constant phenomenon. It is clear that, 
within certain limits, syphilitic serum exercises 
a similar action since, in the present instance, 
it not only protected completely when in concen
trations of 1/8$ to 4$, but also protected partially 
in concentrations of 8$ and 16$. ]Jo opalescence 
or turbidity was observed in the tubes containing 
16B/15 NaCl and 8$ or 16$ of serum although it was
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present in the corresponding antigen control. A 
complete duplicate set of tests was also carried 
out with the same two sera in which a 1 in 6 
dilution of absolute alcohol with distilled water 
was used instead of antigen, thus constituting 
serum controls, hut no turbidity or precipitation 
appeared in any of these tubes. For the later 
experiments therefore, in which individual specimens 
of normal and syphilitic serum were used instead of 
pooled samples, the electrolyte concentrations were 
restricted to the range 2H/15 to H/lEG, and serum 
controls were omitted except in the case of the 
highest serum concentrations.

The results of seventeen such tests 
(six normal sera and eleven syphilitic sera) are 
shown in appendix 176-184, and from these it is 
evident that flocculation occurs with normal serum 
when the concentration of electrolyte is H/30 or 
less, provided that the serum concentration does 
not exceed 8$. Ho change occurs in any of the 
tubes outwith these limits. It is to be noted 
further that the flocculation is definitely zonal. 
With electrolyte concentrations of U/30 and H/60 
the bulkiest precipitates occur when the serum 
concentration is from l/2$ to 1f o ,  while, with
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larger or smaller proportions of serum, precipi
tation becomes progressively less copious and 
finally ceases. When w/120 electrolyte is used, 
the zone of precipitation is broader but it still 
shows a distinct tendency to reach a maximum with 
increasing concentration of the serum,and then to 
tail off as the serum percentage continues to rise. 
Four of the six normal sera gave no flocculation 
until the electrolyte concentration fell below 
W/30, and with the two which did flocculate at this 
point the slight change was apparent in two or three 
tubes only. The result to which one would draw 
specific attention is that, provided the electro
lyte concentration was N/30 or higher, none of the 
normal sera caused any flocculation when present 
in concentrations of over 2$, and that with a serum 
concentration of 16$ no flocculation occurred in 
the presence of any of electrolyte solutions which 
were used. This will be referred to again later.

Appendix 174-175 is the record of an 
experiment with a specimen of normal serum which 
is the only example of its kind that I have ever 
encountered. Flocculation occurred in the serum 
controls and, had they not been included, the 
result would have been very misleading. It is



(96)

obvious however that this serum does not constitute 
an exception to what has just been stated with 
regard to the flocculation obtained with normal 
sera in general; the upper zone of precipitation 
which occurred in the serum-antigen mixtures can be 
discounted in view of the similar zone of precipi
tation in the corresponding serum controls. The 
serum, whose Wassemann reaction was negative, was 
twelve days old when tested and had been stored 
in the refrigerator. It was deeply bile stained, 
but free from any trace of turbidity, and when 
retested three days later it again flocculated 
in the same serum controls.

In the case of each of the syphil
itic sera a zone of flocculation is present which 
corresponds very closely indeed with the zone 
shown by normal serum, in that precipitation 
occurs with low concentrations of serum when the 
electrolyte concentration falls to u/30 or less.
Just as with normal serum, this precipitation 
reaches a maximum with serum concentrations of 
from \/Zfo to Vfo, and beyond this it tends to 
fall off. The outstanding feature however of the 
results obtained with syphilitic sera is the 
occurrence of precipitation in a zone which has
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no counterpart in the tests in which normal serum 
is used, and which is characterised by the appearance 
of turbidity or sedimentation in all tubes containing 
8fo or 16$ of serum, especially in those in which the 
electrolyte concentration is highest. This is 
common to all syphilitic sera which hare been examined, 
but individual variations occur both in respect of 
the intensity of the flocculation and the limits of 
serum and electrolyte concentrations with which it 
appears. Serum 4 for example (appendix 177), when 
present in a concentration of 1$ and upwards, caused 
flocculation with 2N/15 NaCl, but the majority of 
the sera failed to show flocculation with this 
strength of electrolyte until their concentration 
reached 4$ or over. Syphilitic serum thus differs 
from normal serum in that it causes precipitation 
in the presence of higher electrolyte cconcentrations 
and that, with low electrolyte concentrations, it 
still causes precipitation outwith the zone in which 
this occurs with normal serum. It will be noted 
that with these low electrolyte concentrations the 
upper end of the zone of precipitation common to 
both syphilitic and normal serum is overlapped by 
the zone peculiar to syphilitic serum, thereby 
leading to the appearance of two points of maximum 
sedimentation; the one when the serum concentration



(98)

is from l/2# to 1# (common to both sera), and the 
other when it reaches 16# (peculiar to syphilitic 
serum). This is definitely apparent in the Case 
of 8 of the 11 individual samples of syphilitic 
serum, as well as with the pooled specimen, and it 
suggests very strongly that the zone of precipi
tation associated with low concentrations of serum 
and electrolyte is dependent on a property possess
ed by all sera, and that syphilitic serum may 
differ qualitatively rather than quantitatively 
from normal serum; it causes precipitation in a 
zone of high serum and high electrolyte concent
ration in whieh normal serum is ineffective and 
which is essentially discontinuous with the zone 
of precipitation common to both sera (cf. Brandt). 
Overlapping of the two zones may mask the gap 
between them to a greater or less extent but the 
results afford no evidence that the upper zone is 
a direct extension of the lower. If sueh tests 
are examined after 12-15 hours incubation it has 
been found that the two zones are sometimes then 
quite separate, and that it is only after longer 
incubation that opalescence or precipitation makes 
its appearance in the intervening tubes.
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These experiments have also proved 
instructive in confirming what had heen observed 
previously in connection with the instability of 
the antigen in the presence of higher concentrat
ions of sodium chloride. Referenoe has been made 
to the fact that spontaneous flocculation of the 
antigen occurs frequently in the standard Sachs- 
Georgi test when a saline containing more than 
1.5$ IfaCl is used, and, in the present instance, 
opalescence appeared in the antigen control tube 
containing 45/15 laCl (1.56$), although with lower 
concentrations of electrolyte these controls 
remained perfectly clear.

There can be little doubt that an 
antigen prepared in the routine manner by diluting 
cholesterolised he art-extract with saline (0.85$ 
5aCl) behaves differently in the presence of most 
syphilitic sera from a similar antigen prepared 
with distilled water; the former has consistently 
been found to show well-marked flocculation with 
as little as 0.006 e.c. of a pooled serum, whereas 
with the latter it has been exceptional to find 
flocculation with less than 0.06 c.e. (4$). In 
this respect the saline-antigen is the more 
sensitive but It has to be noted that, although It
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undoubtedly reacts with smaller volumes of 
syphilitic serum than the water-antigen, it 
sometimes reacts very poorly with the larger of 
the two serum volumes ordinarily used in the 
Saehs-Georgi test (zone phenomenon), and on at 
least one occasion a syphilitic serum has been 
encountered which failed to flocculate at all 
unless very small volumes were used (appendix 
185). This serum was re-tested on two subsequent 
occasions with precisely the same result so that 
there is no question of the zone phenomenon having 
been due to some chance factor which affected one 
particular batch of tests. The tendency for certain 
syphilitic sera to flocculate poorly when tested in 
relatively high concentration is not uncommon, and a 
1 in 5 dilution (0.2 c.c.) cannot be regarded as the 
optimum proportion for a one tube test. This has 
been my usual experience and it has not been 
specially associated with the use ox any one batch 
of heart-extract but has occurred with all the 
antigens which I have prepared. Furthermore the 
same phenomenon was observed by Wodtke and by 
Taniguchi and Yoshinare ,both of whom concluded that 
it was advisable to use at least two serum volumes
in the routine test. Such results do not appear
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i» be dependent in any way on the use of human 
heart as a basis for the antigen, as workers who 
have used beef-heart (e.g. Krishnan), or sheep*s 
heart (e.g. Mackie), have recorded the occurrence 
of a similar zone phenomenon in their tests. It is 
somewhat surprising therefore that the technique 
of the test, as still prescribed by Sachs and Georgi, 
should be restricted to the use of a single serum 
volume (0.2 c.c.) since this seems likely to increase 
the number of poor flocculation results without, so 
far as I have been able to judge, ever enabling one 
to detect a syphilitic serum which would otherwise 
have been missed. In the limited number of tests 
which have been carried out with an antigen diluted 
with water, and adjusting the electrolyte concen
tration if need be by us ing a stronger saline for 
diluting the serum (e.g. appendix 186-188), no 
suggestion of a zone phenomenon of this type has 
been observed but, on the other hand, this method 
does not hold out any hope of yielding more uniform
ly good results with syphilitic serum (floeculaltion 
of "++++" type) than the standard method. In the 
tables which are shown (appendix 176 - appendix 182) 
there is just as great variation in the intensity 
of individual reactions as what occurs when the
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standard technique is used, and, although the 
precipitation is relatively easy to detect on 
account of the absence of any trace of turbidity 
from the initial mixtures, critical examination of 
every tube independently is still imperative. More
over^ test of this type involves the use of a 
comparatively large amount of serum and, as such, 
it is less desirable than one for which a smaller 
volume suffices. The precipitation too is slower 
in its appearance and an incubation period of 36 
hours is required for optimum results.

In the Saehs-Georgi test therefore 
it has been found that the sensitiveness of the 
antigen, so far at least as its capacity, for 
reacting with small amounts of serum is concerned, 
can be modified with certainty by diluting the 
heart-extract with distilled water instead of with 
saline, and that an antigen prepared by diluting 
the extract rapidly and all at once with saline is 
less sensitive than a corresponding antigen made by 
carrying out the dilution in two stages. None of the 
modifications of the two stage method of dilution 
however has ever succeeded in providing an antigen 
of consistently diminished sensitiveness, and no 
satisfactory explanation has therefore been obtained
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of the varying sensitiveness of antigens prepared 
in the routine way, on different days, from the same 
samples of eholesterolised heart-extract and saline. 
There is strong reason none the less for suspecting 
that such variations are most likely to be related 
to slight differences in the physical state of the 
antigens, and it seems certain that their physical 
state is very largely dependent on factors which 
are operative at the moment when the saline is 
added to the extract. Once this dilution has been 
effected, the resulting antigen may be subjected 
to a variety of relatively extreme physical shocks 
(e.g. boiling, shaking, etc., )without producing 
any definite modification of its sensitiveness, as 
gauged in the flocculation test, and yet, as has 
been shown, twin samples of antigen, prepared at 
the same time with the same extract and the same 
saline, may differ demonstrably in their capacity 
for reacting with the same syphilitic serum. Some 
evidence of the influence which factors associated 
with the act of dilution may exert on the physical 
state of the antigen is obtained if one prepares 
a series of antigens from the same eholesterolised 
heart-extract and saline, but using 1.5$ NaCl 
instead of 0.85$, and if one takes all possible
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care to ensure that every one of the antigens is 
quantitatively the same as any of the others, and 
that the method of dilution is uniform throughout 
the whole series. In such experiments it has been 
found that some of the batches of antigen may

o«flocculate spontaneously, after incubation at 37 0., 
while others do not; in one instance two out of 
six flocculated and, in another, one out of four.
It is thus possible to demonstrate conclusively 
that gross variations do occur in the physical 
state of antigens prepared apparently identically 
and subjected to identical conditions subsequently, 
although the nature of the factors which determine 
the differences remains unknown. It seems not 
unreasonable to assume that minor degrees of varia
tion in physical state may also be possible which 
are insufficient to lead to observable physical 
change,but which may yet be detectable in a biological 
test such as the flocculation reaction. In the 
example whioh has been quoted, a saline of higher 
sodium chloride concentration than usual was employed 
in order deliberately to increase the probability 
of precipitating the antigen, but it may be recalled 
that the routine antigen itself, diluted with physio
logical saline, sometimes flocculates spontaneously
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in spite of customary care in its preparation; 
evidence of variation in the physical state of 
the antigen is thus occasionally available even 
when the standard technique of the test is 
strictly adhered to.

It must be emphasised that the 
Sachs-Georgi antigen is not alone in proving some
what fickle in its sensitiveness, but that all the 
other methods which have been devised for carrying 
out the syphilis flocculation reaction are associat
ed with similar uncertainty as to how any one 
sample of antigen dilution will behave as compared 
with another, and that the authors by whose names 
the various methods are designated are all of one 
mind as to the existence of a relationship between 
physical state and sensitiveness. Satisfactory 
proof of such a relationship however is lacking. 
Unfortunately, too, their unanimity of opinion 
extends no further, and there is complete absence 
of agreement both as to the particular physical 
state which characterises an antigen of optimum 
sensitiveness and the method best suited for prepar
ing such an antigen at will. Meinicke in his earl
ier work ( "M.R.", "M.D.R." ) stresses the importance 
of using distilled water for the primary dilution
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of the heart-extract, in order that the resulting 
turbidity of the mixture may occur gradually, as 
he believed that in this way greater uniformity 
in the physical state of different samples of 
dilution could be obtained. When the dilution is 
made with saline, turbidity appears instantly and, 
as its intensity is dependent on the rapidity 
with which mixing is effected, it is difficult to 
control. At this period he was apparently unduly 
influenced by the results of some experiments in 
relation to an analogous flocculation test for 
glanders,in which he had obtained definite evidence 
that the sensitiveness of his glanders antigen was 
intimately related to its turbidity. He admits that 
in the syphilis flocculation test he had failed to 
find evidence of any similar relationship and In his 
more recent tests ("M.T.R.", "M.K.R.") he has 
departed altogether from the water method of dilut
ion and now uses hypertonic salines (3$ and 3.5$). 
Yemes attaches so much importance to the physical 
state of the antigen employed in his test that an 
electrically driven mechanical mixer and a 
standardised dropping pipette are deemed essential 
for the process of dilution of the heart-extract. 
Double distilled water serves as the diluent, and
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into this the extract is dropped at a constant 
rate while a glass propeller, rotating at a 
constant speed, keeps the mixture in motion.
Dreyer and Ward similarly make use of a slowly 
diluted antigen for their Sigma reaction, hut in 
this case 0.9$ NaCl solution is the diluent and 
it is dropped into the extract at a constant rate 
from a height of 36 centimetres. These authors 
claim that antigen dilutions prepared on different 
days,and strictly in accordance with their instruct
ions,are identical in physical state and sensitive
ness. Of this however no proof is offered, and 
other workers have undoubtedly observed fluctuations 
in the intensity of the flocculation obtained in 
repeated Sigma tests with the same syphilitic serum 
(^e.g. Jones, Norel), although they have sought to 
ascribe them to factors other than varying sensitive
ness of the antigen. In the case of the more recent 
tests devi&ed by Kahn and Sachs and Witebsky, the 
antigen employed is not an emulsion or sol but a 
suspension of a relatively coarse precipitate and 
it is therefore totally different from antigens of 
the Sachs-Georgi type. None the less it is 
emphasised in these instances also that the method 
of diluting the heart-extract with saline, in order 
to produce the precipitate, is of prime importance
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to the sensitiveness of the antigens And that 
sensitiveness depends on the size of the particles 
constituting the precipitate, i.e. on physical 
state. These tests will he referred to later, 
hut it may he stated here that in my hands the 
Kahn and "citochol” antigens have proved no more 
satisfactory than the Sachs-Georgi antigen so 
far as uniformity in their sensitiveness is 
concerned.

The difficulty which is experienc
ed in preparing antigens of uniform sensitiveness 
from the same sample of heart-extract has an inter
esting parallel in the work of Sugden & Williams 
on protective colloids. They found that far the 
purpose of their experiments it was necessary to 
carry out the whole of their tests at one time, 
with the same solution of gelatine, as gelatine 
solutions prepared on different days, although of 
the same strength and made in the same way from 
the same sample of gelatine, varied in their 
protecting power when tested with the same stable 
arsenious sulphide sol and the same electrolyte 
solution. The antigen for the syphilis floccu
lation reaction is thhs not unique in its /
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peculiarity of varying in its properties from 
day to day, and it is specially noteworthy that 
an analogous hydrophilic sol like gelatine has 
been found to show somewhat similar variability, 
under relatively simple physico-chemical condit
ions. The tests carried out by Sugden & Williams 
are at least uncomplicated by biological factors 
such as are operative in a serological system in 
which the possibility exists for a specific 
antigen-antibody reaction.

OPTIMUM ANTIGEN. Sachs and G-eorgi specifically 
indicate the need for titrating every batch of 
heart-extract in order to determine the degree 
to which it should be diluted with alcohol, and 
the proportion of cholesterol which should then 
be added, so that a eholesterolised extract of 
optimum sensitiveness may be prepared. Their 
observations had led them to conclude that dif
ferent samples of heart-extract vary in their 
lipoid content, both quantitatively and quali
tatively, and that for the purpose of the 
flocculation test the relative proportions of 
lipoid and cholesterol present in the antigen 
are of greater moment than their absolute amounts.
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The technique of the titration which they prescribed, 
the complete details of which are given in appendix 
6-8, involves testing a known syphilitic and a 
known normal serum with twelve different antigens, 
all made from the same sample of heart-extract 
but varying in lipoid and cholesterol content, 
and selecting the particular antigen which gives 
the coarsest flocculation with syphilitic serum 
while showing no flocculation with normal serum 
or in the antigen control. It is advisable to 
choose the two best antigens, as judged in this 
way, and subsequently to test them in parallel, 
on several occasions, with a series of known 
normal and known syphilitic sera before finally 
deciding which of the two is on the whole the 
more satisfactory. The stock heart-extract is 
then diluted in bulk with alcohol and cholester- 
olised so as to yield the mixture which has thus 
been found to constitute the optimum antigen, 
and such eholesterolised heart-extract should be 
stored in a stoppered bottle and kept at room 
temperature. It merely requires dilution with 
saline in the routine manner in order to provide 
the antigen used for the flocculation test,and
it retains its properties unchanged apparently
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indefinitely.
An example of a titration of 

optimum antigen is shown in appendix 189-195 
and it is evident from the preliminary test 
(appendix 189) that the antigens designated A4 
and B2 were incomparably superior to all the 
others* Accordingly these two were used in 
parallel on four subsequent occasions,in a 
series of tests with 49 individual sera,and the 
results, which are summarised in appendix 195, 
are shown in detail in appendix 190-194. Briefly 
stated, the flocculation results with the A4 
antigen agreed with those of the Wassermann test 
in 34 cases and disagreed in 15, while with the 
B2 antigen they agreed in 35 cases and disagreed 
in 14. The relatively large number of disagree
ments is readily accounted for since ,on one of 
the days,both antigens were practically devoid 
of sensitiveness (appendix 191-192), thus 
affording another extreme example of antigenic 
inconsistency of the type which wa.s considered 
in detail at the beginning of the summary (p. 1 1 ) 
and which, as has already been discussed in the 
present section, it has not proved possible to 
reproduce experimentally. No cause for the lack
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of sensitiveness of the antigens on this 
particular day could be discovered and it is 
specially remarkable that two separately pre
pared dilutions of different samples of 
eholesterolised heart-extract (A4 and B2) 
should both have shown the same peculiarity 
in the same batch of tests. Moreover it was the 
same two extracts which were in use when the 
previously recorded failure occurred (p.11 ), 
and on that occasion also the lack of sensitive
ness made itself apparent not only with the 
routine antigens but also with the experimental 
antigens in which sodium hypophosphite or sodium 
sulphoeyanide replaced sodium chloride. These 
observations almost compel one to seek the 
explanation of the phenomenon in a factor or 
factors which affected the tests as a whole on 
these days, and not merely the antigens, but all 
efforts to trace such a factor have proved futile. 
Temperature of inactivation of the sera, tempera
ture of incubation of the tests, temperature of 
the laboratory in which the tests are set up, 
cleanliness of glassware, purity of the atmosphere 
of the laboratory and of the incubator (freedom 
from chemical fumes, etc.), reaction of the saline,
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time occupied in setting up the tests, duration 
of incubation, shaking of racks, have all been 
investigated; even factors such as barometric 
pressure, time of day, and season of year have 
been considered but all have had to be dismissed. 
No modification of these factors such as is 
possible under ordinary test conditions has ever 
succeeded in causing syphilitic serum to fail to 
flocculate, and it has invariably proved equally 
impossible to prepare an antigen devoid of 
sensitiveness by any modification of the two 
stage method of diluting eholesterolised heart- 
extract. In spite of this, one has experienced 
these chance instances of total failure of the 
flocculation test on several occasions, and with 
extracts other than the two which are presently 
under consideration. Although they are instruct
ive, in so far as they constitute extreme examples 
of the fluctuations in sensitiveness which the 
Sachs-Georgi antigen has been found to exhibit 
from day to day,they are disappointing in that 
they have afforded no clue whatever as to the 
underlying cause.

This series of tests with 49 sera 
merely confirmed the preliminary observation thdt
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antigens A4 and B2 were much alike in their 
behaviour, and little help was obtained towards 
deciding which was the better, although it was 
noted that flocculation with B2 was on the whole 
less coarse than with A4 (the more turbid antigen). 
Accordingly., both antigens were employed in the 
whole of the experimental work in which different 
sodium salts were being used as the electrolyte,and 
these results appear in the tables in section A of 
the appendix (in the horizontal columns marked 
"control”). A4 proved to be the antigen which 
consistently gave the coarsest flocculation with 
syphilitic serum, while showing none with normal 
serum or in the antigen control, and it was finally 
selected therefore as the optimum antigen from this 
particular batch of heart-extract. It will be 
obvious from the detailed description of this 
example of a titration of optimum antigen that the 
final decision can only be made after a fairly 
extensive trial of two or more lipoid-eholesterol 
mixtures,selected from the larger series in the 
preliminary test. It is not improbable that the 
recommendation of Sachs and Georgi, that at least 
two antigens should always be employed in routine 
tests, has been determined by the relative difficulty
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of ever being sure that any one eholesterolised 
extract is necessarily the optimum for all 
syphilitic sera. Appendix 196 is another 
example of a preliminary titration, but in this 
case the only mixture which gave satisfactory 
flocculation was B2. In the usual series of 
subsequent tests it proved itself to be the 
optimum antigen from this batch of heart-extract, 
thus corresponding with the original antigens 
used by Sachs and Georgi who found that, as a 
rule, the B2 mixture contained the optimal pro
portions of lipoid and cholesterol. This however 
has not been my experience and, with the extracts 
which I have prepared, one or other of the "An 
series of mixtures has generally been the most 
satisfactory.

It may be noted that pooled 
samples of serum have invariably been used for 
these preliminary titrations, in order to avoid 
as far as possible the variability in reacting 
power which is often associated with individual 
sera, but that, even taking this precaution, one 
is not entirely successful in eliminating such 
differences. This is borne out by the examples 
shown in appendix 197-200 in which a series of
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optimum antigen titrations of two batches of heart-
extract are carried out with several samples of
pooled syphilitic serum. For appendix 197, parallel
titrations of a heart-extract were set up at one
time with three specimens of pooled syphilitic
serum, and the results show that although serum 3
flocculated comparatively’ poorly it reacted best
with the A4 mixture,as also did serum 1. Serum 2
however gave the best flocculation with antigens
B3 and B4 and it was accordingly re-tested on two
subsequent occasions (appendix 198), when the
superiority of these two antigens over all the
others was confirmed. Antigen A4, ’which proved

the
as a result of long experience to be/optimum 
antigen from this batch of heart-extract, was 
thus not the best antigen for this particular 
syphilitic serum, although admittedly it did 
not fail to detect it, and if this serum had 
been used alone in the preliminary test the A4 
antigen, which took third place, would not have 
been selected at all for further investigation.
The "C" series of mixtures do not as a rule 
yield such coarse flocculi as the others, even 
when the results have to be recorded by the same

number of plu? signs, and for this reason they
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are purposely omitted from consideration. The 
second group of tests, with another hatch of 
heart-extract, is shown in appendix 199-200 and, 
while exemplifying the same point, they illustrate 
yet another type of result which is sometimes 
obtained when titrating an optimum antigen. On 
the first occasion on which this extract was 
tested, ten out of the twelve antigens prepared 
from- it seemed to be equally good,but on re-tit
rating twice later, with the same serum, differences 
made their appearance and the nA TT series of mixtures 
proved themselves better antigens than the other 
two. The extract was then re-titrated with three 
different samples of pooled serum (appendix 200), 
the tests^being carried out in parallel, and it was 
found that the "A” series was still the best with 
sera nos. 1 and 3, but not with no. 2. The pre
liminary titration of this extract was not therefore 
particularly helpful, and for the subsequent tests 
with individual sera considerable difficulty was 
experienced in deciding which antigens to use. Al, 
A2, and B3 were finally selected for further 
investigation and, of these, A2 gave the most 
uniformly satisfactory results in an extended 
series of observations. Just as in the preceding
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instance, it is to be noted that, if by chance 
serum no. 2 had alone been used in the prelim
inary titration, the A2 mixture, which took fourth 
place, would not have merited further consideration; 
indeed that the mixtures of the "B" series were 
all either as good as, or better than, the corres
ponding "A" series mixtures.

These experiences emphasise that 
the titration of optimum antigen is a procedure 
which demands a great deal of time and care if it 
is to be carried out in a manner which is at all 
likely to be satisfactory, and that, even then, 
it is not calculated to ensure that the antigen 
ultimately selected is the optimum antigen for all 
syphilitic sera. Particularly must it be noted 
that, although all the sera used in the above 
experiments were pooled specimens, considerable 
variations in their reacting powers with different 
antigens were none the less demonstrable. Similar 
variations are even more prominent with individual 
specimens of serum, and their use in the preliminary 
titration was found to make the choice of the two 
best antigens so difficult that it had to be 
abandoned. The rQ'utine therefore which has been 
adopted is to use pooled samples of serum for the
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initial titration, and to repeat this titration 
two or three times so as to increase the 
probability of choosing the two antigens which are 
really the best. These two are then tested out 
in parallel with a series of fifty or more indivi
dual sera, and the final decision is based on the 
results obtained in these tests. There is one 
further point in connection with the preliminary 
titration which has always to be borne in mind, 
namely that, as twelve separate saline dilutions 
of eholesterolised heart-extracts have to be made, 
there is always the possibility that apparent 
inferiority of one or more of the antigens in 
any one test is dependent on a relative lack of 
sensitiveness of the particular saline dilution 
which is used on that occasion, and not on an 
inherent lack of sensitiveness on the part of 
the lipoid-cholesterol mixture from ufoich it has 
been prepared. Variations in sensitiveness of 
this type have already been considered in detail 
and they appear to furnish the most likely 
explanation of a result such as was obtained with 
antigen B3 in the second test shown in appendix 
199. This source of fallacy, taken in conjunction 
with the possible variability in reacting power
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of different samples of pooled serum, makes it 
imperative that the primary selection of the 
two "best antigens should not he made on the 
strength of a single preliminary titration, hut 
that this form of test, tedious though it is, 
should he repeated several times.

Heart Extract. The method of preparation of the 
heart-extract originally recommended hy Sachs and 
Georgi (appendix 5) has stood the test of time 
and experience, and, so far, no radical change has 
heen suggested hy any of the workers who have given 
their attention specially to the question of the 
antigen. The proportion of 5 parts of alcohol, hy 
volume, to 1 part of moist heart, hy weight, has 
heen confirmed hy Rosenberg to be the least which 
will yield a suitable extract, and he found that 
such an extract did not differ essentially in its 
antigenic properties from one prepared by extracting 
the same weight of heart with ten volumes of alcohol. 
Vermast and Krishnan advise standardising the 
extract so that it may contain a definite weight of 
extractives, or a definite weight of extractives + 
cholesterol, per unit volume, but the proportions 
which they select as optimal differ by as much as 
100 pSr cent, and neither of them makes any reference
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to Sachs and Georgi*s method of titrating optimum 
antigen. In a general way they come to the con
clusion that different extracts vary in their 
lipoid content, and so require adjustment,by 
appropriate dilution with alcohol and addition of 
cholesterol fin order to render them best suited 
for test purposes, hut as this is precisely what 
Sachs and Georgi emphasised originally it would 
not appear that there is anything essentially 
new in the recommendations of these workers. For 
the more recent modifications of the flocculation 
test, the preparation of the antigen from moist 
heart has heen superseded hy the use of dried 
and powdered heart, which is extracted preliminarily 
with ether in order that an alcoholic extract suit
able for test purposes may he obtained. This is 
a return to the method originally used hy Meinicke 
who found that the extract of moist human heart 
for the Sachs-Georgi test could he replaced hy an 
extract of the same heart, dried, provided that 
the dried product was subjected first of all to 
treatment with ether. He believes that the water 
present in fresh heart dilutes the alcohol used 
in extraction sufficiently to prevent its acting
as a solvent for fatty substances which can inter
fere with flocculation, and that, when dried
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heart is ■used, these substances, unless removed 
by preliminary extraction with ether, pass into 
solution and so render the extract unsuitable for 
the test. I have confirmed Meinicke^ observation 
that direct alcoholic extracts of dried human heart 
do not yield suitable antigens for the Sachs-Georgi 
test but that excellent antigens can be obtained 
if the dried heart is first of all extracted with 
ether. An example of the preliminary titration of 
such anjpxtraet is shown in appendix 201-202 and, 
at first sight, it seemed much superior to the 
average samples of Sachs-Georgi extract with 
which I had at that time had experience. Hot 
only were the flocculi very coarse but complete 
sedimentation was obtained when syphilitic .serum 
was tested with any of the antigens of the ,TAn 
or nBTT series, as well as with two of the four 
in the nC" series. Subsequent Investigation made 
it clear that such a result was not the usual one, 
with this particular sample of extract, and that 
it showed just as great variation in its capacity 
for reacting with different syphilitic sera, both 
pooled and individual specimens, as a Sachs-Georgi 
extract which had been prepared in the orthodox 
manner from a portion of the same heart in the
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fresh, undried, state. Its behaviour in the first 
test was thus analogous to that of the Sachs-Georgi 
extract shown in appendix 199. Flocculation always 
tended to be somewhat coarser with the antigen from 
dried heart than with the corresponding Saehs-Geoigi 
antigen (cf. Sachs), but this slight advantage was 
insufficient to compensate for the extra time and 
trouble involved in drying the heart and treating 
with ether, as preliminaries to extraction with 
alcohol. Indeed one is of the opinion that if 
such relatively complex procedures should prove 
necessary in order to obtain an optimum antigen 
for the flocculation test, especially when one 
remembers that different samples of extract vary 
in constitution as well as in reacting properties , 
no matter how they may be prepared (Georgi;
Meinicke; Stilling; Sachs, Elopstoek & Ohashi; 
Kahn; Krishnan), the test becomes fully as com
plicated as the Wassermann reaction and therefore 
restricted in its possible usefulness. The 
variability shown by extracts prepared from dried
heart is well exemplified in the case of the Kahn

(151)test to which reference will be made later (pda.1) 
Preliminary extraction of dried heart with acetone 
has also been tried, on the analogy of the antigen
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•used in the Sigma reaction, hut it has not proved 
satisfactory for the purpose of the Sachs-Georgi 
test. An example of such an extract is shown in 
appendix 203 and,in subsequent tests,it was found 
to yield even poorer flocculation when individual, 
instead of pooled, specimens of serum were used.
It is of interest to note that this extract was 
prepared from the same sample of dried heart as 
the Meinicke extract shown in appendix 202, and 
to compare the flocculation results obtained.
The extract of acetone-insoluble lipoids yielded 
the best antigens in the nC” series of dilutions, 
while this same series included the poorest 
antigens from the Meinicke extract. This finding 
would appear to he related to differences in the 
selective solvent actions of acetone and ether, 
whereby the former fails to remove certain con
stituents which are unfavourable to flocculation 
as completely as the latter. It has already been 
stated that a suitable antigen for the Sachs-Georgi 
test was not obtained on direct extraction of this 
dried human heart with alcohol, no matter how highly 
the extract was subsequently diluted, but it is 
obvious that preliminary extraction with either 
acetone or ether left a residue from which an
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alcoholic extract of some value for test purposes 
could be prepared. The extract from the acetone 
residue required greater dilution to make it 
suitable for use than did the Meinicke type of 
extract, although both extracts were prepared from 
the same proportions of dried heart and alcohol.
If Meinicke*s explanation (p.121 ) is correct, then 
ether is a more efficient solvent than acetone for 
the constituents of dried heart which interfere 
with flocculation; but it tends to remove the 
specific flocculating substance as well,since the 
alcoholic extract of the ether-residue showed 
weakening of its reacting power,on dilution,more 
quickly than the corresponding extract of the 
acetone-residue (nC" series dilutions). These 
experiments on varying the method of preparation 
of the heart-extract did not afford any indication 
of the possibility of improving the Sachs-Georgi 
test along such lines, and there seems little 
doubt that the simple procedure recommended 
originally by Sachs and Georgi is as satisfactory 
as any (cf. Rosenberg). A poor extract has 
occasionally resulted but the great majority have 
proved suitable, provided that the initial tit
ration of optimum antigen was properly carried out.
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One is convinced that adherence to simplicity 
of technique as far as possible, rejecting a poor 
extract should this be obtained, is preferable 
to resorting to complex procedures which, at 
their best, are restricted in their usefulness 
and which fail to eliminate the major difficulty, 
variability in the intensity of flocculation pro
duced by different syphilitic sera when tested 
with the same antigen. These remarks refer 
specifically to the Sachs-Georgi test but they are 
also applicable to other modifications of the 
syphilis flocculation reaction, for the special 
conditions of which special antigens are sometimes 
an essential feature.

Cholesterol etc. The addition of cholesterol to 
extracts used in the flocculation test is due 
to the work of Sachs and Georgi who found that, 
as was already well known in the case of the 
Wassermann reaction, this reagent had the property 
of intensifying the results and thereby in increas
ing the specificity of the test. Their original 
observation in this respect has been fully confirmed 
by other workers and, as was shown by Georgi, there 
is an optimum amount of cholesterol for any particular
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sample of heart-extract. This also has heen 
confirmed hy all workers who use cholesterol- 
ised-extracts except Kahn who, so far, still 
adds a fixed proportion to his antigen, and 
those who favour the Sigma reaction (Bordet 
and Ruelens antigen). In the case of the 
latter however, Horel found that the sensi
tiveness and the specificity of this test 
were influenced favourably by increasing the 
amount of cholesterol in the antigen. Meinicke 
has all along avoided the use of cholesterol 
for the various tests which he has devised, 
and he attains the desired degree of sensi
tiveness in the different antigens by employ
ing higher concentrations of electrolyte or 
by the addition of tolu balsam, either alone 
or supplemented with benzoic acid. Similar 
resinous substances have found favour for the 
same purpose with other workers, and gum 
benzoin has been used by Bujarrie de la 
Riviere and by Sachs, Klopstock and Ohashi; 
^gamboge by Bujarric de la Riviere; Peruvian 
balsam by Hartmann; while Yoge has sought to 
base a serological test for syphilis on the 
differential precipitating action of normal
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and syphilitic serum on a simple benzoin sol.
The Yernes reaction (syphilimetrie) is exception
al among tests which are nowadays practised on a 
large scale in that the antigen contains no added 
cholesterol or resin. The antigen used by Brack 
is also prepared from a simple heart-extra ct, while 
Kiss recommends the use of a plain lecithin solution.

Keeping Properties. The extracts used in the 
flocculation test are all characterised by con
siderable stability. In the case of the Sachs- 
Georgi reaction, I have found that a cholesteroi
ds ed heart-extract which had been stored at room 
temperature for as long as three years was still 
as satisfactory in its behaviour as when it was 
freshly prepared. A small amount of sediment 
tends to separate out on standing but this may be 
removed by filtration as often as necessary, with
out any apparent effect on the sensitiveness of 
the antigen. Similar observations in the case of 
the Kahn antigen are recorded by Kendrick and Jenks, 
while Meinicke*s antigens and those for the recent 
eitoehol reaction have been placed on the market 
as commercial products. Presumably therefore they 
have also proved themselves stable in their pro
perties.
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REACTION. In Section A it was mentioned that it 
had heen found possible to incorporate dilute HaOH 
solution in the saline used in the Sachs-Georgi 
test, in amounts sufficient to bring its pH to 
approximately 9.0, without any appreciable effect 
on the intensity of the flocculation obtained with 
syphilitic sera. The record of the experiment is 
shown in appendix 204, but, as it seemed desirable 
to obtain more accurate information as to any 
action which changes in H-ion concentration might 
exert, another experiment was carried out in which 
the extended form of test (appendix 9) was used, 
and in which one of the salines was made sufficient 
ly alkaline to yield a full red colour with phen- 
olphthalein (appendix 205). It is obvious from 
this that alteration of the H-ion concentration 
of the saline over a considerable range of pH 
values was without the slightest effect on sub
sequent flocculation, either in respect of its 
intensity or the minimum amount of serum by which 
it was induced. The controls (duplicate tests
with normal serum, antigen controls, and serum 
controls) all behaved satisfactorily. In 
connection with this experiment not only was

the reaction of the different salines known but
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the H-ion concentration of the antigens pre
pared with these salines was also determined 
(indicator dyes), and it was found that the 
antigen made with the saline whose pH was 
10*5+ failed to give any trace of pink 
colouration on the addition of phenolphthalein 
solution. The reaction of the antigen was 
therefore much less alkaline than that of the 
saline used in its preparation (pH value of 
saline = 10.5+; pH value of antigen = 8.5-), 
and this change was found to be due to definite 
acidity on the part of the cholesterolised 
heart-extract, acidity which was determined 
partly by the alcohol present and partly by 
substances in solution. The stock supply of 
absolute alcohol, such as had been used in 
preparing the heart-extract, was found to 
require the addition of 0.08 c.c. N/l HaOH 
per 100.c.c. in order to cause the slightest 
change in bromo-cresol purple as indicator, 
i.e. to bring its reaction to pH = 5.6 
approximately, while similar adjustment of the 
reaction of the cholesterolised heart-extract 
necessitated the addition of 0.19 c.c. N/l 
HaOH per 100.0 c.c. It seemed desirable
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therefore to repeat the experiment and to carry 
out the tests with a sample of cholesterolised 
heart-extract whose reaction had heen adjusted 
to pH =5.6, the so-called iso-electric point 
of serum. It must he noted that although pH 
5.5 - 5.6 is the most constant iso-electric 
point of human serum, at least two others are 
known (Dognon). A new hatch of heart-extract 
was used, whose optimum antigen was A4, and the 
reaction of a portion of the crude extract was 
adjusted to pH =5.6, as described above, while 
to the remainder no alkali was added. The 
optimum antigen of these two extracts (normal 
and adjusted) was then titrated in parallel 
tests on two occasions, using the same sera on 
both days and using absolute alcohol whose pH 
had been adjusted to 5.6 for diluting the 
"adjusted" extract. The series of dilutions 
(A, B. C) of the "normal" extract were made with 
stock absolute alcohol to which no alkali had 
been added, while the same cholesterol solution 
and the same saline (pH = 5.6) were used for the 
whole of the tests. The results of these parallel 
titrations are shown in appendix 206-207 and it
will be noted that, although the same reagents 
were usea on both aays (sera, saline, extracts,
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and alcohols), there are considerable 
differences in the intensity of flocculation 
obtained in corresponding tubes. Such find
ings have already been considered in detail 
and it has been emphasised that they constit
ute a serious source of trouble in the 
flocculation test. A4 proved to be the optimum 
antigen both with the "normal" and with the 
"adjusted" extract, and the flocculation obtained 
with the latter was on the whole better than 
with the former (a convenient method of deter
mining which antigen is the best is to add 
together the plus signs which represent the 
results on different days; thus A4 "normal"
= 10 and A4 "adjusted" = 16). The superiority 
of the "adjusted" extract was more apparent than 
real for, in a series of subsequent tests with 
individual sera (appendix 208), it failed to 
justify any claim to special merit as the results 
with the "normal" A4 antigen were as good in 
every way as those with the "adjusted" A4. It 
did not appear therefore that the. natural 
acidity of cholesterolised extract or commercial 
alcohol was of itself a probable cause of poor 
flocculation results, since variations in the
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intensity of flocculation occurred even when 
using extract, alcohol, and saline whose 
reactions had heen adjusted to the iso-electric 
point of serum, and it was apparent that there 
could he no objection to using "adjusted" extract 
and alcohol in the preparation of antigens for a 
repetition of the experiment with saline of varied 
H-ion concentration. Accordingly another series 
of tests of the type shown in appendix 205 was 
carried out, but on this occasion the pH of the 
cholesterolised heart-extract (A4) was adjusted 
to 5.6 by the addition of 0.2 c.c. H/l HaOH per
100.0 c.c., and the reactions of the different 
salines ranged from pH = 5.8 to pH = 10.0. As 
a result, the antigens which were prepared with 
these reagents gave pH values of 6.0 to 9.0 
approximately, as determined by Universal 
Indicator (British Drug Houses), but it was 
found that these differences in reaction were 
abolished as soon as the antigens were mixed 
with the serum dilutions in the tubes. This is 
readily explicable in view of the well known 
buffer action of serum, on account of which it 
requires the addition of 50 times as much HaOH
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to bring its pH to 8.2, or 327 times as much 
acid to bring its pH to 4.0, as does an equal 
volume of water (Dognon). The difference in 
the pH values of the completed tests in which 
the antigens of pH = 6.0 and pH = 9.0 had been 
used was of the order of 7.2 as opposed to 7.4 
and the intensity of flocculation in all tests 
with syphilitic serum was the same, thus con
firming what had been observed in the two 
previous experiments. There can be no doubt 
that variations in the H-ion c aneentration of 
the reagents for the Sachs-Georgi test, such as 
may occur for example with the use of different 
samples of saline, are not of the slightest 
importance so far as the delicacy of the test 
is concerned. Much greater variations than are 
ever likely to occur in the ordinary course of 
such serological work have repeatedly proved 
to be without any effect on flocculation, and, 
even when an antigen with a pH value of 9.0 
was used, the result with syphilitic serum was 
as strongly positive as with the normal antigen 
tested in parallel. Heukirch records a similar 
conclusion and its applicability to the Meinicke 
reaction (M.D.R.) is borne out by the work of
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Bauer & Byiri; to the Kahn reaction hy that 
of Jennett and of Hernandez; and to syphilis 
flocculation tests in general by the experiments 
of Wolf and Rideal.
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(1).

(2).

(3).

(4).

(5).

(6). 

(7).

Summary of Section (C).

The simple method of preparing heart-extract 
recommended hy Sachs and Georgi is as 
satisfactory as any.
The titration of every hatch of heart-extract 
is essential, and the selection of the optimum 
antigen necessitates a prolonged series of 
observations.
Cholesterolised heart-extract retains its 
reacting properties unchanged for years.
Ho definite relationship between the turbidity 
of the antigen and its sensitiveness in the 
test has been demonstrable.
Variations in the sensitiveness of different 
batches of the same antigen are of frequent 
occurrence, but the cause of such variations 
is obscure.
It has not proved possible to abolish the 
sensitiveness of an antigen by any modification 
of the method of its preparation.
The E-ion concentration of the antigen used in 
the flocculation test is unimportant.
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(D). Method of Teat.

It is a tribute to the care and 
thoroughness with which Sachs and Georgi must 
have carried out the preliminary work in 
connection with their test that the method has 
undergone only two slight modifications since 
it was first introduced in 1918. Originally,
1.0 c.c. of a ly in 10 dilution of inactivated 
serum in saline was mixed with 0.5 c.c. of 
antigen, the mixture was incubated at 37°C. for 
two hours and then left at room temperature over 
night (24 hours). Several workers, including 
Sachs and Georgi themselves, found that with thia 
method there was a tendency for non-specific 
results (positive reactions with normal sera) 
to occur, especially in cold weather, but that 
this could be avoided if the tests were kept in 
the incubator overnight instead of at boom 
temperature. Accordingly they adopted incubation 
of the tests at 37°G. for 18 to 20 hours as the 
standard technique (1919). Subsequently (1921) 
they reported that better results were obtained 
if 1.0 c.c. of a 1 in 5 dilution of serum was 
used as the test volume instead of 1.0 c.c. of a 
1 in 10 dilution^and since then their method has
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■been as follows
1.0 c.c. of 1 in 5 dilution of inactivated serum 
in saline +
0,5 c.c. antigen. Mix and incubate at 37°C. for 
18-20 hours.

The mode of preparation of the antigen 
and the use of serum and antigen controls remain the 
same as originally.

It will be noted that only one tube 
is used for each test and that it contains 0.2 c.c. 
of serum. Sachs and Georgi have adhered to this 
technique in spite of the fact already referred to 
that many syphilitic sera show comparatively poor 
flocculation when 0.2 c.c. is used, or even when 
0.1 c.c. is used, although they flocculate well if 
the test volume is 0.05 c.c. There is no evidence 
either that a syphilitic serum is ever likely to 
be missed by omitting the 0.2 c.c. volume. For 
these reasons the standard technique adopted for 
the present work (appendix 1) employs two tubes 
for each test, one containing 0.1 c.c. of serum 
and the other 0.05 c.c. (cf. Wodtke; Taniguchi 
and Yoshinare), but it is otherwise the same as 
that of Sachs and Georgi.
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The value of incubation in favouring the 
specificity of the reaction has received full 
confirmation at the hands of different workers, 
and the literature includes several studies 
devoted specially to the influence of temperature 
on the course of flocculation. The earliest of 
these iS by Meinicke who found that 37°Cf is the 
optimum temperature for flocculation with syphil
itic sera, while Neukirch was able to show that, 
in parallel tests carried out at 37°C., at room 
temperature, and at 0°C., there is a progressive 
weakening in the intensity of specific flocculation 
with lowering of the temperature of incubation.
A similar weakening has also been observed if the 
tests are kept at 40° - 45°C. (Munster; Sachs; 
Baumg&rtel; Huber) and the optimum temperature 
for the Sachs-Georgi reaction is given as 36.5°
- 38° C. (Sachs). It was noted by Baumgartel and 
others that, if the tests are examined after two 
hours at 37°C., certain normal sera may show 
flocculi which disappear after longer incubation 
(reversible flocculation). As an outcome of this 
observation he studied the effect of temperature 
on mixtures of normal serum and Sachs-Georgi 
antigen, and found that almost all human sera
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will flocculate provided a suitable temperature 
is used; some flocculate at 15°C., others at 
5°C., while others fail to flocculate unless 
the temperature is maintained at 09C. The non
specific flocculi disappear when the mixtures are 
warmed to 37°C. Baumgartel prepared flocculi of 
this type on a large scale and he found that they 
could be used to differentiate between normal and 
syphilitic serum, since the latter rendered them 
resistant to subsequent warming, while the former 
had no such effect. This observation was con
firmed by Huber and it provides an analogy to what 
occurs in the Hahn or citochol tests for which a 
precipitate from a cholesterolised extract is 
used as the antigen. In these tests, the lipoid 
precipitate persists in the presence of syphilitic 
serum but it is readily dispersed, or even dissolv
ed, when it is mixed with normal serum.

In view of these results, care has 
always been taken in the course of the present work 
to ensure that the incubator (37°C.) in which the 
tests were placed overnight was not subject to 
changes of temperature of more than 1°C. It can 
be stated with certainty that the fluctuations 
in the intensity of flocculation which have been
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observed so frequently when testing the same 
sample of serum on more than one occasion 
cannot have been dependent in any way on the 
temperature of incubation. There has been 
ample opportunity for checking the efficiency 
of the thermostat and on many occasions the 
incubator has been opened, frequently and 
carelessly, while tests were inside, in the hope 
that such deliberate interferences with the 
constancy of the tanperature might influence 
positive reactions, but no such effect has ever 
been observed. Moreover, since Sachs and Georgi 
indicate that specific flocculation is weaker in 
tests which are incubated ovemight than in tests 
carried out by the original method (2 hours at 
37°C., followed by 18 hours at room temperature), 
attention has been paid to the possibility of 
differences in the duration of the incubation 
period being a cause of variation in the results 
of repeated tests. There is no evidence however 
that tests incubated for 20 hours and tests in
cubated for 24 hours show any uniform variation 
in the intensity of flocculation. Strongly 
positive reactions can often be detected after

three or four hours at 37oc. (cf. Sachs; Baumgartel;
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Maekie), but I have never been able to convince 
myself that any of these become weaker on longer 
incubation, and my usual experience has been 
quite the reverse. Many positive reactions fail 
to show definitely until the tests have been 
incubated for about twelve hours and they increase 
gradually in intensity up to the time for reading 
the results (18-20 hours). At this stage a 
difference of 2-4 hours in the total duration 
of incubation has not been associated with 
appreciable variation in the intensity of floccu
lation in parallel tests. Variation in the size 
of the tubes used for duplicate tests has also 
been considered as a possible cause for such 
fluctuations, but this also can be ruled out of 
count and, contrary to what might have been 
expected, smaller tubes (3” x f,T) were not found 
to be of any advantage in making the reading of 
weak results easier. Shaking of the tests, which 
is an essential part of the technique of the Kahn 
reaction and which is referred to by Watson as 
being valuable in the Sachs-Georgi test, has 
failed consistently in my hands to have any effect 
whatever on the intensity of specific flocculation. 
Hot only have tests been shaken by hand, or in a
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mechanical shaker, immediately after the addition 
of the antigen, but they have also been subjected 
to prolonged vibration during incubation,as a 
result of the proximity of a high speed centri
fuge. Hone of these procedures has ever led to 
any effect on flocculation, as judged by comparison 
with duplicate tests placed in another incubator 
and kept perfectly still. Differences in the time 
taken in setting up parallel tests, and differences 
in the time such tests are allowed to remain at 
room temperature before being put in the incubator, 
have both been investigated as possible causes of 
variation in results but these factors can be 
eliminated. The only modification of technique 
which definitely interferes with the delicacy of 
the test is the use of an incubation temperature 
higher than 40°C. and, while it has been found 
that 45°C. (water-Bath) prevents flocculation of 
the more weakly-reacting sera, it has proved 
necessary to go still higher in order to abolish 
strongly positive results. At 55°C.flocculation 
has not been observed with any serum.

The question of the specificity of 
the Sachs-Georgi reaction has not come within the
scope of this study which has been devoted primarily
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to the problem of the variability of the test 
and to the difficulty experienced in reading 
so many of the results. Sachs and Georgi in 
their original communication reported 94.94$ 
of agreements (614 positive; 2016 negative) 
between the results of their test and those of 
the Wasserman reaction in a series of 2,770 
sera, and comparable findings have since been 
recorded by many other workers who have used 
the test for diagnostic purposes. It is well 
known however that the agreement is not so 
close in the case of sera from syphilitic 
patients under treatment or from patients with 
latent syphilis (Meyeringh; Taniguchi and 
Yoshinare), and opportunity was taken to carry 
out a short series of comparative tests with 
sera submitted from a Venereal Diseases Treatment 
Centre in order to confirm that the reagents in 
use were at least as satisfactory as those of 
other workers. The results are tabulated in 
appendix 112, and, as the percentage figures 
for agreements and discrepancies tallied with 
those of Taniguehi and Yoshinare in a similar, 
but larger, series, there seemed to be no reason 
for suspecting that onefs experience of the
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behaviour of the test might be exceptional. In 
general it may be said that, when used for 
diagnostic purposes, most positive results are 
cleanly cut and therefore easy to read, but that 
with cases of syphilis undergoing treatment they 
are frequently of the type which demands great 
care in reading in order to ensure that weak 
reactions may not be overlooked.

No attempt has been made to vary 
the relative amounts of serum dilution and 
antigen recommended by Sachs and Georgi, as 
other workers (Munster; Mackie) have confirmed 
that these represent the optimum proportions 
suited to the other conditions of the test,and 
as there are at least two important considerations 
which deter one from departing from a technique 
which has already proved itself reliable. In the 
first place, although it has been shown that 
specific flocculi are composed almost entirely 
of lipoid material derived from the antigen 
(Niederhoff; Taniguehi; Sachs and Sahlmann), 
and that the reacting property of syphilitic 
serum is associated with its globulin fraction 
(Mackie; Sahlmann), the mechanism of the 
flocculation reaction remains unknown and, in
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the present state of knowledge, physical 
chemistry does not appear to he in a position 
to offer help towards furnishing an explanation. 
The hypotheses put fozward by such workers as 
Meinicke,who attributes specific flocculation * 
to a disturbance of the normal affinities of 
serum-antigen mixtures for Na- and Cl- ions 
(Kochsalzgleichgewichtsumlagerung), or Sachs, 
who envisages an alteration in the state of 
dispersion of the globulins of syphilitic 
serum (Globulinveranderung; Dispersitatsver- 
groberung), are as unenlightening as they are 
imaginative, and in neither instance does it 
seem that any experimental evidence in support 
of these speculations can be adduced by their 
authors, or any satisfactory analogy found in 
the realm of colloid chemistry. Meantime there
fore one is more Inclined to concentrate attention 
on one or other of the reputable methods already 
in existence, and to try and define as accurately 
as possible the factors which may definitely 
influence flocculation, either favourably or un
favourably, than to increase the complexity of 
the problem by introducing further modifications. 
In the second place, it is by no means improbable, 
as is contended by Me ini eke;/
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that all methods of carrying out the syphilis 
flocculation reaction are essentially the same 
in nature, and that any alteration in technique 
affecting one of the participating reagents 
invariably necessitates alteration of the 
conditions of the test as a whole, if optimum 
results are still to be obtained. As he himself 
has no fewer than five modifications to his 
credit, all carried out in different ways but 
with the same type of antigen, and all resulting 
in a differentiation between normal and syphilitic 
serum by the presence or absence of flocculation, 
he has done much to substantiate this view. It is 
of special interest, to<j, in relation to the 
argument of this thesis, that each of these modi
fications has been devised in order to overcome 
the difficulty experienced in reading the finer 
degrees of flocculation. The "third modification" 
(M.h.R.) was presented as an improvement on the 
preceding "water-method" and "salt-method". The 
"opacification test" (M.T.R.), as originally 
introduced, was to make the reading of results 
a matter of ease, thereby implying that diffi
culties had existed with the earlier 'methods; 
but it was found later that the addition of
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benzoic acid facilitates matters still further 
by intensifying positive results. Now (1929) 
the "clearing reaction" (M.K.R.) has made its 
ddbut and Meinicke claims that it eliminates 
the difficulties associated with reading the 
results of the M.t .R. , difficulties which had 
not hitherto been admitted, and which if really 
overcome will ensure that this latest test will 
prove more acceptable than its predecessors.

A great variety of methods is 
already available for carrying out the syphilis 
flocculation reaction and concerning these an 
extensive literature has come into being. It 
has been collected and Incorporated in a single 
comprehensive review by Klopstock,who traces the 
history of the evolution of the test and who 
summarises the details of the different techniques*, 
but it is apparent thatjmany of these methods are 
of interest rather than utility, since they are 
either less delicate than the Wassermann reaction 
or else they are so easily influenced by extraneous

factors as to be unreliable in their results. So 
far as tests which have found favour on a large 
scale are concerned, there are only four, besides

the Sachs-Georgi reaction, which are sufficiently
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simple in technique and satisfactory in their 
behaviour to merit serious consideration as 
possible substitutes for the Wasserman reaction, 
viz. Meinicke’s "third modification", Meinicke*s 
"opacification test", the Vernes test, and the 
Kahn test.

Meinicke Tests. The Meinicke reactions have been 
widely used in German-speaking countries and the 
"third modification" gives results which parallel 
closely those of the Sachs-Georgi test (Meyeringh). 
As has already been mentioned however, the "third 
modification" has now been superseded by the 
"opacification test" and Meinicke himself does not 
deny that the change was determined partly at least 
by the difficulties in reading the finer degrees 
of flocculation in the earlier method. Unfortunate
ly neither the M.D.R. nor the M.T.R. lends itself 
to experimental study as the details of the pre
paration of the antigens for these tests have 
not been published, and the manufacture of suitable 
extracts is entrusted to a German commercial firm, 
Reports by German workers leave no room for doubt 
that different samples of these extracts vary both 
in sensitiveness and in specificity (Klopstock and 
Uolter; Klopstock and Hilpert), and the fact that
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Meinicke has now introduced a "clearing reaction" 
(M.K.R.),which is stated to overcome the 
difficulties in reading the results of the M.T.R., 
would appear to justify the conclusion that 
variation in the intensity of flocculation (or 
turbidity) produced by different syphilitic sera 
is still a troublesome factor in these tests, just 
as it i& in the case of the Sachs-Georgi reaction. 
Furthermore, at the recent laboratory Conference 
on the Serodiagnosis of Syphilis held at Copenhagen 
(league of Nations Reports) the M.T.R., carried 
out by Meinicke himself, gave more apparently 
false positive results than any of the other 
flocculation methods which were used (p. 166 , 
infra). It cannot therefore be regarded as a 
possible substitute for the Wassermann test, and 
indeed no such claim is made fair it by Meinicke.

Vernes test. The Vernes reaction is peculiar in 
that its practice seems to be confined to the 
"Institut prophylactique" in Paris, where it is 
carried out on a very large scale under the 
personal supervision of Vernes. Like the Sigma 
reaction of Dreyer and Ward it is a quantitative 
test by means of which it is claimed that the 
effect of anti-syphilitic treatment can be studied
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and controlled, but thO results which Vernes 
obtained with his method at the Copenhagen 
Conference were so poor as to make one wonder 
if they are really a fair example of its usual 
behaviour. Not only were doubtful results with 
non-syphilitic sera very common, but many 
syphilitic sera reacted negatively although they 
gave strong positive reactions with all other 
methods. Apart altogether from the questions of 
specificity and sensitiveness, the Vernes technique 
is unlikely to gain favour on account of the 
expense of the elaborate apparatus which is 
neeessary and which has already been referred to
g 10 \ m(p.jQg). The special antigen too, obtainable 
from Paris, is another snurce of difficulty and 
I have only found one reference to its use by 
anyone other than Vernes himself.

Kahn Test. The Kahn test differs from all previous 
modifications of the syphilis flocculation reaction 
in that the results are available within half-an- 
hour, and it is not surprising therefore that it 
has attracted considerable attention. The essential 
difference between its technique and that of the 
earlier methods lies in the avoidance of dilution 
of the reagents, thus permitting them to interact
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in a concentration higher than has hitherto been 
used. Credit is due to Kahn for his discovery 
that the precipitate obtained on adding a relative
ly small proportion of saline to a suitable 
cholesterolised heart-extract could be employed 
for the rapid differentiation of syphilitic serum 
from normal serum, and for having defined optimum 
conditions for a test of this type. As long ago 
as 1919 Meinicke had noted that normal serum 
dissolved such a precipitate, but, in the form of 
test which he used, he had failed to find any 
difference in the action of syphilitic serum; 
Baungartel, on the other hand, was able to identify 
normal and syphilitic sera by means of non-specific 
flocculi (p. 140 ) but such a method was too 
laborious to be of practical use. It is in this 
feature alone that there is anything novel in the 
Kahn test and the remainder of its technique is 
but an application of principles already established 
by Meinicke or by Sachs and Georgi. The extract 
which is used is prepared from dried beef-heart 
after preliminary extraction with ether (cf. Meinicke), 
and cholesterol is added as recommended by Sachs 
and Georgi. Kahn*s original papers describe the 
preparation of his antigen as a relatively simple
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procedure which had been found to yield products 
of uhiform sensitiveness, but he has abandoned 
this mistaken belief and insists that very careful 
preliminary titration and adjustment of different 
samples of extract are necessary if they are to 
behave satisfactorily in the test. Suitable 
dilution with alcohol, and appropriate cholesterol- 
isation, are now essential steps in the preparation 
of "Standard Antigen", and he has thus returned 
to the principle laid down both by Meinicke and by 
Sachs and Georgi that different extracts require 
dilution in varying degree if the optimum antigen 
is to be obtained. The titration and adjustment 
of Kahn standard antigen is a very complicated 
procedure and it is now emphasised that, unless 
the antigen is purchased from an authorised 
distributor, no reliance can be placed on its 
suitability for test purposes. It is fortunate 
that the variability of different samples of 
such antigens is at last recognised by Kahn, for 
his earlier writings are characterised by a certain 
dogmatism which, besides being undesirable, was 
soon found by other workers to be unwarranted. 
Isabolinski and Podwalnaja report having had to 
make many attempts before they finally succeeded
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in preparing an antigen which would behave 
satisfactorily and, in my hands, it has not yet 
been possible to obtain one which ensures complete 
absence of fine flocculi from the antigen control, 
in spite of the fact that I have adhered strictly 
to the technique prescribed by Kahn and used the 
"Bacto" dried beef-heart which he specially 
recommends. It is regrettable too, in view of 
later work, that the claim should ever have been 
made (1923) that the test is so adjusted that 
nearly all syphilitic sera give ++++ reactions, 
and that + and ++ reactions are practically 
eliminated. Now (1930), in spite of all the care 
which has been devoted to perfecting the test and 
to standardising the antigen, Kahn has to classify 
the varying degrees of flocculation under no fewer 
than f ive he a dings: -

"Definitely visible particles".
"Less clearly cut particles".
"Finer particles".
"Still finer particles".
"Extremely fine particles".

That difficulty is experienced in reading the 
results of the Kahn test is admitted by all who
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use it, except apparently by Kahn himself, and 
even those who are most favourably disposed 
towards it express dissatisfaction with the 
numerous weak reactions which occur, and the 
trouble which their reading entails.
(Owen; Giordano; Becker; Hopkins and Rockstraw; 
Johnson; leiboff; Figueira and Trincao;
Kolmer; Cookson and Brown). Meinicke also, who 
praises the simplicity of the test, finds it very 
difficult to read and, if one may judge from his 
other writings, this opinion is unlikely to be 
a prejudiced one. Moreover, Figaeira and Trincao, 
in their series of tests, were working with an 
antigen provided by Kahn himself; thus there 
cannot be any question of their unfavourable 
results being dependent on the use of an unsatis
factory sample of cholesterolised-extract. Such 
findings are in complete agreement with my own 
limited experience of the test. The strong 
positive results are easily recognised on the 
most casual examination of the tubes, but it is 
quite the reverse with the weaker reactions for 
the detection of which each tube must be withdrawn 
from the rack, in tutn, and examined under favourable 
conditions of illumination. Herein lies a discon
certing feature of the test, for I have found it
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necessary to avoid examining the tubes too 
critically, otherwise extremely fine, but none 
the less perfectly definite, floeculi are 
visible in the antigen control and in some of 
the tests with sera which are certainly not 
syphilitic, All normal sera do not show these 
fine flocculi, and this is probably to be 
attributed to individual differences in pro
tecting power such as have already been referred 
to in the case of the Sachs-Georgi reaction, and 
such as have been noted by Meinicke in connection 
with his tests. It is apparent that this observa
tion is not wholly dependent on a personal factor 
since it is laid down by Kahn (1930) that if a 
hand lens is used to facilitate reading results 
it must be of low magnification (2x or 3x), in 
order to ensure "clear cut negative reactions t 
with entire freedom from visible particles", and 
in his original paper (1923) he refers to shaking 
as dispersing "the weak, non-specific precipitates 
which occasionally form in negative serums". 
Demanche also states that the use of a lens may 
introduce a source of fallacy, and Becker records 
the observation of a very fine precipitate in the 
antigen controls which might be confused with a



(157)

positive reaction. This is undoubtedly a 
dangerous disadvantage in the Kahn test since 
experience has to he relied upon to enable one 
to know which flocculi to disregard and which 
to accept as specific, a fact to which the 
report of the Copenhagen conference bears 
witness. If the results obtained by Boas and 
by Kahn are compared (p.166,infra) it will be 
seen that, although Kahn returned no false 
positive,and only five doubtful,reactions in 
the series of tests with normal sera, Boas, 
using the standard Kahn technique and testing 
the same samples of serum on the same days as 
Kahn, returned three false positives and nine 
doubtful reactions. On the other hand, he 
reported 181 negative results to Kahn1 s 161 
in the tests with sera from patients with a 
history of syphilis, thus causing their results 
in this series to differ by 4$. If these 
discrepancies were not due to differences in 
opinion as to the significance of some of the
finer degrees of flocculation, they must be 
attributed either to varying sensitiveness of 
the antigens or else to the difficulty inherently

associated with reading weak flocculation results.
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Personally I find the Kahn test more difficult 
to read than the Sachs-Georgi, for its flocculi 
are less coarse, and weak reactions are often 
only slightly more granular than the antigen 
control, or the control in which normal serum 
is used. The recent "citochol" reaction (Sachs 
and Witebsky) which is analogous in every way 
to the Kahn test has confirmed this impression.
A great deal of time is spent in examining and 
re-examining doubtful tubes, under varying 
conditions of lighting, and I repeatedly find 
myself quite unable to decide whether the result 
should be recorded as fine flocculation or not.
So far as the Kahn test is concerned, comparative
ly little work appears to have been done in the 
way of re-testing the same sample of serum on 
several occasions, but Meinicke (Kahn test) has 
observed fluctuation in the intensity of floccu
lation in such circumstances and similar fluctuat
ions are shown in the report of the Copenhagen 
conference, although here the total number of 
sera which were re-tested was small.

The outstanding merit of the Kahn test 
is its rapidity and this is naturally a very

attractive feature, but there is not the Slightest
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doubt that it shares the disadvantages of its
only

predecessors in that a proportion of theA
results are easy to read (++ or greater); that 
zone phenomena are encountered (Kahn; Hopkins 
and Rockstraw); that some degree of spontaneous 
flocculation occurs not infrequently in the 
antigen control; and that the sensitiveness of 
the antigen is subject to variations, the cause 
of which is obscure and which cannot therefore 
be entirely eliminated. In specificity it 
compares unfavourably with the Sachs-Georgi 
reaction, and this is probably dependent partly 
on the difficulty in differentiating between the 
finer degrees of specific flocculation and the 
fine granularity sometimes shown by the controls, 
and partly on the sacrifice of specificity to 
speed. For the latter, a highly unstable antigen 
or, as it is generally expressed, a very sensitive 
antigen has to be used, thus tending to make the 
test so delicate that the limit of safety for 
certain sera is occasionally exceeded. For 
this reason Sachs is definitely of the opinion 
that the slower flocculation methods are to be 
preferred, and, although his "citochol" reaction

(a rapid one) has been found to possess a high
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degree of specificity (Kliewe and Engelhardt), 
lie still (1929) regards a positive Sachs-Georgi 
result as a more reliable indication of syphilitic 
infection than a similar finding with the rapid 
test. Non-specific results with the Kahn test 
are recorded by several workers (Boas; Sheplar; 
Lyons and MacNeal; Kolmer; Figueira and Trincao) 
and it is not surprising that it has generally 
been found to be somewhat more sensitive than 
many of the other flocculation methods. The 
table on page 166. will serve as an example, 
but it must be noted that the overwhelming 
superiority of the Kahn test, as compared with 
the Wassermann reaction (Harrison's method), 
shown by these results is due in very large 
part to the nature of the sera which were used.
It is known that the flocculation method gives 
a higher proportion of positives than the Wasser
mann test in the case of syphilitic patients who 
hafebeen treated (Taniguchi and Yoshinare), but, 
as it is only recently that both tests are beginn
ing to be applied as a routine in the control of 
treatment, the significance of such positive 
results is still undecided. Of the 502 sera
tested at Copenhagen no fewer tham 332 were
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from treated cases of syphilis (305 tertiary or 
latent) and 43 from cases of untreated latent 
syphilis and, according to Sachs who was present 
at the conference, the diagnosis of syphilis 
in a proportion of the "latent” cases was based 
solely on the history, and presumably also on 
the serological finding. There was no clinical 
evidence of the disease. The results of Wasser- 
mann and flocculation tests with such sera are 
bound to disclose a larger number of discrepan
cies than what occur in the course of their 
application in routine diagnostic work, and it is 
somewhat surprising that the figures for the 
Sachs-Georgi reaction show it to have been less 
sensitive than the Wassermann. The correspond
ence in the results of the Kahn and Wassermann 
reactions is ordinarily very close, and in a 
recently published series of parallel tests with 
1,000 sera they were found to agree in 98.4^ of 
the cases (Cookson & Brown). Standard Kahn anti
gen, obtained from an authorised source of supply, 
was used and the Wassermann tests were carried out 
by Harrison1s method, as at the Copenhagen confer
ence. The Kahn test has been considered in some 
detail on account of the fact/
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that Kahn himself continues to advocate it as 
a satisfactory substitute for the Wassermann 
reaction, a view which is contrary to that of 
every other author whom I have consulted. It 
has been given a trial on an extensive scale 
in America where, in addition, it has benefited 
from a publicity which is not readily available 
for other methods; and one cannot but feel that 
the early enthusiasm evoked by its deceptive 
simplicity, and the novelty of its speed, was 
allowed to obscure the imperfections and 
difficulties which it shares in common with all 
the other modifications of the syphilis floccu
lation reaction. These are gradually being 
recognised and, during the past four years, I 
have been unable to trace a single reference to 
the Kahn test, with the exception of Kahn*s 
own publications, in which the difficulty of 
reading the weaker reactions has not been a 
matter for adverse comment.

Experience of the use of the 
flocculation methods has thus revealed their 
technical limitations, and especially has it 
become evident that flocculation, as an 
indicator of a reaction between syphilitic serum
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and a lipoid antigen, is characterised by an 
uncertainty of behaviour which can prove very 
troublesome, and which is dependent on factors 
whose nature is not yet understood. The tech
nique of the Wassermann reaction is certainly 
less simple than that of the flocculation test 
but its various reagents are amenable to some 
measure of control, and the haemolytic system, 
as an indicator, ensures that all results 
positive, weak-positive, doubtful, or negative 
—  are rendered obvious by convincing and 
easily appreciable differences in the test 
mixtures. If for no other reason than this, 
it is still preferable to the flocculation test 
whose outstanding disadvantages are the difficulty 
in detecting any but the strongly positive 
reactions and the impossibility of controlling 
the sensitiveness of the antigen. In the case 
of the Sachs-Georgi reaction, to which the 
special studies presented in this thesis were 
directed, all attempts to overcome the variable 
behaviour of an optimum antigen, when tested with 
the same pooled syphilitic serum on different 
occasions, have proved unavailing and, in spite 
of careful attention to every factor likely to
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Influence flocculation, the results have some
times been sharp and easily recognised, at 
other times so feeble as almost to pass unde
tected. There is however another circumstance 
which renders impracticable the substitution 
of a flocculation test for the Wassermann 
reaction. Meinicke and Sachs have long recognised 
that not only are positive flocculation results 
sometimes obtained with syphilitic sera which 
react negatively in the Wassermann reaction, but 
that the converse is also observed, and it seems 
possible that such anomalies in the reacting 
power of certain sera may be dependent on the; 
association of flocculating property and comple
ment-fixing property with different fractions 
of serum globulin (Mackie; Mackie & Watson). In 
some instances however a zone phenomenon, such 
as is shown in appendix 185, may account for a 
negative flocculation result. Similar disagree
ments are recorded in the case of the Kahn test 
(Hopkins & Rockstraw; Sheplar, Lyons & MacNeal; 
Figueira & Trincao), and the generalisation is 
thus warranted that neither the flocculation 
test alone nor the Wasserman reaction alone will 
detect all syphilitic sera; the two tests are
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mutually complementary. Sometimes their results 
show enmplete agreement, sometimes they are 
totally at variance; hut often the significance 
of a weakly positive or doubtful reaction in the 
one receives confirmation from a frankly positive 
reaction in the other. This conclusion, which is 
in keeping with the resolutions adopted at the 
laboratory conference in Copenhagen, makes any 
further comparison of the individual merits of 
the two methods unnecessary as neither of them 
is wholly satisfactory as an independent 
standard for diagnostic purposes. The floccu
lation test, on account of its simplicity and 
in spite of its difficulties, has no lack of 
enthusiastic advocates, but their preference 
cannot reasonably be permitted to outweigh 
the considered opinion of the two workers, 
Meinicke and Sachs, to whom the method owes 
its origin, and both of whom express the con
viction that, although it is a valuable addition 
to the existing methods for the serological 
diagnosis of syphilis, it can only be of real 
service, in any of its modifications, when used 
in conjunction with the Wassermann reaction.
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1JLBJ.-E.
(Compiled from the Report of the Second Laboratory Conference 
on the Serodiagnosis of Syphilis. Copenhagen. 1928).

last:- WSaBa £=G MIE„ SIGMA ____im
(Boas) (Kahn)

502 syphilitic sera.

Positive. 210 208 246 257 294 305

Doubtful. 78 23 38 76 27 33
Negative. 214 253 218 169 181 161

total tested = 502 484 502 502 502 499
485 non-syphilitic sera.

Positive. 0 0 9
•
6 3 0

Doubtful. 12 1 13 35 6 5
Negative. 428 430 413 393 426 429

total tested = 435 431 435 434 435 434

The 502 syphilitic sera include:-
2*7 from cases of TREATED primary or secondary syphilis. 
50 • • •* .. •• tertiary syphilis.
255 • • •• •• •• latent syphilis.
43 •• *. .* latent syphilis (untreated).

= Wassermann reaction. £=G = Sachs-Georgi reaction.
MIB- = MeinickeTs opacification test. SIGMA = Sigma reaction. 
EASS = Kahn test, carried out by (a), Boas and (b), Kahn.
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FIXATION of COMPLEMENT by B. TYPHOSUS 

and

IT0BMA.Ii GUINEA-PIG'S SEBUM.

contribution to the study of natural antibodies.
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During the course of experimental work on the 
antigenic properties of certain products of 
B. typhosus (Eberthella typhi) the desirability 
arose of testing the sera of the immunised 
animals for a complement-fixing antibody to 
this organism, but difficulty was encountered 
in carrying out such tests, as the baeillary 
suspension by itself was invariably found to 
cause zonal fixation of the haemolytic comple
ment of normal guinea-pig's serum. In the 
literature bearing on the subject, the only 
record of observation of a similar phenomenon 
which has been traced is in the work of Ritz 
and Sachs (1917), confirmed later by Kondo (1923). 
These workers, studying the inactivation of 
complement by various agents, noted that, within 
certain limits, a suspension of B. prodigiosus 
(Serratia marceseens) showed greater anti-comple- 
mentary effect in the presence of large doses of 
complement than in the presence of smaller doses; 
a paradoxical result which they ascribed to 
alterations in the state of dispersion of the 
globulin of the complement-containing serum. The 
phenomenon does not appear to have been observed 
with B. typhosus, and the present study embodies
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the results of an investigation of the conditions 
under which it occurs and offers an explanation 
as to its cause. .

The phenomenon.
The strain of B. typhosus ("Rll") regularly employed 
in connection with the work is a laboratory stock 
strain which has been maintained during the past 
sixteen years. It was obtained originally from 
one of the local hospitals for infectious diseases, 
and it conforms culturally and serologically to the 
criteria for B. typhosus.

For the demonstration of the 
phenomenon an 18 to 24 hours* growth of B. typhosus 
on casein-digest-agar is emulsified in sterile 0.85 
per cent.solution of NaCl in distilled water, by 
flooding the agar surface with the saline and 
r© eking, or rotating, the container gently so that 
the fluid may wash off the growth. The bacillary 
emulsion is decanted into a tall narrow cylinder 
in which it is allowed to stand undisturbed for 
two hours, so that any coarser particles may settle, 
after which the upper two-thirds are pipetted off 
and the remainder rejected. A preliminary test is 
carried out in order to determine the greatest 
concentration of this suspension which, in the
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TABLE l.*»
Zonal f ix a tio n  o f guinea-pig*s complement by B. typhosus.

(M.H.D. 2 4 6 9 12 16 20 25 30 40 50Complement(------------------      — ..... ■ - —  ....— —
(o.o. 0.015 0.03 0.045 0.0675 0.09 0.12 0.15 0.1875 o.aas 0.3 0.375

Typhoid suspension
0.5 c.c. C ftr 0 0 0 0 0 0 tr vmk jc

Ccmplement»pooled sera of three guinea-pigs. M.H.D.*-0.0075 c.c.
Typhoid suspension * suspension in sterile saline of 5. typhosus (24 hours’growth 

on casein-digest agar). The suspension is unheated, and it has been tested 
preliminarily as detailed on p. 175.It is not haemolytic for ox blood cells.

••Unless otherwise indicated, the following details are applicable to all tables 
shown in the text: -

The mixtures of typhoid suspension and complement are incubated at 37°C. for l£ 
hours prior to addition of the haemolytic system; thereafter 37°C.for if hours.

Headings are made when tests are withdrawn frcm incubator, and are checked after 
tubes have stood at roan temperature overnight.

Haemolytic system - 3 per cent.suspension in saline of thrice-washed ox blood 
sediment, sensitised with 5 M.H.D. of rabbit versus ox haemolysin. Test volume *
0.5 c.c.

Saline * 0.85 per cent.solution of NaCl in distilled water.
Rigorous controls have been used for each set of tests, but only the more 

important of such controls are shown.
Degrees of lysis are indicated thus:-
0 - no lysis. ftr * faint trace. tr ■ trace
d * distinct. mk * marked. vmk « very marked.
ae - almost complete. jc * just complete. C ■ complete lysis.
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presence of 2 M.H.D. of complement, will be devoid 
of anticomplementary action. To this end, a series 
of dilutions of the suspension is prepared with 
saline (e.g. 1 in 2; 1 in 3; 1 in 4; 1 in 6*, etc.)
and a constant volume (0.5 c.c.) of each of these 
is tested with 2 M.H.D. of guinea-pig's complement. 
The mixtures of bacilli and complement are incubated 
at 37°0. for one-and-a-half-hours, after which the 
haemolytic system is added. A further incubation 
of one-and-a-quarter hours is given and the readings 
are then made. The strongest suspension permitting 
complete lysis of the test corpuscles is selected 
as suitable for the main test, and this is carried 
out as shown in Table 1 which serves as a 
characteristic example of the phenomenon under 
consideration.

Since results of the type shown 
in Table 1 were consistently obtained it was 
apparent that, without modification of the technique 
usually employed, complement-fixation tests with 
this strain of B. typhosus and the sera of immunised 
animals would be valueless if guinea-pig's serum 
were used as the source of complement. Attention 
was directed therefore to investigating the factors 
underlying the phenomenon and in the following
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TABLE 11.

Variation in  complement-fixing power of d iffe ren t s tra in s  o f typhosus..

T 4 7 io - "15' -sen" 1 0 ' ■h r r"5
(o.o. 0.015 0.03 0.0525 0.075 0.1125 0.15 0.225 0.3 0.375

Strain Lab c ac mk ftr vmk c c c c
Strain R* A. M, C, • c jc mk ac C c c c c
StrainEdinburgh . jc vmk d 0 mk c c c c
Strain Rll** . . ac mk 0 0 0 0 0 ftr c
Strain Rawlings §. C C C C C c c c c

Complement * pooled sera of two guinea-pigs. M.H.D. « 0.0075 c.c.
Bacillary suspensions prepared from 24 hours' growths of each of the strains of 

B. typhosus on case in-digest agar. The suspensions are of approximately the same 
degree of turbidity and they have been heated in a water-bath at 55°C.for one hour. 
Test volume of eaeh * 0.5 c.c.

None of the bacillary suspensions is haemolytic for ox blood cells.
•♦This is the strain rased regularly in the present work.
§ One of the two strains of B, typhosus with which zonal fixation of complement 

has not been demonstrated even when very turbid, unheated, suspensions are used.
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pages a summary of the results which have heen 
forthcoming will he presented.

Variations in the complement-fixing power of
different strains of B. typhosus.
Twenty-one strains of B. typhosus have heen
examined and, with two exceptions, they have all
heen found to cause zonal fixation of guineavpig*s
complement (as shown in Table l) provided that a
suspension of suitable density is used, and that
the test is carried out with an adequate range of
complement dosages. Different strains, however,
vary considerably in their ability to fix complement
in this way and, with four of those examined, a
zone was not demonstrated at the first test although
in later tests it was found to occur. With some
strains the zone is very short and it may occur
only when very turbid suspensions are employed; 

withwhile others, an extended zone is shown even with
A

suspensions containing a few hundred million bacilli 
per c.c. In Table II, which exemplifies such 
variations in complement-fixing power, the sus
pensions of the different strains are of approximate
ly the same degree of turbidity (1500 to 2000 
million bacilli per c.c.) and the tests are all 
carried out at the same time, with the same complement.
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TAB LB 111.
Complement^fixation by typhoid b a c i l l i  (autoclwued and washed).

Complanent o.o. 0.02 0.03 0.04 0.06 0.08 0.12 0.l6 0.2 0.25
Baoillary suspension* c.c. 0.3 0.3 0.3 0*3 0*3 0*3 0*3 0*3 0*3

(A) Using Fresh
Complement c c 0 0 0 0 0 tr C

(B) Using "treated
complement" jc C c c c c c c c

The total volume in each tube is made up to 0.7 c.c. with saline.
M.H.D. of complement (fresh or "treated") « 0.0125 c.c.
Bacillary suspension is not haemolytic for ox blood cells. Density of 

suspension « 1500 million per c.c.
"Treated complement" is not haemolytic for ox blood cells.
"Treated complement" is prepared with charcoal (ride, p. 2QJ ).
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The density of the suspensions is estimated 
by means of "Standard Opacity Tubes" (Burroughs 
Wellcome & Co.)

One of the strains in the series 
was recently isolated; the others are laboratory 
stock strains obtained from a variety of sources; 
while the two Which, even on repeated testing, 
failed to cause zonal fixation of complement are 
the "Rawlings"and "Lister (786)" strains from the 
national Collection of Type Cultures. They differ 
from the classical type of B. typhosus, and from 
all the other strains used, in that they do not 
ferment maltose (the "Difco" product), but they 
are agglutinable up to the titre of an anti-typhoid 
serum developed by immunising with a different 
strain (e.g. "Rll"). I have learned recently 
that the two strains are really the same; "Lister 
(786)" was originally a sub-culture from "Rawlings" 
but it has been maintained separately ever since 
for a special purpose.

Living Bacilli or killed.
The "Rll" strain causes zonal fixation of complement 
not only when used in the form of a suspension of
living bacilli but also with suspensions which have
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been heated at 55°C. for one and a half hours 
(water-bath), and with suspensions of bacilli 
which have been autoclaved at 115°C. to 120°C. 
for twenty minutes and subsequently washed 
repeatedly with sterile saline. Table XII (A) 
which is an example of a test carried out with 
such a suspension of autoclaved and washed bacilli 
shows the extent of the zone of complement-fixation 
which occurs under these conditions. These obser
vations refer to freshly prepared suspensions, but 
suspensions of killed bacilli which have been 
stored in a cool place for several days have also 
proved suitable for the demonstration; of the 
phenomenon.

The "Rawlings" and "Lister" strains 
have been tested repeatedly, using living suspensions 
containing from 500 to 20,000 million bacilli per 
c.c., and with a range of complement dosages 
extending from 2 to 30 but zonal complement-
fixation has not been demonstrated with either of 
them. They have proved quite exceptional in this 
respect and the only anticomplementary effect which 
they have shown has been in the presence of 
minimal complement dosages (2 to 6 M.H.B.), when very 
dense suspensions are used.
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Of the eighteen other strains in 
the series which has been examined, fourteen have 
been tested only in the f o m  of suspensions of 
living bacilli, while suspensions heated at 55°C. 
have been used in the case of the remaining four.

"Rough" forms of B. typhosus.
In view of the work of Arkwright (1921) and others 
on "rough" and "smooth" variants of B. typhosus, 
the suggestion was offered that the exceptional 
behaviour of the strains "Rawlings" and "Lister" 
might be related to their being "rough" forms.
This suggestion has been followed up but it is 
apparent that such is not the explanation. A 
typical "rough" form, kindly provided by Dr. 
Arkwright, behaves quite differently in its 
sensitiveness to BaCl from either the "Rawlings" 
or "Lister" strains. These two remain in homogen
eous suspension even in the presence of 10 per cent, 
of BaCl, while the "rough" form shows rapid, and 
practically complete, sedimentation in the presence 
of 0.9 per cent, of the salt. Moreover, the 
colonies on agar of the "Rawlings" and "Lister" 
strains are devoid of the characteristic features 
shown by those of the "rough" form; also the 
latter ferments maltose readily. Zonal complement-



(180)

fixation has not been demonstrable however frith 
Dr. Arkwright1 s "roug^i" strain, whether used 
living or killed.

Density of suspension.
With a strain with which the incidence of the zone 
of complement-fixation occurs in the presence of 
low complement dosages (2 to 6 M.H.D.), the 
commencement of the zone may be masked by the 
anticomplementary action common to bacterial 
suspensions in general, unless a suspension of 
suitable density is used. With too dense a 
suspension of such an organism the result would 
appear to indicate that its direct antieomplemen- 
tary effect was very great (leading to the 
destruction of 20 or more M.H.D. of complement), 
whereas in reality it represents the.summation 
of two demonstrably distinct actions on the 
complement; (a) direct (common to most bacterial 
suspensions), and (b) the zonal fixation which, 
as the present work will show, is the result of 
an indirect action. It is usually desirable, 
therefore, to carry out a preliminary titration 
(as detailed on p. 175 ) in order to determine 
the greatest concentration of bacilli in l&nifct 
volume of the suspension which, after incubation
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with 2 M.H.B. of complement, will permit of 
complete lysis of the test corpuscles. On 
diluting the original suspension to the concen
tration thus determined, zonal fixation of 
complement will he evident on testing with an 
adequate series of suitably graded complement 
dosages, while similar, hut Increasingly shorter, 
zones of fixation will usually he obtained with
still greater dilutions of the original suspension 

*
(cf. (Cable IV).

* following p.185.
The culture medium.
As a general rule, casein-digest-agar has been used 
as the culture medium but no relationship seems to 
exist between the nature of the medium on which 
the organisms are grown and the ability to cause 
zonal fixation of complement. Only certain organisms 
grown on this agar behave like B. typhosus ("Kll"), 
and B. typhosus grown on other media (e.g. solidified 
blood-serum) retains its complement-fixing power 
(zonal). Further, as has been noted above, typhoid 
bacilli which have been autoclaved and subsequently 
washed repeatedly with saline have proved suitable 
for the demonstration of the phenomenon. It has 
been found also that if the operation of inoculating 
a tube of casein-digest-agar, but using a sterile
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platinum needle, is carried out and the tube 
incubated at 37°C. for 18 to 24 hours, the 
washings obtained by treating this control tube 
with saline (in exactly the same way as in the 
preparation of bacterial suspens i on Jare practically 
devoid of antieomplementary effect. Unit volume 
(0.5 c.c.) of such washings may show fixation of, 
as a maximum, 3 M.H.D. of complement but no 
indication of any action on complement, in the 
presence of higher dosages, has been observed on 
any of the occasions on which this control has been 
used. Maekie (unpublished), who has recently had 
the opportunity of using the "Rll" strain in 
similar experiments, was unable to confirm my 
finding that suspensions of the killed (auto
claved) bacilli could still cause zonal complement- 
fixation. On seeking &n explanation of this 
unexpected observation it was apparent that the 
nature of the culture medium on which the organisms 
had been grown must have been the factor responsible; 
Maekie used a meat-extraet-agar while, for my 
experiments, casein-digest-agar had served as the 
routine medium. The work with living and killed 
suspensions was therefore repeated and it has
yielded a most interesting result. Fresh (unheated)
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suspensions of the "Rll" strain, whether grown 
on meat-extraet-agar or casein-digestragar, cause 
zonal fixation of complement equally well; hut it 
is only the suspension from the casein-digest-agar 
which retains this property after heating at 115°
- 120°C. (autoclave). Killed bacilli from meat- 
extraet-agar cultures have now heen tested on four 
occasions, using suspensions of 15,000 - 20,000 
million organisms per c.c., hut no suggestion of 
zonal complement-fixation has heen demonstrable; 
any anticomplementary effect shown hy these sus
pensions was slight (4-6 M.H.D.). Portions of 
the same cultures, however, tested as fresh (un
heated) suspensions (2,000 million per c.c.) and 
with the same specimens of complement, yielded a 
typical zone in every instance. On the other 
hand, autoclaved suspensions of hacilli grown on 
casein-digest-agar have never yet failed to fix 
complement zonally, even when the density of the 
suspension used was as low as 1,500 —  2,000 
million per c.c. (seven eixperiments). It would 
thus appear that the living hacilli possess the 
property of causing zonal fixation of complement 
irrespective of the nature of the medium on which 
they have heen grown, hut that this property is
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sometimes thermostable and sometimes relatively 
thermolabile; the difference being determined 
by the use of different culture media. Mackie 
has now confirmed this finding, which promises 
to provide an interesting field for further 
investigation, but, as it is outwith the scope 
of the present work, it has not meantime been 
followed up.

Age of Culture.
In practically all cases, cultures of 18 to 24 
hours* growth at 37°C., have been used, but, so 
far as the "Rll" strain is concerned, the age of 
the culture is not of importance since zonal 
complement-fixation has been demonstrated with 
cultures at least a month old.

The complement.
As a routine, the guinea-pigs have been bled on 
the.evening prior to the test, the blood stored 
in a cool place overnight and the serum pipetted 
off and eentrifugalised next morning. In several 
instances the complement has been obtained by 
killing the animals immediately before the tests, 
defibrinating the blood and recovering the serum 
by centrifugalisation.
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Either of these methods of preparation yields 
a Serum whose haemolytic complement is fixed 
zonally by a suitable typhoid suspension, and 
this property is retained, for a week or two, 
at least, when the serum is preserved frozen 
hard in the refrigerator. In order to eliminate 
the possibility of the phenomenon being associated 
with a particular breed of guinea-pig, or with 
local conditions, animals have been procured fram 
sources of supply other than the usual, but in 
the course of an extensive series of tests no 
animal has yet been found, whatever its age, 
weight, or origin, whose complement has not been 
fixed in the manner indicated by the strain of 
B. typhosus ordinarily employed. Animals specially 
obtained from London and elsewhere were killed 
within twenty-four hours of their arrival at the 
laboratory and their sera used as complement 
without delay.

The amount of complement fixed.
Early observations suggested that not only the 
commencement, but also the Tapper limit, of the 
zone of camplement-fixation was related to the 
turbidity of the bacillary suspension employed, 
and an example of experiments undertaken to
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T A B  L E IV

E ffect of d ilu tio n  o f typhoid suspension on amount o f complement fixed*

Complement M.H.D. 2 4 6 9 12 16 20 25 30 40 50 60 70 80

a 1 o in 2 C c 0 0 0 0 0 0 0 0 0 tr d mk vmk
*4

8 1 c ” 4 c C ftr 0 0 0 0 0 0 tr vmk jo•0 B. 1 •a 3
" 8 c C c 0 0 0 0 tr vmk jc c C

e a *f o x•H tj
" 12 c C c c 0 0 tr mk jo C c c

3 O -*• 
*4 Jtt

"16 c c c c ftr ftr mk C C c c c
-4 09 -|a >> 1 "20 c c c O' 0 tr ac C C c c c

M.H.D* of complement « 0.0075.c*c*
Baolllary suspensions are unheated. Teat volume of each * of5 e.e*
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furnish further information on this point is . 
given in Table IV,

For this experiment, a dense 
suspension of the TTR11TT strain was prepared and 
from this a series of increasing dilutions with 
saline were made, each of which was tested at 
the same time with an extensive range of doses 
of the same guinea-pig’s serum. As the total 
volume in corresponding tubes of the series is 
constant, it is apparent that the amount of 
complement fixed is dependent on the number of 
bacilli present. Attention may again; be directed 
to the fact that the density of the typhoid sus
pension affects the incidence of the fixation zone; 
with the strongest suspension this begins in the 
presence of 0.03 c.c. of complement while, with the 
most dilute, more than 0.045 c.c. of the serum must 
be present before complement-fixation is manifest.
Owing to the very large amount of complement fixed 
by these suspensions, and to their nature, it is 
a matter of great difficulty to obtain precise 
information as to the actual quantitative relation
ship between the number of bacilli used and the 
number of complement doses fixed but, in the course of a
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T A B L E  V.

Effect on complement-f ixation  o f  varia tion  o f the to ta l  volume in  which
serum and b a c i l l i  in terac t.

(M.H.D. Ccmplese**- ( 2 4 6 8 10
(o.o* 0*015 o.o? 0.045 oo.o 0.0̂ 5

Baoillary suspension 0*0* 0.25 0.25 0.25 0.25 0.25

Without added saline • • 0 0 0 0 0
With saline added to 0.5 o.o. »° 0 0 0 0
M M  M R 0*9 o.o* C c 0 0 0
M M M M 1*2 o.o* C c jo tr ftr

M.H.D. ofcomplement' (in total volume 0.5 c.e) * 0*0075 c.c. 
Bacillary suspension is unheated.
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series of experiments of the same type as figured 
in Table IY., the general trend of the results 
has pointed to a remarkably close parallelism 
betweem them. The effect of varying the total 
volume, while keeping the number of organisms 
constant, has also been studied and it has been 
found that on increasing the volume iLn which the 
bacilli and guinea-pig’s serum are permitted to 
interact, the commencement of the zone of 
complement-fixation does not appear until somewhat 
higher complement dosages are present. An 
example is given in Table V.

Relation to agglutinins in guinea-pig’s serum.
On many of the occasions on which the phenomenon 
was being studied the guinea-pig’s serum used as 
complement has been tested for the presence of 
agglutinins for B. typhosus. In such tests both 
Standard Agglutinable Culture (Oxford) of the 
organism and suspensions of the "Rll” strain were 
employed,and incubation of the tests was carried 
out at temperatures of 55°C. (water-bath) and 
37°C. (incubator). When 55°C. is the temperature 
of incubation, agglutination has never been 
observed with concentrations of guinea-pig's 
serum ranging from 1 in 4 to 1 in 200 but, in tests
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incubated at 37°C., for twenty-four hours, there 
was occasionally some agglutination of the "Rll" 
strain in the presence of serum concentrations 
of 1 in 2 and 1 in 4. At 37°C. however no agglutin
ation of Standard Culture was obtained. Agglutinins, 
when present, were therefore minimal in amount and 
usually thermo-labile. Confirmation of the thermo
lability of such traces of agglutinating power 
has been obtained on several occasions by carrying 
out parallel tests with the guinea-pig*s serum (a) 
fresh, and (b) after heating for half an hour in 
a water-bath at 55°C. It must be emphasised that 
the presence of demonstrable traces of agglutinins 
for 1. typhosus is not essential for zonal fixation 
of haemolytic complement. Guinea-pig*s serum has 
been met with which, even in a concentration of 1 
in 2, proved devoid of agglutinating power for 
the "Rll" strain (tested at 37°C.) but which showed 
fixation of upwards of 50 M.H.D. of its haemolytic 
complement by 0.5 c.c. of the actual typhoid sus
pension used in the agglutination test.

The treatment of complement with B. typhosus.
As it seemed possible that the phenomenon might be
associated with the presence in the c omplement-
containing serum of a natural antibody to B. 
typhosus an experiment was undertaken to determine



(to follow p.188)

TABLE VI 
—  -----

"Treated complement•  "

(M.H.D. 2 4 6 9 12 15 20 25 30 40 50
(o.o. 0.01 0.02 0.03 0.045 0.06 0.0*75 o.l 0.125 0.15 0.2 0.25

Bftolllary suspension o.o. 0.5 0.5 0.5 0*5 0.5 0.5 0.5 Q.5 0.5 0.5 0.5

Using Fresh Complement vmk tr 0' 0 0 0 0 0 tr vmk
Using "Treated com-

nplement r>w C C c c c c c C • • •

M.B.D. of complement (fresh or "treated") * 0*005 c.c.
"Treated complement■ is not haemolytic for or blood cells. 
Bacillary suspension heated at 55*G. for one hoar prior to use.
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the effect of treating the guinea-pig*s serum at 
0°C. with the organisms, as a preRiminary to its 
use in the usual way. This was tried on the 
analogy of the deprivation of guinea-pig*s serum 
of its natural lysin for ox blood cells by treating 
it at 0°C. with ox blood sediment and, as is shown 
in Table VI, such treatment succeeded in yielding 
a product, practically unaltered in its haemolytic 
activity, whose haemolytic complement was not fixed 
by B. typhosus alone.

Preparation of "treated complement".
A measured volume of concentrated suspension of 
B. typhosus in saline (heated or unheated) is 
centrifugalised and the supernatant fluid 
pipetted off. The sediment is chilled by 
placing the tube in chopped ice for five minutes 
after which a volume of guinea-pig’s serum, 
similarly chilled, is added, equivalent to 8 
M.H.D. of complement for each c.c. of diluted 
suspension represented by the baeillary sediment 
e.g. if the concentrated baeillary suspension 
required to be diluted to 1 in 6 (determined by 
preliminary tests as detailed on p.175) in order 
to be suitable for demonstrating the zone
phenomenon, then the sediment from 15 c.c.
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T A B L E  Vll

Examples o f the e f fec t  of  *treatm ent* on M, R. D. o f complement• *

Haesolytio eysten o.o. 0.5 0.5 0.5 0.5
Cosplesent o.o. 0.0025 6.6o$ 0.00% 0.01

(fresh ftr c c cComplement A ("treated" ftr ac c c
(fresh s e e tr e e e 80Complement B ("treated" e e • ftr e • ♦ oc

(fresh ftr c cComplement C ("treated" ftr vmk c C

(fresh s e e ac ♦ ♦ ♦ CComplement D ("treated" e • e mk ♦ e e C

Tests incttoated for one hoar at 37*C.
"Treated complement" is not haemolytic for oat blood cells. 
Complements A, By C and D are specimens used on different occasions.
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represents 90 c.c. of diluted suspension 
and will, therefore, be used to treat 8 x 
90 M.H.D. of guinea-pig* s serum. The 
bacilli are mixed with the serum by stirring 
with a glass rod and the mixture is allowed 
to stand in chopped ice for one hour. There
after it is centrifugalised at high speed 
for fifteen minutes; the supernatant fluid 
is pipetted off and re-centrifugalised; 
any sediment in the tube is rejected and the 
clear serum constitutes "treated complement". 

Table VI serves as a further example of the 
extent of the zone of complement-fixation which 
occurs with B. typhosus and fresh guinea-pig*s 
serum (6 to 40 M.H.D.) and it shows the total 
absence of any complement-fixation when "treated 
complement" is substituted for the fresh serum.
The same result has now been obtained on many 
occasions. "Treatment" of the serum deprives 
it of the power to show fixation of its 
haemolytic complement in the presence of B. 
typhosus and, as is exemplified in Table VII, 
such "treatment" rarely causes more than an 
insignificant increase in the haemolytic dose.
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TABLE Hu

Example o f imperfect 0treatment" o f complement,

o o m 1b. I 1 2 4 *7 10 15 20 30 40 50
■eat (cwo. 0.01 0.02 0.04 0.0*7 0.1 0.l£ o.S o.£ 6.4 6.5
Baeillary suspension o.c. ) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Using fresh complement c C 0 0 0 0 0 0 0 ftr
tfeing "treated7' 
complement"' vrnk C c c c c vmk ftr 0 ftr

Baeillary suspension in unheated.
M.H.D. of complement (fresh or "treated") * 0.01 c.c. "Treated complement” 

is not haemolytic for ox blood cells. It is prepared with bacilli previously 
heated at 55 *C. for 1 hour.
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From these initial observations it was 
apparent that the destruction of the haemolytic 
complement of guinea-pig*s serum which occurred 
in the presence of B. typhosus under the con
ditions of the test, could not be due to a direct 
effect of the bacilli on complement, but that it 
was rendered possible by the interaction of some 
additional factor present in the serum. "Treat
ment” has not invariably succeeded in abolishing 
completely the zone of complement-fixation which 
normally occurs with a suspension of B. typhosus 
and fresh complement. Occasionally a zone has 
persisted even after "treatment" of the serum, 
but such a zone has always been very much shorter 
than the one resulting from the use of the fresh 
(untreated) serum. It begins only when relatively 
large complement dosages are employed but its 
upper limit may coincide with that of the zone 
shown by the fresh serum. An example is given in 
Table VIII amd as a general rule, it has seemed 
justifiable to attribute such results to inefficient 
"treatment" with too small an amount of baeillary 
sediment in proportion to the volume of serum.

"Treated bacilli".
Since "treatment" of guinea-pig* s serum in the
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manner described above was the means of removing 
some factor normally present, it appeared desirable 
to examine the bacilli used in the process in 
order to determine whether or not they had been 
altered in any way as a result of their contact 
with the serum. The baeillary sediment recovered 
after "treatment" of complement was washed with 
sterile saline and finally suspended in saline 
so as to yield an emulsion of the same density as 
that ordinarily used in the tests. For example, 
a measured volume of a strong suspension of B. 
typhosus in saline is centrifugalised and the 
sediment utilised for "treating" a portion of 
complement. With the remainder of the strong 
suspension a preliminary titration is carried out 
to determine how much dilution is necessary so that 
zonal fixation of complement may be optimal (vide ,p.
175 )> and it is diluted accordingly, e.g. to 1 

in 8. When the bacilli which have been in contact 
with the complement at 0°C. are recovered, they are, 
after washing, suspended in a volume of saline 
eight times that of the measured volume of strong 
suspension from which they were originally obtained. 
In this way two suspensions of B. typhosus of
equal density are prepared, the one consisting of
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T A B L E  IX

S en sitisa tio n  o f typhoid b a c i l l i  by contact with guinea-pig's scrum a t o*C.

(Y.H.D. 1 2 3 4| 6 8 10 15
pie went" (c.e. 0.015 0.03 0.045 0.0075 0.09 0.12 0.15 0.225

Baeillary suspension o.o. 0.5 0.5 0.5 0*5 0.5 0.5 0.5 0.5

Using suspension of normal bacilli vmk c c c C ... ...
Using suspension of 
"treated" bacilli. 0 0 0 0 0 ftr mk C

Treated" bacilli have been in contact with guinea-pig's serum at 0*0 for one 
hour.Normal bacilli have been kept at 0*C for one hour and have been centrifugalis- 
ed in parallel with "treated" bacilli.

Suspensions of normal and "treated" bacilli are of equal densities.
Preliminarily the bacilli were heated at 55*C for two hours in water-bath.
M.H.D. of "treated complement" • 0.0156.0. It is not haemolytic for o& blood 

cells.
Note. -  Treated complement" showed no zone phenomenon with the suspension 

of normal bacilli when tested in a full range of doses (1 to 40), thus showing 
that the treatment had been adequate. The upper limit of the sons with fresh 
complement, used as a control, was at 35 to 40 M.B.P.

The baeillary suspensions are not haemolytic for ok blood cells.
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normal bacilli and the other of bacilli which have 
been in contact with the serum for an hour. These 
two suspensions are now tested in parallel with a 
range of increasing doses of "treated complement", 
as shown in the experiment given in Table IX.

Bacilli which have been used to 
"treat" complement thus differ from the normal 
bacilli in that they can fix "treated complement", 
ije. they behave like bacilli sensitised with a 
corresponding antibody. This finding has been 
confirmed and the conclusion is therefore warranted 
that normal guinea-pig*s serum contains a factor 
which,in conferring on typhoid bacilli the power 
to fix complement, resembles a specific antibody.

The action of guinea-pig*s serum deprived of 
haemolytic complement.
For the removal of haemolytic complement from the 
serum heated stromata of blood cells (ox or sheep) 
fully sensitised with the homologous immune body 
were used. A 12 per cent suspension in saline of 
thrice-washed sheep blood sediment is heated for 
several hourg in a water-bath at 55°C. The 
sediment is recovered by centrifugalisation and 
washed with saline as often as may be necessary 
to ensure that the supernatant fluid is clear and



(194)

colourless. This washed sediment is suspended in 
saline and sensitised with ten times the M.H.D. 
of the homologous immune "body,* of which 2 c.c. 
are required per 100 c.c. of the original sus
pension. Ox blood sediment sensitised with rabbit 
v. ox immune body has been used similarly. After 
standing for some hours (usually overnight) in a 
cool place the sediment is recovered by prolonged 
centrifugalisation, and, after removal of the 
supernatant fluid as completely as possible, it 
is mixed with an equal volume of complement and 
the mixture incubated at 37°C., for from two to 
three hours. At the end of this time the mixture 
is centrifugalised and the clear supernatant fluid 
is pipetted off. This product consisting of guinea 
pig*s serum deprived of its haemolytic complement 
will be referred to as "absorbed serum". On the 
numerous occasions on whieh it has been prepared 
it has consistently been found to be devoid of 
haemolytic complementing activity in dosages 
representing 100 times the M.H.D. of the fresh 
serum and, by itself, it showed no anticomplemen- 
tary effect in the largest amounts used in the 
tests.
* Haemolytic serum for sheep*i corpuscles 

(Burroughs Wellcome & Co.).
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T A B L E  X

B. typhosus ♦ *absorbed serum0 * "treated complement,*

(M.H.D. 1 2 3 4 6 10 15 20 30 niluospxesenvi(o.o. 0.005 0.01 0.015 0.02 0.03 0.05 0.0?5 o.l 0.15 nil

Baeillary suspension * nat ive complement » c vmk ftr 0 0 0 0 ftr C 0
Baeillary suspension * "treated complement" - tr C C c c c c c c • ♦ •

■ i !•Hr 8
S§£

,"Absorbed serum" 0.005 c.c. 3<* c 3c mk ftr ftr tr ... c • ♦ •
"absorbed serum" 

0.01 c.c. C 3c ftr ftr 0 0 tr • •• 8 0 • # a
S”!eon i"absorbed serum" 0.015 c.c. ac ftr 0 0 0 0 0 • • • S C ♦ • ♦
4 0 *iH O  ©
33*

"absorbed serum" 0.0* c.c. d 0 0 0 0 0 0 ... vmk s ea
O s  *
m  ♦ ♦ ♦ "absorbed serum" 0.04 c.c. 0 0 0 0 0 0 0 a a • a s #  a # A •
Saline 0.5 c.c.♦^absorbed serum" 0.04 c.c. ♦ "treated complement" C C C C c C c • • • c aaa a

Tost ^olone of baeillary suspension * 0.5 o.o. Suspension is unheated.
"Treated complement" is prepared with coal dust (vide pJ-98)-; is not haemolytic 

for ox blood cells.
Haemolytic system * 3 per cent, suspension of thrice-washed ox blood sediment 

sensitised with 5 M.H.D. of immune body from rabbit.
"Absorbed serum" (prepared with heated stromata of sheep's blood cells) 0.5 c.c.

♦ haemolytic system = no lysis.
Native complement, "treated complement" and "absorbed serum" are all from the 

same sample of pooled guinea-pig's serum.



(195)

By means of the procedures which have been 
detailed, guinea-pig's serum can be prepared as 
(a) "treated complement" and (b) "absorbed serum", 
and these fractions, along with the original native 
serum, are available for testing with a suspension 
of typhoid bacilli as follows*. -

(1) Bacilli + native serum (increasing doses).
(2) Bacilli + "treated complement"

(increasing doses).
(3) Bacilli + "absorbed serum" + "treated

complement" (increasing doses).

The tests are carried out in parallel, using the 
same typhoid suspension throughout and"treated 
complement" "absorbed serum" and native serum 
(complement) which are portions of the same specimen 
of pooled guinea-pig's serum. Table X is a 
characteristic example of the results obtained in 
such an experiment, and it shows that "treated 
complement", which is not fixed by typhoid bacilli 
alone or by the "absorbed serum" alone, is fixed 
by mixtures of these two. Moreover, when small 
amounts of "absorbed serum" are used, the comple
ment fixation may be zonal. In the presence of 
larger amounts, the result is precisely that of 
fixation of complement by a mixture of an antigen 
with its homologous antibody, and it would appear



(to follow p.195)

T A B L E  XI

(M.H.D. 1 2 3 4 6 8 10 14 18 nilCosplesont i —.. -
(o.o. 0.01 0.02 0.03 0.04 0.06 0.08 0.1 0.14 0.18 all

Baoillery su«pension^ o.o. 0.5 0.5 0*5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Using native complement c c c vmk d ftr 0 0 0 0
Using incubated complement c c C C C c c c • • e

M.H.D. of complement (native or incubated) - 0.01 c.c.
Native and incubated complement are portions of the same sample of pobled guinea - 

pig’s serum.
Incdbated complement has been kept at 37*C for two hours prior to use in the test. 

Native complement has stood at room temperature for the same time.
Baeillary suspension is unheated. Density * 1000 million bacilli per c.c.
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from these experiments also that the phenomenon 
•under consideration must be attributed to the 
presence in noimal guinea-pig1s serum of a 
natural antibody to B. typhosus. Additional 
evidence in support of this conclusion is afforded 
by the fact that typhoid bacilli which have been 
in contact with "absorbed serum" at 0°C. behave, 
after washing with saline, like sensitised bacilli, 
i.e. they fix "treated complement".

Investigation of the thermo-stability 
of this natural antibody has yielded very varied 
results. "Absorbed serum" sometimes retains its 
specific anticomplementary power (i.e. in the 
presence of B. typhosus)after heating in a water- 
bath at 55°C. for half an hour and sometimes loses 
it. Further, it has been found that some samples 
of guinea-pigf s serum (native) will lose the anti
body if incubated for a few hours at 37°C. and 
this may explain certain failures to prepare an 
"absorbed serum" which would be active in sensitis
ing typhoid bacilli. Table XI is an example of 
such a serum, in which no loss in haemolytic 
activity was brought about by the incubation 
although the natural antibody for B. typhosus 
disappeared.
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Effect of "treating" complement with agents 
other than B. typhosus.
The method originally employed for depriving 
guinea-pig1s serum of its sensitising factor for 
B. typhosus (viz. "treatment" of the serum at 0°C. 
with the bacilli) is troublesome and well-nigh 
impracticable when a considerable quantity of 
"treated complement" is required. Even when Kolle 
flasks of 12 cm. diameter are used for the cultures 
the growth obtained from several of these is 
sufficient for the "treatment" of a limited volume 
only of complement and, as was found repeatedly, 
in-complete deprivation of the serum of its 
sensitising factor frequently attended the attempts 
to obtain 4 c.c. or more of "treated complement".
For the' work in connection with the action of 
"absorbed serum" it was necessary to have available 
a much larger volume of "treated complement" than 
4 c.c. and an endeavour was made to find an 
alternative mode of preparation.

It had been observed that "treatment" 
of guinea-pig1 s serum with a strain of B. typhosus 
which habitually showed only a short zone of 
complement-fixation, even when very dense suspensions 
were used, was just as effective in removing the
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T A B L E  Xll

'Treatment" o f complement with B. coli conmunis instead o f B. typhosus.

Conpleaent o.o. 0.01 0.02 0.03 0.04 0.06 0.08 0.1 0.14 0.18 nil
Baoillary suspension. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Using native complement c c vnk d ftr ftr tr ac C 0
Using complement "treated" 
with B, typhosus ac c C C C C C C c ...
Using complement "treated" 
with B. c o li  communis ac c c c c c c C c ...

Baeillary suspension * unheated suspension of B. typhosus•
M.H.D. of native complement * 0.0075 c.c.
M.H.D. of complement "treated" with B, typhosus » O.d c.c.
M.H.D. of complement "treated" with B. c o li  communis * o.oi c.c.
Native complement and the two types of "treated' ’complement" are all from the 

same sample of pooled guinea-pig's serum.
The bacilli used in "treating" complement have been heated for two hours at 55*
The strain of B, c o li  communis used above has failed, on repeated tests, to

cause zonal fixation of complement. Anticcmplementary effect is shown only in the 
presence of 2 to 3 H.H.D.

B. c o li  communis is not haemolytic for ox blood cells.
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sensitising factor as was "treatment" with the 
"Rll" strain, and that "treatment" with an 
organism (B. coli communis) with which zonal 
complement-fixation had not been demonstrable 
was similarly effective (Table XII). Any 
anticomplementary effect of this strain of 
B. coli communis was slight and it was shown 
only in the presence of low complement dosages 
(a to 3).

It was decided therefore to "treat" 
guinea-pig* s serum with an adsorbing agent which 
was non-bacterial. Kieselguhr was inapplicable 
in view of the fact that it removes haemolytic 
complement and attention was directed primarily 

coal dust. (A purified product prepared by 
Sutcliffe & Co., was used.)

1 grm. of coal dust is mixed thoroughly with
2 c.c. of 0.85 per cent, solution of NaCl 
in distilled water, and 2 c.c. of fresh 
guinea-pig's serum are then added. The 
contents of the tube are stirred with a 
glass rod and the mixture is allowed to stand 
at room temperature for two hours. (If the 
process is one of simple adsorption, two hours 
is probably longer than is necessary. In
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connection with this work, however, ample time 
is usually available for "treatment" while other 
reagents are being prepared.) The stirring is 
repeated frequently during the course of the 
two hours1 period, at the end of which the mixture 
is centrifugalised and the supernatant fluid 
pipetted off. If it is not perfectly clear it is 
centrifugalised a second time, and any sediment 
is rejected.

It was found that the M.H.D. of complement "treated" 
in this way was the same as that of a portion of the 
fresh serum which had been similarly diluted with 
saline, similarly stirred during the course of two 
hours at room temperature and similarly centrifugalised. 
Parallel tests were therefore made (as in the analogous 
experiment shown in Table VI) with typhoid suspension 
and (a) fresh serum, (b) serum "treated" with coal 
dust, and the results showed that coal dust had proved 
effective in removing the sensitising factor for B. 
typhosus. Serum "treated" in this way has been very 
largely used in the experimental work recorded above 
and on all occasions it has behaved in precisely the 
same manner as serum "treated" with baeillary sediment.

It has been noted previously that 
"treatment" with baeillary sediment sometimes failed
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T A B L E  X111

Example o f imperfect "treatm ent” o f complement (coal du st)»

(M.H.D. 1 2 3 4 6 8 10 15 20 nilwOfllpXOBODv I mmHmmmmmmmmt ■(o.o. 0.01 0.02 0.03 0.04 0.06 0.08 0.1 0.15 0,2 nil
Baeillary auapenaion o.o. 0*5 '0.5 0.5 0,5 0.5 0.5 0.5 0.5 0.5 0.5

Using native complement do 0 0 0 0 0 0 0 0 0
Using "treated" complement tr c c c c c c nok ftr • • •

Baeillary suspension * unheated suspension of B. typhosus. 
"Treated complement" prepared with coal dust.
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to remove the sensitising factor completely (vide p.19*) 
and similar failures have occasionally heen encountered 
in the case of serum "treated" with coal dust, even 
when the "treatment" given could reasonably have been 
expected to be adequate. Table XIII is an example of 
an experiment in which this occurred but it does not 
appear that failures of this kind are to be attributed 
to relative inefficiency of coal dust for the purpose 
required. "Treated complement" prepared by adsorbing 
the serum with coal dust has now been used very 
extensively and experience of its use fully warrants 
the conclusion that this mode of preparation is as 
reliable as "treatment" with chilled typhoid bacilli.
It has the great advantage that it dispenses with the 
necessity of having to arrange for very large amounts 
of bacterial growth, and of maintaining a temperature 
of 0°C. during the course of "treatment." Further, 
it permits of the preparation of considerable volumes 
of"treated complement" easily, and with precise know
ledge as to the degree to which the original serum has 
been diluted in the process.

Commercial powdered glass has also 
been employed with success as a substitute for typhoid 
bacilli in "treating" complement, but its use was not
favoured on account of the difficulty of freeing it
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from traces of alkali. Moreover, owing to the 
relatively greater weight of its particles, it 
settles out of suspension very speedily and its 
use necessitates almost constant stirring of the 
serum during the course of "treatment”. For 
depriving guinea-pig’s serum of its sensitising 
factor for B. typhosus, however, it id as efficient 
as either bacilli or coal dust.

Willow charcoal (Bragg’s medicinal) 
has recently been used instead of coal dust (following 
the technique detailed on p.198) and, on all occasions 
on which it has been employed, "treatment" has 
succeeded in depriving guinea-pig’s serum completely 
of its natural antibody to B. typhosus; the dose 
of haemolytic complement has not been affected by 
"treatment", and a shorter period of centrifugalisation 
is required to remove the charcoal from the serum at 
the end of the process. Experience with willow 
charcoal as the adsorbing agent is, as yet, limited 
but it is proving itself even more satisfactory than 
coal dust for the purpose required. The hydrogen- 
ion concentrations (Universal Indicator (British Drug 
Houses)) of "treated" and fresh serum are apparently 
so nearly the same that no gross difference has been 
detected, and it is worthy of note that "treatment"
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of complement with coal dust or charcoal is without 
effect on its deviability, as estimated quantitative
ly in the Wassermann reaction.

Organisms other than B. typhosus.
Different strains of B. typhosus vary in their 
property of causing zonal fixation of guinea-pig’s 
complement; in two strains of this organism, as well 
as in a laboratory strain of B. coli communis, the 
property appeared to be entirely lacking. A number 
of allied organisms have also been tested, but the 
results have varied and, with different strains of 
the same organism, the uniformity of action shown 
by the great majority of the strains of B. typhosus 
has not been demonstrated. Five strains of B. para- 
typhosus (A, B, or C) yielded typical zones, but 
four others failed so to do even when very turbid 
suspensions were used. With organisms of the 
Gaertner-Aertrycke group, and with paracolon bacilli, 
similar irregularity in behaviour was found, while 
a second strain of B. coli communis gave a zone, 
thus differing from the laboratory strain of this 
organism. It would appear, therefore, that many 
coliform bacilli react with guinea-pig’s complement 
like B. typhosus, but with greater differences in 
individual behaviour.
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T A B L E  XIV

Zonal complement-^fixation by anthracoid bacillu s•

(M.H.D. 2 3 6 8 10 12 15 ail
(o.o. 0.02 0.03 0.045 0.06 0.08 0.1 0.12 0.15 nil

Baoillary suspension o.o. 0.3 0.3 0.3 0,3 0.3 0.3 0.3 0.3 0.3

Using native complement C vmk 0 0 0 0 0 mk 0
Using "treated complement" c C c c vmk • # e • • •

Baeillary suspension * anthracoid bacilli, autoclaved and thrice washed with 
sterile saline* The washings when tested with complement are found t<̂ >e devoid 
of any anticomplementary effect*

Density of suspension corresponds with tube 8 in the standard opacity series.
"Treated complement" (13 M.H.D.) is not haemolytic for sheep's cells.
"Treated complement" prepared with coal dust*
Native complement and "treated complement "are from the same sample of guinea- 

pig's serum*
The total volume in each tube is constant, viz; 0*7 c*c*
Haemolytic system * sensitised suspension of sheep's cells.
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T A B L E  XV

Zonal com plem nt-fixation by Staphylococcus aureus.

Complement o.o. 0.00$ 0.01 0.015 0.02 0.025 0.03 0.04 0.05 0.06 0.08 0.1 nil
staphyloooeoue suspension o.o. 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Using native complement jo O' ftr 0 0 0 0 0 0 ftr ac 0
Using "treated complement" mk C c c c 0 c c C C ...

Staphylococcus suspension * 1000 million per c.c. UnheatecU 
M.H.D. of complement (native or "treated*) • 0*0075 c.c. 
"Treated complement" prepared with charcoal.
Haemolytic system * sensitised suspension of sheep's cells. 
"Treated complement "isnot haemolytic for sheep's cells.
The total volume in each tube is constant, vis. 0.6 c.c.
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An anthracoid "bacillus, of Bacillus 
vulgatus ;type, has also been examined. Cultures 
of this organism grown in casein-digest-hroth 
for 18 to 24 hours are autoclaved at 120°C. for 
half an hour and the killed bacilli are recovered 
by eentrifugalisation. After washing five times 
with sterile saline they are re-suspended in saline 
and tested in the usual way. Zonal complement- 
fixation occurs and it is as striking a phenomenon 
as with the "Rll" strain of B. typhosus. Table 
X1Y shows the extent of the zone of complement- 
fixation when fresh guinea-pigfs serum is employed 
and the marked diminution of the zone when the 
serum "treated” imperfectly with coal dust is 
substituted.

A recently isolated strain of Staphylo
coccus aureus has yielded the interesting result 
shown in Table XV. This organism causes fixation 
of very large amounts of complement, but the zonal 
nature of the fixation is only demonstrable when 
1 M.H.D. is included in the range of complement 
doses used. If tested according to the method 
ordinarily employed in studying the anticomplementary 
action of bacteria or other agents (i.e. using
multiples of the M.H.D. of complement), the existence
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T A B L E  XVI

Use o f ra b b itco m p lem en t.

Complement M.H.D. 2 4 6 9 12 nil
Baeillary suspension c.c. 0.5 0.5 0*5 0.5 0.5 0.5

Using guinea-pig’s complement je mk 0 0 0 0
Using rabbit's complement (A) 0 0 c C c • • •
Using rabbit’s complement (B) 0 0 ftr c rr* ♦ • ♦

The suspension of B. typhosus has boon heated at 55#C.
M.H.D. of guinea-pig’s complement ■ 0.006 o.e.
M.H.D* of rabbit’s complement (A) * 0.09 c.c.
M.H.D. of rabbit's complement (IB) ■ 0.1 c.c.
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of a zone would tend to be missed and the suspension 
would appear simply to be very anti complementary.
As with B. typhosus and the anthracoid bacillus, 
"treatment” of the guinea-pig1s serum deprives it 
of its property of showing complement-fixation with 
this staphylococcus.

The effect of serum other than guinea-pig's.
Fresh normal rabbit's serum has been used as comple
ment and tested, in a range of doses, with a 
suspension of B. typhosus known to be suitable for 
the demonstration of zonal fixation of guinea-pig's 
complement. The result obtained is shown in Table 
ZVI and it would appear probable that the zone 
phenomenon does not occur when rabbit's complement 
is used. There are however certain difficulties 
associated with carrying out a satisfactory test of 
this type, the most obvious being that the compara
tively high M.H.D. of rabbit's complement precludes 
the practicability of employing the same extensive 
range of doses as, on the analogy of guinea-pig's 
complement, may be necessary for the demonstration 
of the phenomenon. The question has, however, been 
approached from another standpoint and the effect 
of the addition of small amounts of fresh normal 
rabbit's serum to mixtures of typhoid suspension
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T A B L E  m i

Effect  of  addition o f fresh  ra b b it's  serum to  mixtures o f B. typhceus and
"trea ted  complement."

Complement iM.H.D. 1 2 3 4 6 8 10 nil
[o.o. O.Ol 0.02 0.03 0.04 0.06 0.08 0.1 nil

Baoillary suspension o.o. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

(l) Using native complement jc 0 0 0 0 0 0 0
(2) Using "treated complement" tr c C C C C c • me
(3) Same as (2) but with addition of "absorbed serum" 0.C25 c.c. 0 0 0 0 0 0 0 set
(4) Same as (2) but with addition of fresh rabbit's serum 0.05 c.c. 0 0 see 0 0 0 • t • • • •
Control. -Same as (3) but with saline instead of bacillary suspension. C c c c c c c e • •
Control. -Same as (4) but with saline instead of bacillary suspension. C c • • ♦ c c c * * * t t#

The suspension of B. typhosus la unbeated.
"Treated complement" prepared with coal dust.
M.H.O. of rabbit *s complement * 0.075 c.c.
"Absorbed serum" 0.5 c.c. ♦ haemolytie system* no lysia.
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and "treated complement" (guinea-pig's) has teen 
studied. An example of such an experiment is 
given in Table XVII and it shows that the rabbit's 
serum which was used played a rdle exactly similar 
to that of the "absorbed" fraction of guinea-pig's 
serum, i.e. it conferred on a typhoid suspension 
the ability to fix "treated complement".

It must be emphasised, however, that 
such a result is not obtained with every specimen 
of rabbit's serum and, although the finding exemplified 
in Table XVII has been confirmed, a failure to confirm 
it has also to be recorded. Thus in a similar test 
(with the same strain of B. typhosus) the addition of 
a similar volume of fresh normal rabbit's serum was 
without effect; no complement-fixation occurred. In 
view of such observations it seems justifiable to 
conclude that the phenomenon of zonal fixation of 
guinea-pig's complement by B. typhosus, and by certain 
other organisms, is not explicable on the basis of 
a simple effect of, or on, serum in virtue of its 
being serum. Were it so, there should not be gross 
difference in the action of fresh specimens of serum 
from healthy normal individuals of the same species 
(rabbit), when added to mixtures of the bacilli and 
"treated complement".



(to folio* p*205)

T A B L E  XVlll

Inh ib ition  o f zonal f ix a tio n  o f complement by heated human serum.

Complement iK* H* D» 2 4 6 9 12 2 4 nil
0.0. 0.01 0.02 0.03 0,045 0.06 0*01 0.02 nil

Beoillery suepension 0.5 0.5 0.5 0.5 0.5 mil mil 0.5

Without human sense* 
With addition of heated

c C mk 0 0 • • • • • ♦ 0

human serum 0*05 c.c* ae c C C C C C • • •

The suspension of B. typhosus has been heated at 55*C.
The human serum has been heated for half an hour at 55 #C* It contains 40 

standard agglutinin units (Dreyer) per c.c. for B• typhosus. It is not haemolytic
for ok blood cells.

Complement * fresh guinea-pig's norm.
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The effect of the addition of serum which 
has been heated at 55°0. for half an hour to 
mixtures of typhoid suspension and fresh guinea- 
pig's complement has also been studied; for this 
purpose both rabbit's and human serum have been 
used. The results are extraordinarily varied and 
difficult to interpret. The addition of 0.05 c.c. 
of certain normal inactivated sera (rabbit's or 
human) leads to an extension of the zone of 
complement-fixation into the lower range of comple
ment dosages, thus yielding a result which would be 
interpreted as "positive" in the type of complement - 
fixation test usually carried out to detect anti
body to B. typhosus. In other cases, similar 
additions of inactivated serum (rabbit*s or human) 
actually diminish the extent of the zone, and when 
such diminution has been observed the effect has 
been shown by the absence of any complement-fixation 
in the comparatively limited range of complement 
dosages used (2 to 12). One of these sera (shown 
in Table XVIII has been tested on many occasions 
and its action in this way has been consistent, in 
spite of the fact that it contained over 40 standard 
agglutinin units (Dreyer) per c.c. for B. typhosus.
Examples of each of these effects of the addition



(207)

of inactivated serum have been observed in the same 
series of tests.

The sera, other than guinea-pigs1, 
which have "been used hoth fresh and after heating 
at 55°C. have thus exhibited wide differences in 
their effect on typhoid bacilli, and it seems 
probable that some of these differences are related 
to irregularity in the distribution of the natural 
antibody in different species, while others are 
probably due to varying thermo-stability of the 
antibody. With guinea-pig*s serum there has been 
striking uniformity in the findings, in the course 
of observations extending over more than five years, 
and the haemolytic complement of such serum has 
never failed to be fixed zonally by a suitable 
suspension of the usual strain of B. typhosus.
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Discussion,

In the literature of previous work on 
complement-fixation tests with B. typhosus the 
absence of any reference to the phenomenon here 
described is apparently to be attributed mainly 
to the employment by the various authors of a 
single, arbitrarily arranged, complement dosage. 
Such a method, although based on the analogy of 
the original work of Wassermann in connection with 
the serological diagnosis of syphilis, is open to 
the objections recognised by Muir and Martin (1906) 
in their use of varied doses of complement and 
emphasised by Browning and Mackenzie (1924). 
Further, as the recent work of Sugden and Williams 
(1926) on colloid protective phenomena has shown, 
it is essential that in such tests each of the 
participating reagents must be varied if erroneous 
conclusions are to be avoided.

Dean (1910 and 1911) has drawn attention 
to the necessity of varying both antigen and anti
body when carrying out complement-fixation tests 
with B. typhosus, and he has shown that such a 
method is a very delicate and specific means of 
differentiating closely allied bacteria. He uses 
however a fixed complement dosage (0.05 c.c. fresh
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guinea-pig*s serum acting in a total test volume 
of 1.5 c.c. J and as antigen he employs a watery 
extract of the bacilli instead of a suspension of 
the organisms in saline. Either of these departures 
from the technique followed in the present work 
may account for the absence of spontaneous fixation 
of complement by the antigen alone; the strain of 
B. typhosus used may also have been of the type 
less suited for eliciting the phenomenon although 
proving a good antigen for detecting immune anti
body. In a later communication (1912) Bean 
amplifies his previous work and takes cognisance 
of the desirability of varying the test volume of 
complement as well as that of the antigen and immune 
serum. The antigen used however is a watery extract 
of bacilli and the maximum complement dosage tested 
is 0.2 c.c. of guinea-pig* s serum acting in a total 
test volume of 1.5 c.c. From the present work it is 
evident that for the occurrence of spontaneous 
complement-fixation the concentration of guinea-pig1 s 
serum is of more importance than its absolute volume 
or haemolytic dosage (vide Tables 17 and 7), and 
this observation taken in conjunction with the nature 
of the antigen used by Bean would appear to offer 
adequate explanation of the absence of the phenomenon 
in his results. His insistence on the necessity for
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titrating diminishing amounts of antibody with
diminishing amounts of antigen, if traces of the
latter are to be detected, is supported by findings
of the type exemplified in Table IV. Here there is 

-lya striking^close parallel to his results with 
mixtures of typhoid antigen, antiserum and comple
ment, although in the experiment shown in Table IV 
no antiserum has been added and the only variants 
are typhoid bacilli and complement.

Parker (1923) has confirmed Dean’s 
findings, but used the "Rawlings” strain of B. 
typhosus which has consistently failed to cause 
zonal fixation of guinea-pig’s complement, Takeno- 
mata (1924), in a lengthy communication on non
specific complement-fixation by a variety of "pseudo- 
antigens", among which he includes bacterial cultures, 
restricts himself to the use of a single complement 
dosage (0.1 c.c. of a 1 in 6 dilution of guinea-pig’s 
serum, acting in a total test volume of 0.55c.c.). 
Certain of his conclusions are therefore likely to 
be founded on incompletely controlled observations, 
but it is of interest that he noted considerable 
variability in the action of inactivated rabbit1s 
serum in leading to non-specific fixation of guinea-

pig^ complement by bacterial suspensions or extracts.
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Further, he indirectly confirms the findings of the 
present work that such complement-fixation does not 
occur at 09c., and that heating of rabbit’s serum 
may diminish or destroy its ability to lead to 
fixation of the arbitrary complement dosage in the 
presence of bacterial suspension.

Ritz and Sachs (1917), amplifying 
their earlier communication (1911), record the 
observation of zonal fixation of guinea-pig’s 
complement by suspensions of B. prodigiosus and 
Staphylococcus, and they conclude that this is anal
ogous to the inactivation of complement which occurs 
in salt-free media or in the presence of cobra-venom. 
Friedberger and Putter (1920) failed to demonstrate 
the phenomenon with B. prodigiosus, but Kondo (1923) 
was able to confirm the findings of Ritz and Sachs. 
These workers recognise that the action of the bacilli 
on complement is indirect, but they reject the idea 
of the presence of an antibody and explain the result 
on the basis of primary globulin alterations in the 
guinea-pig’s serum which are initiated by the bacilli 
and which lead to inactivation of the complement.
As it seems probable that a common basis should 
suffice to explain the zonal fixation of complement 
brought about by bacteria in general (e.g. B. 
prodigiosus, eoliform bacilli, anthracoid bacilli,
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staphylococci) the arguments which they adduce in 
support of their hypothesis merit careful con
sideration, all the more so as certain of the 
observations in the present work render its 
acceptance difficult for B. typhosus. They lay 
stress on the fact that by the use of weak acid 
or alkali, and without thereby damaging the comple
ment, they are able to deprive guinea-pig’s serum 
of its capacity for showing zonal complement-fixation 
in the presence of B. prodigiosus, and in this they 
see good reason for rejecting the antibody hypothesis 
in favour of that of primary globulin alteration.
The absence of complement-fixation at 0°C. tends 
further to confirm them in their point of view, 
although the justification for such conclusions 
would not appear to be beyond question. Alterations 
in the state of dispersion of the globulin constitute 
only one of the possible results of the addition of 
weak acids or alkalis to serum, and Ritz and Sachs 
admit that there is unfortunately no way of proving 
chemically that such alterations occur. Further, 
the possibility of removing an antibody from serum, 
without damage to the complement function, is well 
known, e.g. haemolysins (natural or immune). In 
the present work it has been shown that by bringing
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with fresh guinea-pig* s serum at 0°C. a similar 
change is induced in the serum to that obtained 
by Ritz and Sachs by the use of acid or alkali - 
the complement remains practically undamaged but 
it can no longer be fixed by a suspension of 
typhoid bacilli; the chilling of the serum to 
0°C. does not of itself effect the change; the 
presence of the organisms is essential. What 
appears to be of prime importance, however, is the 
fact that not only is the serum altered by its 
contact with the bacilli, but the bacilli themselves 
undergo changes as a result of which their subse
quent behaviour resembles that of organisms which 
have been sensitised with the corresponding anti
body. This finding has been repeatedly confirmed 
both by the use of native serum and "absorbed serum” 
(vide pp.193and 196), and at no time have results been 
obtained which tended in any way to throw doubt on 
the validity of the conclusion that treatment of 
guinea-pig’s serum with bacilli, coal dust, charcoal, 
or powdered glass, actually removes some definite 
factor from it. For the sake of simplicity the 
process may be likened to adsorption and the results 
would thus indicate that many agents, bacterial or 
physical, can adsorb the factor in normal guinea- 
niff’s serum on the presence of which zonal fixation
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of complement by B. typhosus depends, but that only 
on certain organisms does its adsorption confer the 
ability to fix complement. It migfrt of course be 
suggested that the factor which is removed by 
treatment is in reality a precipitate, resulting 
from gross changes in the state of dispersion of 
the proteins of the serum, but such a hypothesis 
is quite untenable. If the fixation of complement 
were dependent on precipitum formation one would 
be obliged to admit that some strains of B. typhosus 
had the power of causing such precipitation, others 
actually of preventing it. Moreover, Ritz and Sachs 
expressly state that the globulin alterations to 
which they attribute the phenomenon are not associated 
with precipitum formation, although they are prepared 
to concede that the physical factors which determine 
the Alteration may be such as might cause precipitat
ion under certain conditions.

The question as to which of the so-called 
fractions or components of haemolytic complement are 
involved in the inactivation brought about by B. 
typhosus and other organisms has not been studied in 
the present work. Ritz and Sachs however attach 
importance to their conclusion that cobra-venom and 
B. prodigiosus both affect the same component, since
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complement which has been rendered inactive by 
either of these agents can be re-activated by
the addition of guinea-pig* s serum which has been 
heated at 55°C. (third component). They postulate 
therefore that dobra-venom and B. prodigiosus act 
on complement in the same way and that, as the 
inactivation of complement by venom has been 
explained in previous communications by themselves 
and others on the basis of globulin alterations, 
such is likely also to be the explanation of the 
action of B. prodigiosus. The results obtained by 
Coca (1914) in similar work on the inactivation of 
complement by cobra-venom must also be taken into 
account. He confirmed that complement which had 
been rendered inactive by cobra-venom, by yeast, 
or by sarcinae, could be re-activated by the 
addition of third component (native serum heated at 
55°C.), but he found also that venom-inactivated 
serum could be re-activated by yeast-inactivated 
serum. It appeared therefore that the actions of 
venom and yeaSt on third component were not identical. 
Further, the study of the quantitative relationships 
of yeast-inactivated and venom-inactivated sera to 
third component yielded results which indicated 
radical differences in the behaviour of one guinea-
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pig’s serum as compared with that of another.
Gordon, Whitehead and Wormall (1926) have recently 
reported a fourth component of complement which 
is associated with the albumin-fraction of serum 
(thereby differing from third component), and 
they find that mixtures of (1) serum deprived of 
third component (e.g. by yeast or by heating at 
55°C.) and (2) serum deprived of fourth component 
show restoration of the complement function. These 
observations may offer an alternative explanation 
of the result obtained by Coca with mixtures of 
yeast-inactiveted and venom-inactivated serum, and 
they raise doubt as to the justification for the 
conclusions of Ritz and Sachs that loss of third 
component is implied when an inactive serum can 
be re-activated by serum heated at 55°C., or that 
primary globulin alterations are necessarily implied 
in the inactivation of complement. Further, although 
with certain immune haemolysins it has been found 
that the so-called mid-piece fraction of complement 
is primarily involved in the haemolysis of the 
sensitised cells (and thereby in the inactivation 
of complement), it does not appear that this affords 
adequate grounds for assuming that the inactivation

of complement by other antigen-antibody combinations
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is necessarily brought about in the same way. The 
probability of differences in the action of natural 
as opposed to immune antibodies must also be borne 
in mind, especially with regard to the effect on 
complement of antigen-antibody combinations, e.g. 
the differing affinities for complement conferred 
on an antigen by natural as compared with immune 
haemolysin (Bordet,1927).

For these reasons one is meantime 
disinclined to attach decisive significance to the 
behaviour of the so-called fractions or components 
of haemolytic complement in the presence of the 
various agents which lead to inactivation of the 
complement function. It may be that further 
research will necessitate a readjustment of the 
present conception of complement-fixation in general, 
and possibly also of the nature of antibodies, both 
natural and immune, but it would appear desirable 
to recognise that these "components" vhich have been 
described in relation to complement action are as 
yet far from being clearly defined or properly 
understood. It may be well therefore not to stress 
their importance unduly, but to regard conclusions 
based on their behaviour as of the nature of interest

ing speculations rather than as arguments in support
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of, or against, a particular hypothesis.
The results which have been obtained 

with the "Rll" strain of B. typhosus can be reason
ably explained on the assumption that normal guinea- 
pig* s serum contains a factor which plays the role 
ordinarily ascribed to an antibody, and until it 
can be shown definitely that in some of its characters 
this factor differs fundamentally from known natural 
antibodies it seems unnecessary to seek to explain 
it on any other basis. It has to be noted, however, 
that in applying the term antibody to this factor 
in normal guinea-pig*s serum, emphasis is being laid 
on the distinction between natural antibodies and 
immune-antibodies (antibodies produced as a result 
of active immunisation). Comparatively little work 
has as yet been devoted to the former group; but 
the behaviour of the natural haemagglutinins and 
haemolysins has been found to differ in certain 
respects, e.g. specificity and thermo-stability, 
from that of the corresponding immune-antibodies.
It seems justifiable, therefore, to refer to the 
factor in normal guinea-pig*s serum on which zonal 
fixation of complement by B. typhosus depends as a 
natural antibody. It resembles an immune antibody 
in that - (a) it unites with the bacilli at 0°G~.
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without leading to fixation of complement, and 
(b) bacilli which have thus been in contact with 
guinea-pig's serum at 0°C. behave like bacilli 
which have been sensitised with the homologous 
immune antibody, i.e. they fix "treated complement”. 
That there are features in its behaviour which are 
difficult to explain on the antibody hypothesis 
is admitted freely (e.g. the zone phenomenon, and 
the relatively great resistance to the effect of 
heat possessed by the receptors of certain strains), 
but in the present state of knowledge it would not 
appear that the interpretation of these is rendered 
any less difficult by the alternative hypothesis 
to which attention has already been directed. The 
question of the zone-phenomenon is of special 
interest and it has not been neglected, but detailed 
reference to the observations which have been made 
in connection with this difficult problem is mean
time omitted, since the results are as yet incom
plete.

The natural antibody, as has been 
shown, is quite distinct from complement, since 
it can be removed from the serum without material 
increase in the haemolytic dose, and since it has 
been possible to deprive serum of its haemolytic
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complement without removal of the antibody. In its 
property of sensitising some organisms (e.g. B. 
typhosus, Staphylococcus), while failing to sensitise 
others, it shows a certain degree of specificity, 
but of greater interest possibly is its comparative 
lack of specificity. It can be removed from the 
serum, partially or completely, by a variety of 
agents, bacterial or otherwise, as well as by those 
organisms which if sensitises, and the great varia
bility which it shows in relation to its resistance 
to the effect of heat (being sometimes more labile 
than complement) further differentiates it from the 
group of specific immune bodies. These properties 
find analogies in what has been described in con
nection with certain other natural antibodies, e.g. 
by Landsteiner and Reich (1908) for natural 
haemagglutinins and by Thiele and Embleton (1914) 
in their work on the genesis of immune haemolysins.
The former workers record the removal of natural 
haemagglutinin from rabbit1s serum by casein and 
the thermo-lability of this antibody, While the 
latter, although they regard the natural haemolysin 
as a modification of complement, emphasise the 
gradual transition from thermo-lability to thermo
stability which it undergoes in the course of develop
ment.
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Some of the results obtained in the 
present work tend to throw considerable doubt on 
the reliability of complement-fixation tests in 
which bacterial suspensions are used as antigens 
(haptenes) and normal guinea-pig's serum as 
complement. Only two strains of B. typhosus out 
of twenty-one (in reality 1 out of 20; since . 
"Rawlings" and "Lister" (786) are the same) have 
been encountered which appear to be free from a 
source of fallacy in such tests, and it is of 
interest that these strains differ also from the 
others in their fermentative powers. Reference 
has been made, further, to the extraordinarily 
varied effects produced by the presence in such 
tests of small amounts of serum from different 
species (rabbit and human). It appears that 
inhibition of the spontaneous fixation of guinea- 
pig’s complement by typhoid bacilli sometimes 
occurs as a result of the addition of certain 
sera which may, or may not, contain immune anti
bodies to B. typhosus. In other instances, 
similar additions of normal sera (heated at 55°C.) 
lead to increased fixation of complement although 
the added serum is not of itself anticomplementary. 
Mftre detailed investigation of these points is
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required, but they serve still further to emphasise 
the recognised complexity of the factors involved 
in such biological reactions, and even to enhance 
the necessity for the most rigid control of each 
of the participating systems.

Summary.

(1) Guinea-pig*s serum shows zonal fixation of 
its haemolytic complement in the presence of a 
suspension in saline of the majority of strains 
of B. typhosus.

(2) Different strains of B. typhosus vary in 
their ability to cause zonal fixation of guinea-pig*s 
complement. Two out of twenty-one strains examined 
have failed to do so.

(3) The phenomenon is explicable on the basis of 
the presence in normal guinea-pig*s serum of a 
natural antibody. This resembles immune antibody

l

in its ability to sensitise the organisms, so that 
they can then fix complement, but it differs from 
immune antibody in its thermo-lability and in its 
comparative lack of specificity.
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(4) This antibody varies greatly in its sensitive
ness to heat and it is sometimes more labile than 
complement.

(5) B. typhosus unites with the antibody at 0°C., 
usually thereby becoming sensitised, but no fixation 
of complement occurs at 0°C.

(6) The antibody can be removed from guinea-pig*s 
serum not only by organisms with which it reacts 
specifically (leading to complement-fixation) but 
also by other organisms, and by agents such as coal 
dust,charcoal,or powdered glass.

(7) Haemolytic complement can be removed from 
guinea-pig* s serum without destruction of the anti
body.

(8) Certain other organisms (coliform, bacilli, 
anthracoid bacilli and staphylococci), also cause 
zonal fixation of guinea-pig*s complement.

(9) The addition of heated normal serum (rabbit*s 
or human) to mixtures of typhoid bacilli and guinea- 
pig’s complement sometimes inhibits, sometimes 
increases, the zone of complement-fixation.
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Appendix 1.

Sachs-georgi Test#

S TAM) A HP TECHNIQUE.

Saline. 0.85$ solution of pure sodium ohloride in distilled
water; heated in Koch steriliser.

Alcohol-saline. A freshly prepared 1 in 6 dilution of absolute 
alcohol in saline.

Serum. Human serum, free from blood cells, which has been
heated in a water-bath at 55o - 56°C. for half-an-hour,
several hours before the test.

Antigen. A 1 in 6 dilution with saline of a cholesterolised
alcoholic-extract of human heart muscle (appendix 5). 
The dilution is carried out in two stages:-
(a), 1 vulume of the cholesteroli sed heart-extract is 
mixed rapidly with 1 volume of saline, by pouring the 
saline into the extract and immediately pouring the 
mixture from one tube to the other several times. It 
is then allowed to stand at room temperature for five 
minutes, after which
(b), it is similarly rapidly diluted with an addition
al 4 volumes of saline. This final mixture is used in 
the test after it has stood at room temperature for 
from five to fifteen minutes.

Three tubes (3" x ) are used for each serum to be tested and
the reagents/
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are added in the amounts, and in the order, shown in the 
table. Measuring pipettes are rinsed out with saline, at 
least three times, between the addition of different reagents 
In preparing the antigen, the pipette is rinsed with absolute 
alcohol both before and after the measurement of cholesterol- 
ised heart-extract.

tube no. 1. 2. 3.

Saline. c.c. 0.9 0.9 0.9
Serum, c.c. 0.05 0.1 0.1
Alcohol-saline,c.c. nil nil 0.5
Antigen. c.c. 0.5 0.5 nil

Tubes 1 and 2 thus contain antigen + serum, while Tube 3 
which serves as a serum control contains no antigen. Alcohol 
however is present in the dame concentration as in Tubes 1 
and 2. The contents of each tube are mixed by gentle shaking 
after the addition of the serum and the antigen (or alcohol- 
saline), and the completed tests are placed in an incubator 
at 37°C. for from eighteen to twenty hours.
Controls. (1). A known positively reacting, and a known negat 

ively reacting, serum is included with each set of 
tests. In the case of the positive serum it is pre
ferable to use one which causes relatively feeble
flocculation, i.e. a weakly reacting serum.
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(2). An antigen control is indispensable. It 
consists of a tube with saline 0.9 c.c. + 
antigen 0.5 o.c.

Readings are made immediately after the withdrawal of the 
tubes from the incubator and shaking is to be avoided as 
it tends to break up and disperse the flocculi which may 
have formed, thereby rendering their detection less easy. 
Each tube is examined separately and a suitable arrangement 
of lighting is desirable in order to facilitate the 
reading. This consists essentially of oblique illumination 
of the contents of the tube while being viewed against a 
dark background.
If the antigen control is free from flocculi and if the 
control sera(positive and negative) react normally, the 
presence of flocculi in Tubes 1 or 2 (or in both) of a 
given test is accepted as a POSITIVE reaction, provided 
also that no flocculi are visible in Tube 3.
The use of a hand lens is not as a rule necessary but it 
may be employed to confirm the presence of fine flocculi. 
The detection of fine flocculi can also be simplified by 
causing them to circulate, by gentle agitation of the 
tube •
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♦+++ s coarse flocculant sediment with clear supernatant fluid
444 = flocculant sediment; supernatant fluid slightly turbid
++ = definite flocculi suspended in a turbid fluid.
+ = very fine flocculi Just visible to the naked eye.
i = turbidity greater than that of the antigen control, 

but no definite flocculi visible.
- = negative result. Opalescence as in antigen control.

(The above is based on t&e description by Taniguchi andYoshinare)•
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PHBPARAHOff of HEART EXTRACT.

Human heart is freed from surface fat, minced finely, and weighed.
It is then ground thoroughly in a clean mortar with well 
washed silver sand which has been dried and sterilised.
Absolute alcohol is added in the proportion of 5.0 o.c. 
for every gramme of minced heart and the mixture is’ transferred to a clean, dry, stoppered, bottle which is kept at room temperature for 48 hours, and shaken occasionally.
At the end of this period the mixture is filtered through paper and the filtrate constitutes Heart Extract.It is customary to store this in a well stoppered bottle and to keep it in the dark at room temperature.A varying amount of deposit tends to appear in the extract within a day or two of its preparation and this should be removed by re-filtration as often as may be necessary.
Heart extract prepared in this way forms the basis of the antigen for the Saehs-Georgi test but before it is ready 
for use it requires: -

(1), dilution with absolute alcohol.
(2), addition of cholesterol.

The precise amounts of alcohol and cholesterol most suitable 
for any given sample of heart extract are determined by titration, and the method employed is detailed under 
"Optimum Antigen9 (Appendix 6).
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OPTIMUM AH TIGER.

(For preparation of heart-extract, see Appendix 5).

The optimum antigen which can he prepared from any given sample of heart-extract is determined by carrying out parallel Sachs-Georgi tests with a known normal and a known syphilitic serum, and using twelve different antigens all of which have the extract as their basis but 
which vary in their lipoid and cholesterol concentrations. (Details of the preparation of these antigens are given below The tests are all carried out at the same time and, when the results are read, the antigen is noted which yields the coarsest flocculi with the syphilitic serum while showing 
no flocculation with the normal serum or in the antigen 
control. This is the Optimum Antigen.

It is generally preferable however to select 
two of the antigens which are definitely superior to the other ten (i.e. which show coarser flocculi in the presence 
of syphilitic serum but none in the antigen control or in the presence of normal serum), and to test these two in parallel on several subsequent occasions with a series of normal and syphilitie sera, in order that the one which consistently gives the more satisfactory results may 
finally be chosen.

The original sample of heart-extract is 
then diluted in bulk with absolute alcohol and cholesterolisec so as to yield the mixture which has thus been selected as the optimum antigen, and such cholesterolised extract has been found to retain its properties unimpaired for many months when stored in a stoppered bottle, in the dark, at room temperature. For use in the Saehs-Georgi test it merely requires dilution with saline according to the routine 
technique (see Appendix l).

(Cont inued)



Appendix 7.

The following are the details of the preparation of the antigens for optimum antigen titration: -
"A”, "B", and "C" are clean dry test-tubes into which the volumes of heart-extract and absolute alcohol shown are measured with a graduated pipette:

"A”. "B” "C".
heart-extract c.c. 2.2 1.5 1.1
absolute ale o ho1 c.c. 2.2 3.0 3.3

Three dilutions of the heart-extract (lipoid) are thus 
obtained, viz* extract: alcohol = 1:1, 1:2, 1:3. The 
contents of each tube are mixed by gentle shaking, or by 
sucking up and expelling the mixture several times with the pipette, and thenl.O c.c. fraji tube "C" is pipetted into each of four clean dry test-tubes (3" x |n). These are designated Cl, C2, C3, and C4. Similarly four tubes (Bl,B2, B3, and B4) each receive 1.0 c.c. from tube "B"; and 
four tubes (Al, A2, A3, and A4) 1.0 c.c. from tube "A".The measurements are made in this order so that the same pipette may be used without rinsing and without risk off 
increasing the concentration of lipoid by passing from a stronger solution to a weaker. A 1.0 per cent, solution of pure cholesterol in absolute alcohol is now added in the following amounts:

to tubes Al, Bl, and C l ------- 0.03 c.c. per tube
to tubes A2, B2, and C2 -------  0.045 c.c. " "
to tubes A3, B3, and C 3 ------- 0.06 c.c. ” "
to tubes A4, B4, and C4 -------  0.075 c.c. " n

The contents of each tube are mixed thoroughly and then a 
volume of the mixture, equal to the volume of cholesterol solution added, is withdrawn and rejected. The total volume 
remaining in every tube is thus 1.0 c.c. and the series represents varied dilutions of the original heart-extract, 
(lipoid) mixed with varied amounts of cholesterol. These twelve cholesterolised heart-extract dilutions are now 
diluted with saline (0.85 per cent. Uadi solution) according to the routine Saehs-Georgi technique so as to yield twelve 
antigens

(Continued).
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(Al, A2, etc.) for use in the test.
In practice it is convenient to have a rackwhich holds 36 tabes in three rows of 12. The front row is occupied by the twelve tabes Al to C4, in this order from 

left to right; 1.0 c.c. Saline is pipetted into each tube of the middle row, and 4.0 c.c. saline into each tube of the back row. The contents of the first tubes in the front 
and middle rows are mixed by pouring the saline rapidly into the cbolesterolised heart-extract and transferring the mixture quickly from one tube to the other several times. The tube with the mixture is returned to the front row and 
the empty tube is laid aside. Then the second tubes in the 
front and middle rows are dealt with similarly, and so on in 
the series to the twelfth pair. Ordinarily about two minutes 
suffice to complete this stage of the mixing and a further period of three minutes is allowed to elapse before commencing the final dilutions. These are made in turn by pouring 
the saline rapidly from a back row tube into the corresponding 
tube in the front row, beginning with Al, and transferring the mixture quickly from one tube to the other several times. 
After the mixing of the contents of the twelfth pair of tubes has been completed the antigens are allowed to stand for ten minutes before being used in the tests.

Example: If as a result of titration, as described above,A4 is selected as the optimum antigen, the stock cholesterol- 
ised extract Is prepared thus:

Heart-extract  1G0 c.c.Absolute alcohol------------  100 c.c.Cholesterol solution (1.0 per cent.)15 c.c.

l*e. heart-extract 1 part + absolute alcohol 1 part, with 
the addition of 0.075 c.c. of cholesterol solution per 
e.e. of the mixture.
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Extended Form of Saehs-Georgi Test.
(after Mackie)

This differs from the Standard Technique (appendix 1) in one 
respect only, viz. the use of a series of increasing serom 
dilutions in each test instead of the two which constitute 
the standard method.
The serum dilutions are prepared as follows: -

A row of test-tubes (3n x |") is set out in a rack and, 
into the first, one pipettes 0.4 c.c. serum and 1.6 c.c. 
saline, thus making a 1 in 5 dilution of the serum.
The remaining tubes in the row each receive 1.0 c.c. 
saline. By withdrawing 1.0 c.c. of the contents of tube 
I, transferring it to tube II, mixing and transferring 
1.0 c.c. of the mixture to tube III and so on in the 
series, a range of increasing serum dilutions is easily 
and accurately prepared (1 in 5; 1 in 10; 1 in 20; etc.
From the last tube in the series 1.0 c.c. is withdrawn 
and rejected so that, when this stage is reached, each 
tube contains 1.0 c.c. of a mixture of serum and saline.

The number of tubes in the series may be varied as required 
and the Standard Saehs-Georgi test is represented by the serum 
dilutions 1 in 20 and 1 in 10. (cf. tubes 1 and 2, appendix 2. 
The setting up of the tests is completed as in the Standard 
Technique by the addition of 0.5 c.c. antigen to each tube.



Appendix 10.

Section (A).
SALIHB.

Unless otherwise indicated, the Standard Saehs-Georgi 
Technique (appendix 1) is employed for all tests shown in 
this section.
The various electrolyte solutions are substituted for the 
saline (0,85$ UaCl), and they are therefore used both for 
diluting the sera and for the preparation of the antigens. 
Chemically pure salts are used in the preparation of the 
stock electrolyte solutions (generally of 1.0$ strength) and 
the various dilutions shown in the tables are made from these 
With distilled water.
The sera are POOUED specimens and their Wassermann reactions 
are known. "Normal" serum is a mixture of ten or more sera 
from cases which are free from clinical or serological evidence 
of syphilis (serum from a known treated case of syphilis is 
never included). "Syphilitic” serum is a mixture of six or 
more sera whose individual Wassermann reactions are strongly 
positive.
"Individual" specimens of serum (i.e. sera each of which is 
from a separate patient) are used for one or two experiments, 
but in all such cases a note to this effect appears in the 
table.



Appendix 11.

The same hatches of cholesterolised heart-extract (A4 and 
B2) are used in the preparation of the antigens for the 
whole of the work in connection with the effect of 
different electrolytes.

Serum controls are always set up, hut reference to these 
is omitted unless where flocculation occurs.
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Electrolyte.
SODIUM ACETATE.

SALINE. Aqueous solution of Sodium Acetate, various c one entrati ons *
SERA* Normal and0syphilitic sera, heated for half-an- 

hour at 56 0., five hours before use.
ANTIGEN. A4. Readings made after 19 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrolserum c.c* 0.66 6.1 0.05 0.1 nil

sodium acetate.
0*2 per cent. - mm + +
0.4 per cent. - - + ++ -
0.6 per cent. - mm + ++ -
0.8 per cent. - - ♦ +++ -
1.0 per cent. - - + ++ -

Control.
0.75 per cent.NaCl - ++ +++ -

pH of 1.0 per cent, sodium acetate solution = 7.2
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Electrolyte.

SOPIUM ACETATE.

SALINE. Aqueous solution of Sodium Acetate, various c one entrati ons.
SERA. Normal andQsyphilitic sera, heated for half-an 

hour at 56 C., five hours before use.
ANTIGEN. BE. Readings made after 19 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrolserum c . c • 6 .6 B 0.1 0.05 0.1 nil

sodium acetate.

0.3 per cent. - - 1 + -
0.4 per cent. - ■ - - ++ -
0.6 per cent. - - ♦ ++ -

0.8 per cent. - - ++ +++ -

1.0 per cent. - - + ++ -  -

Control. i
)

0.75 per cent N&C1 - - ++ ++ -

pH of 1.0 per ettnt. sodium acetate solution = 7.2.
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Electrolyte,

SODIUM ARSENATES,

SALINE. Aqueous solution of Sodium Arsenate, various concentrations.
SERA, Normal and syphilitic sera, heated for half-an- 

hour at 56°C., seven hours before use.
ANTIGEN. A4. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. O.05 6.1 0.05 0.1 nil

sodium arsenate
0.2 per cent. *• «p - -
0.4 per cent. - + -
0.6 per cent. ♦ ♦ + -
0.8 per cent. ♦ ++ -
1.0 per cent. ♦ +++ -

Control.
0.75 per cent.NaCl - + + + -

pH ;of 1*0 per cent, sodium arsenate solution

i1 
CVl . frit

1
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Electrolyte.

SODIUM ARSENATE

SALIM. Aqueous solution of Sodium Arsenate, various e ono entra tions.
SERA. Normal and syphilitic sera, heated for half-an* 

hour at 56°C., seven hours before use.
ANTI SEN. B2. Readings made after 20 hours at 37 °C.

serum c.c.
NOHMALserum. SYPHILITICserum. ANTIGENcontrol.0.05 0.1 0.05 0.1. nil

sodium arsenate.
0.2 per cent. - - m 4 -
0.4 per cent. - mm - 4 -

0.6 per cent. - - 4 44 -

0.8 per cent. - - 4 ♦ ♦ -

1.0 per cent. - - 4 44 -

Control
0.75 per cen$. NaCl- - 4 44 —

pH of 1.0 per cent, sodium arsenate solution =7.2
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Electrolyte,

SODIUM BENZOATE.

SALINE. Aqueous solution of Sodium Benzoate, various concentra tions,
SERA. Normal ahd Syphilitic sera, heated for one hour at 56?C, five hours before use.
ANTIgBN. A4. Readings made after 18 hours at 37°C,

NORMALserum. SYPHILITICserum ANTIGENcontrol.serum c.c. O.oS 0.1 0,05 0.1 nil

sodium benzoate.
0.2 per cent. - - -
0.4 per cent. - m - -
0.6 per cent. - ♦ -

00o per cent. - ♦ -

1.0 per cent. - + -

Control.
0.75 per cent.NaGl - ++ ++ mm

pH of 1.0 per cent sodium benzoate solution = 10
(approx)
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Electrolyte.

SODIUM BENZOATE.

SALINE♦ Aqueous solution of Sodium Benzoate various c oncen tra ti ons .
SERA. Normal and Syphilitic sera, heated for one hour at 56°C., five hours before use.
ANTIGEN. B2. Readings made after 18 hours at 37°C.

NORMALserum. SYPHILITICserum ANTIGENcontrolserum c.c. 0.05 0.1 0.05 0.1 nil

sodium benzoate
0.2 per cent. - - - - -
0.4 per cent. - - +

mm -
0.6 per cent. - - ' • + -
0.8 per cent. - - mm . + -
1.0 per cent. - - - t -

Control
0.75 per cent.NaCl - mm ♦ «f+ •

pH of 1.0 per cent sbdium benzoate = 10 (approx).
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Electrolyte.

SODIUM BORATE.

SALIHE. Aqueous solution of Sodium Borate, various concentrations.
SERA. normal and syphilitic sera, heated for half-an-hour at 56oc., twenty nine hours before use.
ARTIGER. B2. Readings made after 20 hours at 37°C.

nOHMALserum SYPHILITICserum ARTIGEHcontrolserum c.c. 6.65 6.1 0.05 0.1 nil

sodium borate.
0.2 per cent. - + ♦ -
0.4 £er cent. - - -
0.6 per cent. - -
0.8 per cent. - - -
1.0 per cent. -

Control
0.75 per oent.HaCl - +++

*. .

pH of 1.0 per cent sodium borate solution = 10.5 +
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Electrolyte.

SODIUM BORATE.

SADIHE. Aqueous solution of Sodium Borate, various 
concentrations.

SERA. Normal and syphilitic sera, heated for half-an hour at 56°C., twenty nine hours "before use*
ANTIGEN. A4. Readings made after 20 hours at 37°C.

NORMALserum* SYPHILITICserum. ANTIGENcontrol.serum c.c* 0.0b d.l 0.05 0.1 nil.

sodium borate*
0.2 per cent* - *#■ -
0.4 per cent* - - -
0.6 per cent. m ■ -
0.8 per cent. m -
1.0 per cent. - «* m' -

Control
0.75 per cent.NaOl - +++ ++++ -

pH of 1.0 per cent* sodium borate solution ® io.5 ♦
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Electrolyte.

SODIUM BBflMIBB.

SAHBE. Aqueous solution of Sodium Bromide, various concentrations.
SERA. Normal and syphilitic sera, heated for half- 

an-hour at 56°C., twenty two hours before use.
ANTIGEN. A4. Readings made after 20 hours at 37°C.

NORMALserum SYPHILITICserum ANTIGEN c ontrolserum c♦ c. o.uo 0.1 0.65 0.1 nil

sodium bromide
0.2 per cent. - «■» m m -
0.4 per cent. - - +++ -
0.6 per cent. ~ mm ++♦ +++ mm

0.8 per cent. - - +++ +++ -

1.0 per cent. - - +++ +++ -

Control
0.75 per cent.NaCl

- *♦-+ +++ -

pH of 1.0 per cent, sodium bromide solution -6.0
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Electrolyte.

SODIUM BROMIDE.

SALINE. Aqueous solution of Sodium Bromide, various 
concentra tions.

SERA. Normal and syphilitic sera, heated for half- -an-hour at 56 C., twenty two hours before 
use.

ANTIGEN. B2. Readings made after 20 hours at 37°C.

NORMALserum SYPHILITICserum ANTIGEN
controlserum c.c. b.66 0.1 0.05 0.1 nil.

sodium bromide
0.2 per cent. - - + -
0.4 per cent. ♦ +++ -
0.6 jier cent. +♦ +++ -
0.8 per cent. ++ ++ -
I#j0 per cent. ++ ++ -

Control
0.75 per cent.NaCl- ♦ -

pS of 1.0 per cent, sodium bromide solution “ 6.0
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Electrolyte.

SODIUM CHLORATE.

SALINE. Aqueous solution of Sodium Chlorate, various concentrations.
SERA. Hormal and syphilitic sera, heated for one hour at 56 C., eight hours before use.
ANTI GEN. A4. Readings made after 18 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum control.serum c.e. 0.05 o.l 0.05 (5,1 niT”.

sodium chlorate.
0.2 per cent. - - + -
0.4 per cent. - + ++ «l»
0.6 per cent. - + ++ . -
0.8 per cent. - +++ +++ -
1.0 per cent. - +++ +++ -

Control
0.75 per cent.HaCl. ++ ++ -

pH of 1.0 per cent, sodium chlorate solution = 5.8
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Electrolyte.

SODIUM CHLORATE.
SALIKE» Aqueous solution of Sodium Chloratef 

various concentrations.
SERA. normal and syphilitic sera, heated for one hour at 56°C., eight hours before use.
AUTIGEH.B2. Readings made after 18 hours at 37°C.

JJOHMAL SYPHILITIC ANTIGEHserum serum control.serum c.c. 0,65 0.1 0.05 0.1 nil

sodium chlorate. 
0.2 per cent. - - -

0,4 per cent, - mm + +♦ -
0.6 per cent. - - + *+ - -
0.8 per cent. - m ♦ +«► -
1.0 per cent. - - ++ -

Control.
0.75 per eent Had

mm - +

pH of 1.0 per cent, sodium chlorate solution =5.8
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Electrolyte.

SODIUM CHLORIDE

SALIHE. Aqueous solution of Sodium Chloride, 
various concentrations.

SERA. normal and syphilitic sera, heated for
half-an-*hour at 55°C., immediately before use.

AHTIGrBH. B2. Readings made after 18 hours at 37°C.

serum c.c.
nORMALserum SYPHILITICserum AHTIGEHcontrol.0.05 6.1 0,05 0.1 nil

sodium chloride
0.85 per cent. + + + • + + + -
1.5 per cent. + + + + + + + + ttt r

2.5 per cent. + + + + + + tt+ * + + +

3.5 per cent. + + + + + + ++ + + + + +

4.5 per cent. + + + + ff++ + + + + + + + + ++  +

5.5 per cent. + ++ + + + ft+ ++

pH of 0,85 per cent, sodium chloride solution =5.8
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Electrolyte.

SODIUM CHLORIDE.

SALIHE. Aqueous solution of Sodium Chloride, various concentrations.
SERA. Hormal and syphilitic sera, heated for half 

-an-hour at 56°C., five hours before use.
AHTIGrEH. A 4. Readings made after 18 hours at 37°C.

HOEMAL SYPHILITIC AUTIGEHserum. serum. control,
serum c.c. 0.05 0.1 6.05 0.1 nil.

sodium chloride 
nil (Tap water) - ♦r ++ -

0.85 per cent. - - ++++ + + + +
1.5 per cent. ++ ++ + + + + ++++ -
2.5 per cent. ++ ++ +++ +++ + +
3.5 per cent. ++ ++ + +++ ++
4.5 per cent. ++ ++ ++ + + +
5.5 per cent. ++ ++ + + + + + + + +

pH o>f 0.85 per cent, sodium chloride solution = 5.8



Appendix 24.

Electrolyte.

SODIUM CHLORIDE.

SALINE.

SERA.

ANTIGEN.

NORMAL SYPHILITIC ANTIGENserum. serum. control,serum c.c. O'.Ob oTi o.o5 0.1 nil

sodium chloride
nil (Tap water) - - - ++ -

0.1 per cent. m - ♦+++ ++++ -
0.25 per cent. - - +++ ++++ -
0*5 per cent* r - ++++ + + ++ -

0.(75 per cent. - - ++++ ++++ -
1.0 per cent. + +++ +++ -

1.25 per cent. +++ +++i +++ +

Aqueous solution of sodium chloride, various concentrations.
Normal and syphilitic sera, heated for half-an-hour at 57 C., five hours before use.
A 4. Readings made after 18 hours at 37°C.

d
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Electrolyte.

SODIUM CHLORIDE.

SALTHE. Aqueous solution of Sodium Chloride, various o one en tr a ti ons.
SERA. normal and syphilitic sera, heated for half- -an-hour at 57°C., two hours before use.
ANTIGEN.B 2. Readings made after 19 hours at 37°C.

serum c.c.
NORMAL . serum.

oToB oTT

SYPHILITIC ANTIGEJ serum. control 0755--- (571 " i n ’.

sodium chloride, 
nil (Tap water)

0.1 per cent. 
0.25 per eent. 
0.5 per cent. 
0,75 per cent.
1.0 per eent. 
1.25 per cent.

+++
+++
+++
+++♦
+++

+
+++
+++

++++

tt+
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Electrolyte.

SODIUM CHLORIDE.
SALUTE. Agueous solution of Sodium Chloride, various e one entra ti ons.
SERA. Hormal and syphilitic sera, heated for half--an-hour at 56°C., twenty six hours before use.
ANTIGEN*A 4. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum* ANTIGENcontrol.serum c.c. 0.05 0.1 0.05 0*1 nil*

sodium chloride 
0*026 per cent*
0*05 per cent* - ** - - -
0.07 per cent. - - - -
0.1 per cent. - - - + -

0.2 per cent. - - +++ ++++ -
0.75 per cent* - +t++ -

pH of §.2 per cent, sodium ehloride solution ~ 6.0
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Electrolyte.

SODIUM CHLORIDE.

SALINE. Aqueous solution of Sodium Chloride, 
various c one entrati ons•

SERA. Normal and syphilitic sera, heated forhalf-an-hour at 56°C., five hours before use.
ANTIGEN. A4, Readings made after 19 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control,
serum c.c. 0.05 0.1 0.0b 0.1 nil

sodium chloride
0.1 per cent - * - + -

0.12 per cent. - - - + -

0.14 per cent. - - + +44 Off

0.16 per cent. - - ■ + +++ -

0.18 per cent. - - ++ +++ -
0.2 per cent. - - 4+ +++ -

0.75 per cent. - • ++4 4+44 -
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Electrolyte.

SODIUM CHROMA 355
SALINE. Aqueous solution of Sodium Chromate,! 

various concentrations.
SERA. Normal and syphilitic sera, heated for

half-an-hour at 56°C., thirty three hours before use.
ANTIGSIf. A4. Readings made after 18 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum control,serum c.c. 0.6b 6.1 0.05 6.1 nil

sodium chromate.
0.2per cent. - - - ♦+
0.4 per cent. ++
0.6 per cent. +
0.8 per cent. +

1.0 per cent. - - - +

Control.
0.75 per cent.MaCl- * ft +++

pS of 1.0 per cent, sodium chromate solution = 9.5
(approx)
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Electrolyte.

SODIUM CHROMATB.

SALINE. Aqueous solution of Sodium Chromate, various concentrations.
SERA. Normal and syphilitic sera, heated for half-am-hour at 56°C., thirty three hours before use.
ANTIGEBN. B2. Readings made after 18 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGfENcontrol.serum c.c. 0.05 0.1 6.05 6.1 nil.

sodium chromate
0.2 per cent, -
0.4 per cent. mm mm - + -
0.6 per cent. - + -
0.8 per cent. - + -

1.0 per cent. «  mm ♦ -

Control
0.75 per cent.NaCl - ++ ++ -

pH of 1.0 per cent, sodium chromate solution = 9.5
(approx).
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Electrolyte.

SODIUM M M .

SALINE. Aqueous solution of Sodium Cinnamate, various concentrations.
SERA. Normal and syphilitic sera, heated for half-an-hour at 56®C., twenty four hours before use.
ANTI GEN. A4. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c• c. 0.05 0.1 0.05 0.1 nil

sodium cinnamate. 
0.2 per cent. ++++
0.4 per cent. - - ++++ -
0.6 per cent. - - ++++ ++++ -
0.8 per cent. - - ++++ ++++ -
1.0 per cent. - - +++ ++++ -

Control 
0.75 per cent.NaOl- - ++++ ++++ -

pH of 1,0 per cent .sodium cinnamate solution =7.2
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SODIUM CINNAMATE.

Electrolyte.

SALINE. Aqueous solution of Sodium Cinnamate, various c one entra tions.
SERA. Normal and syphilitic sera, heated for half-

an-hour at 56°C., twenty four hours before use.
ANTIGEN.B2. Readings made after 20 hours at 37 °C.

serum c.c.
NORMAL serum. 

0705---- T5TT

SYPHILITIC serum. 
0.05" (57T

ANTIGENcontrol,m —

sodium cinnamate 
0.2 per cent. - 
0.4 per cent. - 
0.6 per cent. - 
0.8 per cent. - 
1.0 per cent. -

Control 
0.7$ per eent.NaCl-

+++
♦+++
+++
++++

+++

+++

ttt+

++♦+

+++

■ e -

pH of 1.0 per cent,sodium cinnamate solution = 7.2
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Electrolyte.

sodium cram,

SALINE. Aqueous solution of Sodium Citrate, various concentrations.
SERA. Normal and syphilitic sera, heated for half-an- hour, at 56°C., nine hours before use.
AHTIGER. A4. Readings made after 18 hours at 37°C,

NORMAL SYPHILITIC ANTIGENserum. serum, control,serum c.c. oTo5 071 <57o5 5F7I nTI

sodium citrate.
0,2 per cent.
0.4 per cent,
0,6 per cent,
0.8 per cent.
1.0 per cent.

Control.
0.75 per cent.NaCl- - ++ ♦+*

pH of 1.0 per cent, sodium citrate solution =7.3
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Electrolyte.

SODIUM CITRATE.

S A LI HE. Aqueous solution of Sodium Citrate, various c one entrati ons.
SERA. Normal and syphilitic sera, heated for half- 

an-hour at 56°C., nine hours before use.
ANTIGEN. B2. Readings made after 18 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGEN
control

serum c.c. 0.05 O.i 0.05 0.1 nil.

sodium citrate. 
0.2 per cent.
0.4 per cent. - + -
0.6 per cent. - - - + -
0.8 per cent, ♦ ♦ -
1.0 per cent. + -

Control
0.75 per cent.NaCl- - ++ +++

pH of 1.0 per cent.sodium citrate solution =7.3
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Electrolyte.

SODIUM ortho-CRESOTI NATE.

SALINE. Aqueous solution of Sodium ortho-Cresotinate, 
various concentrations.

SERA. Normal and syphilitic sera, heated for half-an-hour at 56 C., twenty three hours before use.
ANTIGEN. A4. Readings made after 20 hours at 37°C.

NORMALserum SYPHILITICserum. ANTIGENcontrol.serum c.c. 6.06 6,1 0.05 0.1 nil

sodium ortho- 
cresotinate.
0.2 per cent. - - - + -
0*4 per cent. - - ++ +++ -
0.6 per cent. - - ++++ ++++ -
0.8 per cent. - - +++♦ ++++ -
1.0 per cent. - - ++++ ++++ -

Control.
0.75 per cent.NaCl - - ++ +++ -

pH of 1.0 per cent, sodium ortho-cresfcfcinate solution
= 5.1
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Electrolyte.

SODIUM Ortho-CHESOTINATE.

SALINE. Aqueous solution of Sodium ortho-Cresotinate,various concentrations.
SERA. Normal and syphilitic sera, heated for ha If-an

hour at 56°C., twenty three hours before use.
ANTIGEN. B2. Readings made after 20 hours at 37°C.

NORMAL
serum SYPHILITICserum. ANTIGfElcontro:serum c.c. O.Ofc 0.1 0.05 0.1 nil

sodium orthd^ cresotinate.
0.2 per cent. - - ++ -
0.4 per cent. - ++ +++ -
0.6 per cent. - +++ +++ -
0.8 per cent. - ++ ++ -
1.0 per cent - +* ++ -

Control.
0.75 per cent.BaCl - ++ ++ «»

pH of 1.0 per cent.sodium ortho-cresotinate solution — 5.1
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Electrolyte.

SODIUM para-CEESOTIHATB.

SALINE. Aqueous solution of Sodium para-Crssotinatef various concentrations.
SERA. Normal and syphilitic sera, heated for half- an-hour at 56°C., twenty two hours before use.
ANTIGEN. A4. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0.05 0.1 0.05 0,1 nil

sodium para-cresotinate.
0.2 per cent. + - - - -
0.4 per cent. - - - ♦ -
0.6 per cent. - - - +++ -
0.8 per cent. - - ++++ +++ + -
1.0 per cent. - - +++ ++ + -

Control.
0.75 per cent.NaCl m - ++ + + + -

pH of 1.0 per cent.sodium para-eresotinate solution = 6.(



Appendix 37.

Electrolyte.

S0DITJM para-CEE SOTINATE.

SAIINE. Aqueous solution of Sodium para-Cresotinate,various concentrations.
SEHA. Normal and syphilitic sera, heated for half-an-hour at 56°C.f twenty two hours before use.
ANTIGEN. B2. Readings made after twenty hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.serum c.c. 0.05 0.1 0.6B ""O.l nil

sodium para- eresotinate.
0.2 per cent. - - - — —
0.4 per cent. «» - - ± -
0.6 per cent. - - +++ +++ -
0.8 per cent. - - +++ +++ -
1.0 per cent. - - +♦ ++♦ -

Control.
0.75 per cent. NaCl - + ++ —

pH of 1.0 per cent, sodium para-cresotinate solution = 6.0
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Electrolyte.

SODIUM •CYANIDE.

SALIMS. Aqueous solution of Sodium Cyanide, various c one entra ti ons.
SERA. Mormal and syphilitic sera, heated for half- 

an-hour at 565C., twenty six hours before use.
AHTIGEH. A 4. Readings made after 20 hours at 37°C.

HOEMALserum. SYPHILITICserum. ANTIGEHcontrol.serum c.c. 0.05 0.1 0.68 6.1 nil.

sodium cyanide.
0.2 per cent. - - - -
0.4 per cent. - m  mm -
0.6 per cent. - - «• mm -
0.8 per cent. - - mm mm -
1.0 per cent. - mm - -

Control.
0.75 per eent.HaGl.- • ++ ■ +++ -

pH $f 1*0 Per cent.sodium cyanide solution = 10.5 +
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Electrolyte.

SODIUM CYAMIPE.

SALIKE. Aqueous solution of Sodium Cyanide, various concentrations.
SERA. Kormal and synhilitic sera, heated for half- 

an-hour at 56°C., twenty six hours before use.
AKTIGEK. B 2. Readings made after 20 hours at 37°C.

KORMAL SYPHILITIC AKTIGrEIserum. serum. contro]serum c.c. 0.05 0.1 15705 07T nil.

sodium cyanide.
0.2 per cent. - - - -
0.4 per cent. - - -
0.6 per cent. - - - -
0.8 per cent. - - - -
1.0 per cent. - - - -

Control.
0.75 per cent.UaCl.- - + ++ -

pH of 1.0 per cent.sodium cyanide solution = 10.5 +



Appendix 40. 

Electrolyte,

SODIUM FBRROCYAHIPE.

SALIHE♦ Aqueous solution of Sodium Ferrocyanide, various concentrations,
SERA, normal and syphilitic sera, heated for half -an-hour at 56°C,, six hours "before use,
MTIGEn, A 4. Readings made after 20 hours at 37°C.

HORMALserum. SYPHILITICserum. AHTIGEHcontrol.serum1 c.c. 0.05 O.i 0.05 0.1 nil.

sodium ferrocyanide.
0,2 per cent. - - ++ -
0.4 per cent. - + +++ -
0,6 per cent. - + +++ -
0.8 per cent. - +++ +++ -
1.0 per cent. - +++ +++ -

Control.
0.75 per cent.HaCl- ++++ ++++ -

pH of 1,0 per cent,sodium ferrocyanide solution = 7,1



Appendix 41

Electrolyte.

SODIUM FE.BRQCYANIIE.

SALINE. Aqueous solution of Sodium Ferrooyanide, various concentrations.
SERA. Normal and syphilitic sera, heated for half- an-hour at 56°C., six hours before use.
ANTIGEN. B2. Readings made after 20 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.serum c.c* 0.05 0.1 O.OS 0.1 nil

aodlmn ferrocyanide.
0.2 per cent. - - • ++ -
0.4 per cent. - - + +++ -
0.6 per cent. - - + ++++ -
0.8 per cent. - *• + ++++ -
1.0 per cent. - - ++ ++++ -

Control
0.75 per eent.NaCl- - +++ +++ —

pH of 1.0 per cent.sodium ferrocyanide solution = 7.



Appendix 42.

Electrolyte.

SODIUM FORMATE.

SALINE. Aqueous solution of Sodium Formate, various 
concentrations.

SERA. Normal and syphilitic sera, heated for half- an-hour at 57°C., six hours before use.
ANTIGEN. A 4. Readings made after 18 hours at 37°C.

NORMAL
serum. SYPHILITICserum. ANTIGEN

control,serum c.c. 0.05 0.1 0.05 0.1 nil.

sodium formate.
0.2 per cent. - ++ ++++ -
0.4 per cent. +* «• +++♦ ftt+ -
0.6 per cent. - ++++ ++++ -
0.8 per cent. - +++ ++++ -
1.0 per cent. «■> +♦+ ++++ -

Control.
0.76 per cent. HaCl. - ++++ ++++ -

pH of 1.0 per cent.sodium formate solution = 6 . 8



Appendix 43.

Electrolyte.

SODIUM FORMATE.

SALINE. Aqueous solution of Sodium Formate, 
various concentrations,

SERA. Normal and syphilitic sera, heated for
half-an-hour at 57oc., six hours before use.

ANTIGEN. B 2. Readings made after 18 hours at 37 °0.

NORMAL SYPHILITIC ANTIGENserum. serom. control.serum c.c. 0.05 0.1 6.05 0.1 nil.

sodium formate.
0.2 per cent. - + ++ -
0.4 per cent. - + + + +++ -
0.6 per cent. - ++ + +++ -
0.8 per cent. - + + + +++ -
1.0 per cent. - + + ++ -

Control.
0.75 per eentiNaCl- • + ++ -

pH of 1.0 per cent.sodium formate solution = 6 . 8



Appendix 44.

Electrolyte.

SODIUM HYPOPHOSPHITE.

SALINE. Aqueous solution of Sodium Hypophosphite, 
various concentrations.

SERA. Normal and syphilitic sera, heated for half an-hour at 540C., six hours before use.
ANTIGEN. A 4. Re a dings jjiade after 20 hours at 3Y°C.

NORMALserum. SYPHILITIC
serum. ANTIGENcontrol.serum c.c. 0,06 0.1 6.0'6 0.1- nil.

sodium hypophosphite.
0.2 per cent. - - + + -
0.4 per cent. - - ++ ++ -
0.6 per cent. - ++ ++ r
0.8 per cent. - - +»++ 

■ -
1.0 per cent. - - ++ +«■» -

Control.
0.75 per eent.NaCl.- •» + -

pH ®>f 1.0 per cent.sodium hypophosphite solution = 7.2



Appendix 45.

Electrolyte.

SODIUM HYPOPHOSPHITE.

SALINE, Aqueous solution of Sodium Hypophosphite, various concentrations.
SERA. Normal and syphilitic sera, heated for

half-an-hour at 54°C,, six hours before use.
ANTIGEN. B 2. Readings made after 20 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.serum c.c. 0.05 0.1 0.6B o.i nil.

sodium hypophosphite
0.2 per cent. - + + —
0.4 per cent. ♦ -
0.6 per cent. - + + -
0.8 per cent. - + - -
1.0 per cent. - + - -

Control.
0.75 per eent.NaCl- - •• -

pH of 1.0 per cent.sodium hypophosphite solution = 7.2.



Appendix 46.

Electrolyte.

SODIUM HYPOPHOS PHI IE.

SALIHE. Aqueous solution of Sodium Hypophosphite, various concentrations.
SERA. Hormal and syphilitic sera, heated for half- 

an-hour at 54.5 °C., twenty four hours 
before use.

AHTIGEH. A 4. Readings made after 20 hours at 37°C.

H0HMA1serum. SYPHILITICserum. AHTIGEHcontrol.serum c.c* 0.05 o.i 0.05 0.1 nil.

sodium hypophosphite.
0.2 per cent. - - ++ ++++ -
0.4 per cent. - • - ++++ ++++ -
0.6 per cent. - - ++++ ++++ -
0.8 per cent. - - +++ +♦++ -
1.0 per cent. - - +++ ++++ -

Control.
0.75 per cent•HaCl. - ++♦+ ++++ -

pH of 1.0 per cent.sodium hypophosphite solution = 6 . 8



Appendix 47.

Ele ctrolyte.

SODIUM HYPOPHOSPHI HE.

SALINE. Aqueous solution of Sodium Hypophosphite, various concentrations.
SERA. Normal and syphilitic sera, heated for half-an-hour at 54.5 °C., twenty four hours before use.
ANTIGEN. B 2. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. AHTIGEH
control.serum c.c o.ob o.i 0.05 0.1 nil.

sodium hypophosphite.
0.2 per cent. - ++ +++ -
0.4 per cent. +++ +++ -
0.6 per cent. - +++ +++
0.8 per cent. - ++ +++ -
1.0 per cent. r ++ +++ -

Control.
0.75 per cent.:NaCl.- ++ ++ —

pH of 1.0 per cent.sodium hypophosphite solution = 6 . 8



Appendix 48.

Electrolyte.

SODIUM HYP0STJLP5ITE.

SALIHS. Aqueous solution of Sodium Hyposulphite, various concentrations.
SERA. Hormal and syphilitic sera, heated for half-an-hour at 56°C., twenty four hours before use.
AHTIGEH. A 4. Readings made after 20 hours at 37°C.

UORMALserum. SYPHILITICserum. AHTIGEHcontrol.serum c.c. 0.05 0.1 0.05 0.1 nil.

sodium hyposulphite.
0.2 per cent. - - ++ -
0.4 per cent. - ++ +++ -
0.6 per cent. - ++++ ++++ -•
0.8 per cent. - ++++ ++++ -
1.0 per eent. +♦♦+ ++++ -

Control.
0.75 per eent.NaCl- - +++ +++ -

pH of 1.0 per cent, sodium hyposulphite solution = 5.8



Appendix 49,

Electrolyte,

SODIUM HYPOSULPHITE,

SALIM, Aqueous solution of Sodium Hyposulphite, various concentrations.
SERA.. Hormal and syphilitic sera, heated for half-

an-hour at 56°C., twenty four hours before use.
AUHGEU. B 2. Readings made after 20 hours at 37°C.

HOEMALserum. SYPHILITICserum. ANTIGrEJT
control.serum c.c. 0.05 0.1 0.05 0.1 nil.

sodium hyposulphite.
0.2 per cent. - - ++ -
0,4 per cent. - ++ ++ -
0.6 per cent. - ++ +++ -
0,8 per cent. - +++ +++ -
1.0 per cent. - +++ +++

Control.
0,75 per cent.HaCl- + + -

pH of 1.0 per cent .sodium hyposulphite solution — 6 . 8



Appendix 50.

Electrolyte.

SODIUM IODATB.

SALIKE» Aqueous solution of Sodium Iodate, various concentra tions.
SERA. Kormal and syphilitic sera, heated for half-

an-hour at 56°C., twenty nine hours before use.
ANTIGEN. A 4. Headings made after 20 hours at 37 °C.

NORMALserum. SYPHILITICserum. ABTIGENcontrol.serum c.c. 0.06 0.1 0.05 0.1 nil.

sodium iodate•
0.2 per cent. - - + +++ -
0.4 per cent. - - +++ ++++ -
0.6 per cent. - - ++++ ++++ -
0.8 per cent. - - ++++ ++++ -
1.0 per cent. - - +++♦ +♦++ -

Control*
0.75 per cent.NaCl- +++ ++++ -

pH pf 1.0 per cent.sodium iodate solution = 9.5 (approx)



Appendix 51.

Electrolyte.

SODIUM IODATE.

SALINE. Aqueous solution of Sodium Iodate, various e oncentra tions.
SERA. Rormal and syphilitic sera, heated for half-

an-hour at 56®C., twenty nine hours before use.
ANTI SEN. B 2. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTI SEN control.serum c.c. 6.6b 6.1 0,65 0.1 nTTT"

sodium iodate.
0.2 per cent. - - + +++ -
0.4 per cent. - - ++ ++++ -
0.6 per cent. - - ++++ ++++ -
0.8 per cent. - - ++++ ++++ -
1,0 per cent. - - ++++ ++++

Control.
0.75 per cent.

NaGl. - ++♦ +++

pH of 1.0 per cent.sodium iodate solution =9.5 (approx



Appendix 52.

Electrolyte.

SODIOM IODATE.
SALINE. Aqueous solution of Sodium Iodate, various concentrations.
SERA. Normal and synhilitic sera, heated for half- an-hour at SS^C., immediately before use.
ANTIGEN. A4. Readings made after 24 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTI GEE 
control.serum c.c. O.OS 0.1 0.05 0.1 nil.

sodium iodate.
0.2 per cent. + + ++ +++ -
0.4 per cent. + ++ +++ -
0.8 per cent. - + ++++ -
1.0 per cent. - + ++++ -

Control.
0.85 per cent.NaClo  ̂ m t++ ++++ —

pH of 1.0 per cent.sodium iodate solution ® 10 (approx).



Appendix 53.

Electrolyte,

SODIUM IODIDE.

SALUTE. Aqueous solution of Sodium Iodide, various concentrations.
SERA. Hormal and syphilitic sera, heated for half- 

an-hour at 56°C., twenty two hours before use.
ANTIGEN. A 4. Readings made after 20 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.serum c.c, 0.05 • 0.1 0.05 0.1 nil.

sodium iodide.
0.2 per cent. - - - -
0.4 per cent. - - ++ -
0.6 per cent. - +*► +++ -
0.8 per cent. •» +++ . +++ -
1.0 per cent. - +++ +++ -

Control.
0.75 per cent.NaClr - ++ ++♦ -

pH of 1,0 per cent, sodium iodide solution =5.6



Appendix 54*

Electrolyte.

SOPIUM IODIDE.

SALINE. Aqueous solution of Sodium Iodide, various concentrations•
SERA. Rormal and syphilitic sera, heated for half- 

an-hour at 56 C., twenty two hours before use.
ANTIGEN. B 2. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGEN c ontrolserum c.c. 0.05 0.1 0.05 0.1 nil.

sodium iodide.
0.2 per cent. nm - - 0*
0.4 per cent. - - • + -
0.6 per cent. - - ++ ++ -
0.8 per cent. - - ++ ++ «»
1.0 per cent. - - ++ ++ •

Control.
0.75 per cent.HaGl- - + ++ -

pH of 1.0 per cent, sodium iodide solution — 5.6



Appendix 55.

Electrolyte.

SODIUM HOLYBDATE.

SALIMS. Aqueous solution of Sodium MQlybdate, various concentrations.
SERA. Mormal and syphilitic sera,heated for

half-an-hour at 56°C., twenty six hours before use.
AMTIGEM. A 4. Readings made after 20 hours at 37°C.

HORMAL
serum. SYPHILITICserum. AHTIGEHcontrol.serum ci.e. 0«65 0.1 0.65 6.1 nil.

sodium molybdate. 
0.2 per cent. mm mm

0.4 per cent. - mm mm -
0.6 per cent. mm -  + -
0.8 per cent. - • + mm

1.0 per cent. - + -

Control.
0.75 per cent.HaCl- ++ ft+

pH of 1.0 per cent, sodium molyfcdate solution =10.5 +



M Appendix 56.

Ble ctrolyte.

SODIUM MOLYBDATE.

SALINE. Aqueous solution of Sodium Molybdate, various concentrations.
SEBA. normal ana synhilitic sera, heated for half- 

an-hour at 56°C.f twenty six hours before use.
ANTIO-EH. B 2. Readings made after 20 hours at 37°C.

serum c.o.
NORMALserum. SYPHILITICserum. ANTIGENcontrol.O'.'OF O’. I 0.05 0.1 nil

sodium molybdate.
0.2 per cent. - - - -
0.4 per cent. - + -
0.6 per cent. - ♦ + -
0.8 per cent. - + ♦ -
1.0 per cent. - - ♦ •

Control.
0.75 per cent. SfaCl - ♦ ++

pH of 1.0 per cent, sodium molybdate solution - 10*5 +



Appendix 57,

Electrolyte.

SODIUM NITRATE.

SALIHS. Aqueous solution of Sodium Nitrate, various concentrations.
SERA. Normal and syphilitic sera, heated for half- an-hour at 57°C., four hours before use.
ANTIGEN. A 4. Readings made after 22 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. o.o5 O.i 0.05 0.1 nil.

sodium nitrate.
0.2 per cent. + ♦ - + -
0.4 per cent. ++ +++ -
0.6 per cent. ++ ++++ -
0.8 per cent. ++ ++++ -
1.0 per cent. ++ ++++ -

Control.
0.75 per cent.NaCl- +++ ++++ -

pH of 1.0 per Sent, sodium zlitrate solution « 6.2



Appendix 58.

Electrolyte.

SODIUM NITRATE.

SALINE. Aqueous solution of Sodium Nitrate, 
various concentrations.

SERA. Normal and syphilitic sera, heated for half- 
an-hour at 57°C., four hours before use.

ANTIGEN. B 2. Readings made after 22 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.
serum c.c. 0.05 0.1 0.65 0.1 nil.

sodium nitrate.
0.2 per cent. + 
0.4 per cent.
0.6 per cent,
0.8 per cent.
1.0 per cent.

Control.
0,75 per cent.N&Cl.~

♦ ++
++ +++
+ +  *f •fr't

+♦ ++

++ ++++

pH of 1.0 per cent, sodium nitrate solution =6.2



Appendix 59

Electrolyte.

SODIUM 5ITROPRUSSIDE.

SAUNE. Aqueous solution of Sodium Nitroprusside, various concentrations.
SERA. Normal and syphilitic sera, heated for half-

an-hour at 5o®C., twenty four hours before use.
ANTIGEN. A 4. Readings made after 20 hours at 37°C.

NOEMALserum. SYPHILITICserum. ANTIGENcontrolserum c.c. 6.65 6.1 0.65 6.1 nil

sodium nitroprusside.
0.2 per cent. ♦ -
0.4 per cent. + ++ -
0.6 per cent. ++ +++ mm

0.8 per cent. ♦ ++* -
1.0 per cent. +++ . +++♦ -

Control.
0.75 per eent.NaCl +++ +++ ••

pH of 1.0 per cent, sodium nitroprusside solution = 5.1



Appendix 60

Electrolyte.

SODIUM El TROPRUS SIDE.

SALIHE. Aqueous solution of Sodium Nitroprusside, vari ous c one e ntra ti ons.
SERA. Normal and syphilitic sera, heated for half-an-hour at 56°C.f twenty four hours before use.
ANTIGEN. B 2. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. o.o5 0.1 0.05 0.1 nil.

sodium nitroprusside. 
0.2 per cent. +
0.4 per cent. - + ++ -
0*6 per cent. - +♦ ++ -
0.8 per cent. mm mm ++ - ++ mm

1.0 per cent. - +++ +++ mm

Control.
0.75 per cent.NaCl + + mm

pH of 1.0 per cent, sodium nitroprusside solution =5.1



Appendix 61.

Blectrolvte.

SODIUM OXALATE.

SALIHS. Aqueous solution of Sodium Oxalate, various o one en tra ti ons.
SERA. Hormal and syphilitic sera, heated for half-

an-hour at 56°C., twenty five hours before use.
AHTIGEH. A4. Readings made after 20 hours at 37°C.

HOEMALserum. SYPHILITICserum. AHTIGEHcontrol.serum c.c. 0.05 0.1 0.05 0.1 nil

sodium oxalate
0.2 per cent. + + + +++ +
0.4 per cent. - ♦ +++ +++ +
0.6 per cent. - + +++ +++ t
0.8 per cent. + + ++ +++ +
1.0 per cent. + +++ ttt +

Control.
0.75 per cent.HaCl- - +++ +++ -

pH of 1.0 per cent, sodium oxalate solution =7.3

HOTE. Doubtful flocculation ( + ) occurs inwall sertuji control tubes containing sodium oxalate.



Appendix 62.

Ble ctroly te.

SflDIHM OXALATB.
SALIHS. Aqueous solution of Sodium Oxalate, various eonc entrat ions.
SERA. Hormal and syphilitic sera, heated for half-

an-hour at 56 C., twenty five hours before use.
ANTIGEN. B 2. Readings made after 20 hours at 37°0.

NORMAL
serum. SYPHILITICserum. AMIGENcontrol.serum c.c. 0.66 o.i 0.05 0.1 nil

sodium oxalate.
0.2 per cent. + + ++ ++ -
0.4 per cent. I + 1+ +++ +++ ♦m
0.6 per cent. + + +++ +++ *

0.8 per cent. + + +++ +++ ♦
1.0 per cent. + + +++ +++ ♦

Control.
0.75 per cent. NaCI - ++ ++ -

pH of 1.0 per cent, sodixuft oxalate solution =7.3
NOTE. Doubtful flocculation ( + ) occurs in all serum control tubes c ant aining"s odium oxalate.



Appendix 6$.

Electrolyte.

SODIUM PHOSPHATE (Monobasic)

SALIHS. Aqueous solution of Sodium Phosphate (Monobasic) various concentrations.
SERA. Hormal and syphilitic sera, heated for half- an-hour at 57°C., four hours before use.
AHPIGrEH. A 4. Readings made after 20 hours at 37°C.

H0HMA1 SYPHILIUC AHTIGEMserum. serum. controlserum c.c. 0.05 0.1 o.bfc b.i nil.

sodium phosphate (monobasic) 
*

0.2 per cent. ++++ * + ++++ ++
0.4 per cent. ++++ - ++++ ++ -
0.6 per cent. +++ - +++ ++ -
0.8 per cent. + - + • ++ -
1.0 per cent • - m -

Control.
0.75 per cent.HaCl- ■ - +++ +++ —

pH of 1.0 per cent.sodium phosphate (monobasic) solution
* 4.0 (appr

* ox,HOTE. Flocculation occurs in the serum control 
tubes of these tests.



Appendix 64.

Blec trolyte.

SODIUM PHOSPHATE (monobasie)

SALIBB. Aqueous solution of Sodium Phosphate (monohasic), various concentrations.
SERA. Hormal and syphilitic sera, heated for half- an-hour at §7°C., ten hours before use.
AMIGEB* B 2. Readings made after 18 hours at 37°C.

UORMALserum. SYPHILITICserum. AHTIGEHdontrol.serum c.c. 0.05 o.i 0.05 0.1 nil.

sodium phosphate
(monobasic) *0.2 per cent. ++++ + ++++ ++++ -

0.4 per cent. ++++ - ++++ ++++ -
0.6 per cent. + - ++++. + -
0.8 per cent. + - ++ + -
1.0 per cent. + - + + -

Control.
0.75 per cent.BaCl.- mm ++ +++ -

pH of 1.0 per cent.Sodium phosphate (monobasie)solution =4.0 (approx)
ROTE. Flocculation (++++) occurs in the serum control 

tubes of these tests.



Appendix 65.

Electrolyte#

SODIUM PHOSPHATE fdibasic)

SALINE. Aqueous solution of Sodium Phosphate (dibasic*), Various concentra tions.
SERA# Normal and syphilitic sera, heated for half- 

an~hour at 57°C., four hours before use.
ANTIGEN# A 4# Readings made after 20 hours at 57°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c# 0.05 6.1 6.0fe 0.1 nil.

sodium phosphate (dibasic)
0.2 per cent. - - -
0.4 per cent. - - -
0.6 per cent. - - -
0.8 per cent. «» ++ -
1.0 per cent. +f* ++ -

Control.
0.75 per cent.NaCl.- +++ ++r* -

pH of 1.0 per cent.sodium phosphate (dibasic)solution = 9.0 (apprex]f



Appendix 66 .

Electrolyte,

SODIUM PHOSPHATE (tribasie).

SALIflE. Aqueous solution of Sodium Phosphate 
(tribasie), various concentrations.

SERA, normal and syphilitic sera, heated for 
half-an-hour at 57°C., four hours before use.

AETIGEE. A 4, Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. AHTIGENcontrol.
serum c.c. 0.05 0.1 O.OS 0.1 nil.

sodium phosphate (tribasie)
0.2 per cent. - - -
0.4 per cent. - • m  mm -
0.6 per cent. - - -
0.8 per cent. - - -

1.0 per cent. - -

Control.
0.75 per cemt.NaGlr +++ +++

pH of 1.0 per cent.sodium phosphate (tribasie)solution = 10.5 +



Appendix 67.

Electrolyte.

SODIUM PHOSPHOTUNGS TATE.

SALINE♦ Aqueous solution of Sodium Phosphotungstate, various concentrations.
SERA. Normal and syphilitic sera, heated for half- 

an-hour at 56°C., twenty two hours before use.
ANTIGEN. A 4. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0.05 0.1 0.05 0,1 nil.

sodium
phosphotungstate •

*0.2 per cent. — + ** • + —
0.4 per cent. - - - m -
0.6 per cent. - - - - -
0.8 per cent. - - - -
1.0 per cent. - - - - -

Control.
0.75 per cent.NaCl. - - +++ —

pH of 1.0 per cent.sodium phosphotungstate solution =6.9
N03E. Doubtful flocculation ( + ) occurs in the serum 

control tubes of these tests.



Appendix 6®.

Electrolyte.

SODIUM PHOSPHOTUNGSTATE.

SALINE, Aqueous solution of Sodium Phosphotungstate, various concentrations.
SERA. Normal and syphilitic sera, heated for half- 

an-hour at 56°C., twenty two hours before use.
ANTIGEN. B 2. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrolserum c.c. 0.66 6.1 6.66 0.1 nil.

sodium
phosphotungstate •* -
0.2 per cent. -  + + -
0.4 per cent. - -
0.6 per cent. - - -

0.8 per cent. - - -
1,0 per cent. - - -

Control.
0.75 per cent.NaCl. - ++ ++ —

pH of 1.0 per cent.sodium phosphotungstate solution
= 6.9

*NOTE. Doubtful flocculation ( ± ) occurs in the serum control tubes of these tests.



Appendix 69.

Electrolyte *

SODIUM SALICYLATE.

SALINE* Aqueous solution of Sodium Salicylate, various concentrations.
SERA. Normal and syphilitic sera, heated for half- an-hour at 56°C,, twwnty three hours "before use.
ANTIGEN. A 4. Readings made after 20 hours at 37°C.

no m i SYPHILITIC ANTIGENserum. serum. control.serum c.c. 0.65 0.1 6.65 0.1 nil.

sodium salicylate.
0.2 per cent. - ++ ++++ —
0.4 per cent. - ++++ ++++ -

0.6 per cent. - +++ +++ -

0.8 per cent. ++++ ++++ -
1.0 per cent. - ++++ + +++ -

Control.
0*75 per cent.NaCl.- - ++++ ++++ -

pH of 1.0 per cent.sodium salioylate solution = 6.5



Appendix 70 .

Electrolyte.

SODIUM SALICYLATE.

SALIBE. Aqueous solution of Sodium Salicylate, vari&us concentrations.
SERA. normal and syphilitic sera, heated for

half-an-hour at 56°C., twenty three hours before use.
ANTIGrEK.B 2. Readings made after 20 hours at 37°C.

HORMALserum. SYPHILITICserum. AHTIGEHcontrol.serum c.c. 0.06 0.1 0,05 0.1 nil.

sodium salicylate. 
0.2 per cent. ++++ +++♦
0.4 per cent. - - ++++ ++++ -
0.6 per cent. - - +++ +++ -
0.8 per cent. - - ++++ ++++ -
1.0 per cent. - - ++++ ++++ -

Control.
0.75 per cent.Had - +++ +++ -

pH of 1.0 per cent.sodium salicylate solution = 6.5



Appendix 71.

Electrolyte.

SODIUM SULPHITE.

SALIBE. Aqueous solution of Sodium Sulphate, various concentrations•
SERA. Normal and syphilitic sera heated for half- 

an-hour at 57°C., five hours before use.
ANTIGEN .A 4. Readings made after 19 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 6.0S 6,1 0.05 0.1 nil.

sodium sulphate.
0.2 per cent. - - - ++ -
0.4 per cent. - - ++ +++ «•»
0.6 per cent. - . - ++++ + 4- + + -
0.8 per cent. - - ++++ + +++ -
1.0 per cent. - - ++++ + + + + -

Control.
0.75 per cent.NaCl. - . m ++++ ♦++ + -

pH of 1.0 per cent.sodium sulphate solution & 5 . 3



Appendix 72.,

Electrolyte.

SODIUM SULPHATE.

SALINE. Aqueous solution of Sodium Sulphate, various concentra tions.
SERA. normal and syphilitic sera, heated for half- an-hour at 57°C., nine hours before use.
ANTIGEN. B 2. Readings made after 18 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum C | c. 0.05 " 0.1 0.05 0.1 nil.

sodium sulphate.
0.2 per cent. - - - + -
0.4 per cent. - - +++ ttt -
0.6 per cent. - - +++ +++ -

0.8 per cent. - - +++ ++++ -
1.0 per cent. - - ++++ ++++ -

Control.
0.75 per cent.NaCl. - - ++ +++ -

pH of 1.0 per cent.sodium sulphate solution = 5.8



Appendix 73.

Electrolyte.

SODIUM SULPHITE.

SALINE. Aqueous solution of Sodium Sulphite, various concentrations.
SERA. Normal and syphilitic sera, heated for half-an-hour at 56°0., twenty four hours before use.
ANTIGEN. A 4. Readings made after 21 hours at 37°C.

NORMAL
serum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0.05 0.1 b.oe o.i nil.

sodium sulphite.
0.2 per cent. - - -
0*4 per cent. - m  m m

0.6 per cent. m m -
0.8 per cent. - -
1.0 per cent. - - - -

Control.
0.75 per cent.NaCl. - ++++ ++++ **

pH of 1.0 per cent.sodium sulphite solution = 9.5
(approxJ.



Appendix 74.

Electrolyte.

SODIUM SULPHIdE.

SALIHE. Aqueous solution of Sodium Sulphite, various concentrations.
SERA. Rormal and syphilitic sera, heated for half-

an-hour at 56°C., twenty four hours before use.
AJmSBfl. B 2. Readings made after 21 hours at 37°C.

JSTORMAIserum. SYPHILITICserum. ANTIGEHcontrol.serum c.c. 0,65 0,1 QT. 05 6.1 nil.

sodium sulphite.
0,2 per cent. - - -
0.4 per cent. - - -
0.6 per cent. - - -
0.8 per oent. - - m

1.0 per cent. - - -

Control,
0,75 per cent.SaCl. - +++ +++ •

pH of 1.0 per cent, sodium sulphite solution — 9.5
(approx).



Appendix 75.

Electrolyte.

sodium sdlphocyani je .

SALINE. Aqueous solution of Sodium Sulphocyanide, varioui concentrations.
SERA. Hormal and syphilitic sera, heated for half- an-hour at 54°C.f six hours before use.
AETIGEg. A 4. Readings made after 20 hours at 37°C.

serum c.e.
NORMALserum. SYPHILITIC ANTIGEN serum. control

0.65 6.1 0.05 0,1 nil.

sodium sulphocyanide.
0.2 per cent. - - - +
0.4 per cent. - - + +
0.6 per cent. - + +
0.8 per cent. - - + +
1.0 per cent. - + i+ i

Control.
0^75 per cent.SaCl. f* + — —

pH of 1.0 per cent.sodium sulphocyanide solution - 6 .C



Appendix 76.

Electrolyte.

S OPIUM SUIiPHOCYAHIKB.

SALIHE. Aqueous solution of Sodium Sulpjiocyanide, various concentrations.
SERA. normal and syphilitic sera, heated for half- 

an-hour at 54°C., six hours before use.
ANTIGEH. B 2. Readings made after 20 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.serum c.c* 0,65 571 0.05 6.1 nil.

sodium sulphocyanide.
0.2 per cent. - - + —
0.4 per cent. - + + -
0.6 per cent. - - + ♦ -
0.8 per cent. - + ♦
1.0 per cent. - ♦ -

Control.
i0.75 per cent.HaCl.- - — • —

pH of 1.0 per cent.sodium sulphocyanide solution = 6.0



Appendix 77.

Electrolyte.

SODIUM SULPHOCYANIDE.

SALINE. Aqueous solution of Sodium Sulphocyanide, various concentrations.
SERA. Normal and syphilitic sera, heated for half-

an-hour at 55°C., twenty five hours before use.
ANTI PEN. A 4. Readings made after 19 hours at 37°C.

NORMAL SYPHILITIC ANTISENserum. serum. control.serum c.c. O.oS 571 5755 571 nil.

sodium sulphocyanide.
0.2 per cent. - - ++
0.4 per cent. - ++++ ++++
0.6 per cent. ++++ ++++
0.8 per cent. - ♦+++ ++++ <-
1.0 per cent. - ++++ ++++

Control.
0.75 per cent.NaCl. - +++ +++

pH of 1,0 per cent.sodium sulphocyanide solution = 6.0



Appendix 78)

Electrolyte.

SODIUM SULPHOCYANIDE.

SALINES. Aqueous solution of Sodium Sulphocyanide, 
various concentrations.

SERA. formal and syphilitic sera, heated for half-
an-hour at 55°C., twenty five hours before use.

ANTIGEN. B 2. Readings made after 19 hours at 37°C.

NORMAL
serum. SYPHILITICserum. ANTIGEN

control.serum c» c. o.ob o.l 0.05 0.1 nil.

sodium sulphoeyanide. 
0.2 per cent. 4* ++++
0.4 per cent. + + ++ ++++ -

0.6 per cent. +++ +++ -

0.8 per cent. +++ +++ -
1.0 per cent. +++ +++ -

Control.
0*75 per eeat.NaCl. ~ ♦ -

pH of 1.0 per cent.sodium sulphocyanide solution =6.0



Appendix 79.

Electrolyte.
\

SODIUM TARTRATE.

SALT HE. Aqueous solution of Sodium tartrate, various concentrations.
SERA. Normal and syphilitic sera, heated for half- 

an-hour at 56®C., ten hours before use.
ANTIGEN. A 4. Readings made after 18 hours at 37°C.

NORMAL
serum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0.05 0.1 0,05 0.1 nil.

sodium tartrate.
0.2 per cent. - - - - -
0.4 per cent. - - + -
0.6 per cent. - - + ++ -
0.8 per cent. - - + ++ -
1.0 per cent. - - + ++ -

Control.
0.75 per cent.NaCl.- - ++ -

pH of 1.0 per cent.sodium tartrate solution * 6 . 8



Appendix 80 .

Electrolyte.

SODIUM TARTRAQB.

SALIKE. Aqueous solution of Sodium Tartrate, various concentrations.
SERA. Hoimal and syphilitic sera, heated for half- an-*hour at 56 C., ten hours before use.
AHTIGEB. B 2. Readings made after 18 hours at 37°C.

HOHMAL SYPHILITIC ABTIGEUserum. serum. controlserum c*c. O.OS 571 0.06 0.1 5IT7

sodium tartrate.
0.2 per cent. - - mm -
0.4 per cent. - + mm

0.6 per cent. - t ♦ -
0.8 per cent. - + . + -
1*0 per cent. mm + ++ -

Control.
0.75 per cent.2ffaCl. - - ♦ -

pH of 1.0 per cent.sodium tartrate solution = 6 . 8



Appendix 81.

Electrolyte.

SODIUM TAUROCHOLATB.

SALIM, Aqueous solution of Sodium Taurocholate, various concentrations.
SERA. normal and syphilitic sera, heated for half- 

an-̂ hour at 57°C., five hours before use.
ANTIGrEfl. A 4. Readings made after 19 hours at 37°C.

UORMALserum. SYPHILITICserum. AHTIGrEH c ontrolserum c,c. 0.05 0.1 0.05 0.1 nil.

sodium
taurocholate. 
0.2 per cent. ++++ ++++ ++++ +++
0.4 per cent. + ++++ ++++ ++♦+ -
0.6 per cent. ++++ ♦+++ ++++ ++++ -
0.8 per cent. ++++ ++++ ++++ ++++ -
1.0 per cent. + + + ++ -

Control.
0.75 per eent.HaCl.- - - ++++ ++++ -

pH of 1.0 per cent.sodium taurocholate solution = 7.2
Rote. Flocculation ( ♦ to ++++ ) occurs in all seruqi control tubes containing Sodium Taurocholate.



Appendix 82

Electrolyte.

MAGMESIUM SULPHATE.

SALIHS. Aqueous solution of Magnesium Sulphate, various Concentrations.
SERA. Rormal and syphilitic sera, heated for half-an-hour at 55 C., twenty five hours before use.
ANTIGEH. A 4. Readings made after 19 hours at 37°C.

HORMALserum. SYPHILITICserum. AHTIGEHcontrolserum c.c. 0.05 0.1 0.05 0.1 nil.

magnesium sulphate. 
0.2 per cent. ++ + + +
0.4 per cent? ++++ ++++ + + +
0.6 per cent? ++++ +++ ++++ +++ ++
0.8 per cent.* ++++ ++++ ++++ +++ ++
1.0 per cent? ++++ +++ ++++ +++ ++

Control.
0.75 per centJJaCl. - - +++ +++ -

pH of 1.0 per cent.magnesium sulphate solution = 6.2
* Rote, flocculation (♦) occurs in serum control tubes 

of these tests.



Appendix 83 .

Electrolyte.

MAGNESIUM SULPHA (EE.

SALINE. Aqueous solution of Magnesium Sulphate, various concentrations,
SERA, Normal and syphilitic sera, heated for half-

an-hour at 55&C., twenty five hours before use.
ANTIGEN. B 2. Readings made after 19 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENoontrolserum c,c, 0.05 0.1 0.05 0.1 nil.

magnesium sulphate. 
0.2 per cent. ++ + +
0.4 per cent.* ++ ++ + -
0.6 per cent.* ++++ ++++ ++ +«► ++
0.8 per cent.* ++++ ++++ +++ ttt ++
1.0 per cent.* ++++ +++ ++++ +++ +

Control.
0.75 per cent.NaCl. + + -

pH 1.0 per cent.magnesium sulphate solution = 6.2
* Note. Flocculation (♦ to ++) occurs in the serum control tubes of these tests.



Appendix 84.

Electrolyte.

MAGNESIUM SULPHATE.

SALIBE. Aqueous solution of Magnesium Sulphate, various concentrations.
SERA. normal and syphilitic sera, heated for half-

an-hour at 55°C., twenty four hours before use.
ANTIGEN. A 4. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0.05 0.1 0.05 0.1 nil.

magnesium sulphate.
0.05 per cent. - - + 4 -
0.075 per cent. - - + 4 -
0.1 per cent. - - - + -
0.15 per cent. - - - -
0.2 per cent. ++ ++ + 4 4

Control.
0.75 per eent.NaCl. - • 4444 444 *

pH of 0.2 per cent .magnesium sulphate solution » 5.6



Appendix 80.

Electrolyte.

MAGNESIUM SULPHATE.

SALINE. Aqueous solution of Magnesium Sulphate, various concentrations.
SERA. Norma], and syphilitic sera, heated for haIf-an- 

hour at 58°C., twenty four hours before use.
ANTIGEN. B 2. Readings made after 20 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.
serum c .c .  0.05 0 .1  O.OB 0 .1  n i l .

magnesium sulphate.
0,05 per cent. - 4 - -
0.075 per cent. m -
0.1 per cent. #• m -
0.15 per cent. m m

0.2 per cent. ++ 4 + - - 4
«»

Control.
0.75 per cent.NaCl.- - 44 4 *

pH of 0.2 per cent .magnesium sulphate solution s 5.6



Appendix 8 6 .

Electrolyte.

CALCIUM CHLORIDE.

SALINE. Aqueous solution of Calcium Chloride, various concentrations*
SERA. Normal and syphilitic sera, heated for

half-an-hour at 56.5 C., five hours before use.
ANTIGEN. A 4. Readings made after 24 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.<3 • 0.05 0.1 0.05 0.1 nil.

calOium chloride. 
0.2 per cent. ++ ++ •f ++
0.4 per cent. ++ ++ + m +++
0.6 per cent. +++ +++ - +++
0.8 per cent. +++ +++ ++ + +++
1.0 per cent. + + *f

4

+ + + +++ ++ +++

Control.
0.75 per cent.NaCl• ** m ++++ ++++ mm

pH of 1.0 per cent.calcium chloride solution = 6.4



Appendix 87.

Ele ctrolyte.

CALCIUM CHLORIDE and MAGNESIUM CHLORIDE.

SALINE. N/50* N/75, and N/100 solutions of Calcium or Magnesium Chloride.
N/lO Sodium Chloride is used as control.

SEBA, Normal and syphilitic sera, heated for half- an-hour at 55°C., immediately before use.
ANTIGEN. A 3. Readings made after 20 hours at 37°C.

NOEMAXiserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0,05 0.1 0.05 0.1 nil.

calcium chloride.
H/50 ++ ++ ++ + ++
N/75 + + *► +
N/100 i/ + + + + -

magnesium chloride.
N/50 ++++ +++ + ♦ ++
N/75 ++ ++ + + +
N/100 ♦ ++ + + -

Control.
N/IO HaCl. - - ++++ +++ —

Note. N/50, N/75 etc., are used with their customary----  chemical significance.



Appendix 8 8 .

Electrolyte.

BARIUM CHLORIDE and STRONTIUM CHLORIDE.

SALINE. N/50, N/75, and N/lOO solutions of Barium or Strontium Chloride.
N/lO Sodium Chloride is used as control.

SERA. Noimal and syphilitic sera, heated for half-an- hour at 55°C., immediately before use.
ANTIGEN. A 3. Readings made after 20 hours at 37°C.

NORMAL SYPHILITIC ANTIGEN
serum. serum. control

serum c.c. 0.05 b.I 0,05 0.1 nil.

barium chloride.
N/50 + + ♦ + ♦
N/75 > ++ + . + +
H/100 + ft + + * -

strontium chloride.
N/50 + ♦ + + ♦
N/75 ++ + + ♦ -
N/100 + + + + ++ +

Control.
N/lO.NaCl. - • • + + + + + + + *

Note. N/50, N/75 etc., are used with their customary
chemical significance.



Appendix 89 .

Eleotrolyte.

MONOVALENT KATIONS.

SALIHE. Decinormal (N/10) solution of Sodium, Potassium, or Ammonium Chloride,
SERA. Normal and syphilitic sera, heated for half- an-hour at 55°C., one hour before use,
ANTIGEN. A 4. Readings made after 20 hours at 37°C.
Technique. Appendix 9.

SYPHILITIC SERUM ANTIGENaertim dilution control.
1 in 10 20 40 80 nil.

H/10 SodiumChloride. ++++ ++++ ++ + mB

N/lO Potassium Chloride. ++++ ++++ ++ + -

N/lO Ammonium Chloride. ++++ ++++ ++ + -

pH of all three electrolyte solutions = 5.6 (approx).
Note. The normal serum was tested in the same range ofconcentrations as the syphilitic serum, and showed no flocculation in any of the tubes.



Appendix 90

FORMALIST.

SALIBE# 0,8 per cent, aqueous solution of Sodium 
Chloride irith, and without, the addition of Formalin,

SERA. normal and syuhilitic sera, heated for half- an-hour at 56°C., six hours before use.
ANTIGEN. A 4. Readings made after 19 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c,c. 0.05 0,1 0,05 0.1 nil.

Formalin.*
Nil, +++ ++++
1 in 1,000 - - ++ ++ -
1 in 2,000 - - +++ ++++ -
1 in 4,000 - - ++++ ++++ -
1 in 8,000 - - +++ ++++ -
1 in 16,000 - - ++++ ++++ -
1 in 32,000 - m ++++ ++++ -

* The figures indicate the concentration of formalinin the saline, not in the completed tests.



Appendix 91.

FORMALIN.

SALINE. 0.8 per cent, aqueous solution of Sodium 
Chloride with, and without, the addition of Formalin.

SERA. Normal and syphilitic sera, heated for half- 
an-hour at 57°C., five hours before use.

ANTIGEN. A 4. Readings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0.05 0.1 0.05 0.1 nil.

Formalin.*
Nil. mm ++++ ++++
1 in 50 «• - - - -
1 in 100 m 1 - - -
1 in 200 - -• •m - -
1 in 400 - - - mm -
1 in 800 - m + ♦ -
1 in 1,600 - • +++ +++

* The figures indicate the concentration of formalin
in the saline, not in the completed tests.



Appendix 92.

FORMALIN.

SALINE. 0*75 per cent, aqueous solution of Sodium 
Chloride, with, and without, the addition of Formalin.

SERA. Two normal (Nos. 10 and 11) and nine
syphilitic sera (Nos. 1 to 9) from individual cases, heated for half-an-hour at 55°C., seventeen hours before use.

ANTIGrEN. A 4. Readings made after 22 hours at 37 °C.

Serum 1. Serum 2. Serum 3.serum e.c. 6.0S 0.1 O F ” "6.1 0.05 0.1

Formalin.*
Nil. + ++ +++ +++ ++++ ++++

1 : 300 - - - - - -
1 t 400 - - - - - -

1 : 500 - - - » + -
1 : 600 - - +

4m
- i + -

1 : 700 + - + - + -

1 : 800 m - + + ++ -

1 : 1,000 + + ♦ + +++ +

* The figures indicate the concentration of formalin 
in the saline, not in the completed tests. (Continued)



Appendix 95.

FORMALIN.

Serum 4. Seram 5. Serum 6.serum c.c. 0.05 0.1 0.05 0.1 6.65 6.1

Formalin*
Nil ++++ 4444 4444 4444 4444 4444

1 : 300 - 44 - m -mm

1 : 400 4 - ++ - - -
1 : 500 + - +++ + - -
1 t 600 + 4 +++ + -
1 : 700 + 4 +++ + 4 -
1 : 800 ++ 4 +++ 4 4 -
1 : 1,000 +++ 444 +++ +4 44 **

(Continued)



Appendix 94.

FORMALIST.

Serum 7. Seram 8. Seram 9.serum c.c. 6,66 6.1 0.06 0.1 6.66 0.1

Formalin.
Ml. + + + + ++++ ♦+++ ♦+♦+ +«*■++ ++♦+

1 : 300 + - m -

1. t 400 + - - -
1 : 500 ■fr + - - ♦
1 : 600 ♦ + - - +

1 : 700 +♦ + - m ++

1 : 800 + + ++ + + +++ ♦

1 : 1,000 +++ ++ + +** +++ +

(Continued)



Appendix 95.

FORMALIN.

serial 10, serum 11* pH of saline,
serum o.c. VfiB— O  7T5B— JTT *-----------

Formalin.
Nil, m mm 6*0

1 : 300 - mm w 5*6
1 s 400 - - - - 5,6
1 : 500 - - mm m to•to

1 : 600 - - m m 5.6
1 : 700 - - M9 m 5.8
1 : 800 mm - - mm 5.8
1 : 1,000 m mm **

'

5.8

Ho flocculation occurs in any Of the antigen controls



Appendix 96

FOBMALIH,

SALIHE. (a) 0f75 per cent, aqueous solution of HaCl;
(b) the same + Formalin 1 : 500.

SERA, One normal and three syphilitic sera (from
individual cases) heated for half-an-hoor at 
55 C. t sixteen hours before use,

AH TIGER, A 4. Readings made after 22 hours at 37°C.
Technique, Appendix 9,

1 in 10
serum dilution 

20 40 80 160 320

Serum. Saline,
1. (a) _ - - - -

(1)) * •

2. (a) 444 +++ ++ '4 _

(D) ■ 4 ' + ■ + «•
4

3. (a) 44 ++ 4 4 - -

•• 4 •

4. (a) 4444 ++++ 4444 444 44 +
(b) • 4 • • 44 44 4

Antigen controls show no flocculation.



Appendix 97.

FORMALIH.

SALIflE. (a) 0f75 per cent, aqueous solution of HaCl;(■fa) the same + Formalin 1 : 500.
SERA. ®wo normal and twelve syphilitic sera (from

individual cases) heated for half-an-hour at 55°C., eighteen hours before use.
AHTlGrBH. A 4. Readings made after 22 hours at 37°C.

Saline (a) Saline (b)
( PH = 6.2) (pH « 5.8)serum c.c. 0.05 0.1 6.55 0.1

serum 1, ++++ ++++ + +
2. ++++ ++++ - -
3. +++ +++ + -
4. +++ ++++ - . -
5. *•+++ ++++ - -
6. +++ ++++ £ -
7. ++++ ++++ - -
8. ++++ ++++ + -
9. +++ +++ ** m

10. +++ ++++ - -

•HH ++++ ++++ + -
12. ++ ++ - -
13. - - -
14 - - - -

Antigen "controls 'shows "nra'f 1 oeeuIaSfon.



Appendix 98.

CHLOROFORM.

SALIHS. 0.85 per cent, aqueous solution of Sodium
Chloride, with, and without the addition of Chloroform.

SERA. Normal and syphilitic sera, heated for half- an-hour at 57 C,, six hours before use.
ANTIGEN. A 4. Readings made after 18 hours at 37 °C.

NORMALserum. SYPHILITIC ANTIGEN serum, control.serum c, c. 0.0'S o.I 0.05 0.1 nil.

Chloroform. *

Nil. - - +++ + + + +
1 : 200 - +++ + + + +
1 : 400 - ++++ + + + +
1 : 800 - - ++++ + + + +  r

1 : 1,600 - - ++++ ++++ -
1 : 3,200 - - ++++ ++++
1 : 6,400 — * ++++ ++++

* The figures indicate the concentration of chloroformin the saline, not in the completed testa.



Appendix 99-.

CHLOROFORM AffP ETHER.

SERA. Hormal and syphilitic sera, heated for half-an- 
honr at 55°C., immediately before use.

SAUHE. (a) 0.85 per cent aqueous solution of Sodium Chloride.
(b) the same saturated with chloroform.
(c) the same + 0.5 per cent.anaesthetic ether.

TECHNIQUE. Parallel Sachs-Ceorgi tests in each of which one of the above salines is used throughout 
(i.e. for diluting the sera and for the preparation 
of the antigen - A 4 ). Appendix 9.

Readings r̂nade after 20 hours at 37°C.

SYPHILITIC AHTIGEH

1 in 16
serum

86
control.serum dilution...m mmm.. W " nil.

Saline.
(a) ++ ++ ++ ++ -
(b) ++ ♦ + + -
(c) ++ ++ ++ ++

note, no flocculation uccurs in any of the tubes
of the duplicate tests with normal serum.



Appendix 1 0 0 ,

ACETONE.

SERA. Normal and syphilitic sera, heated for half-an-hour at 55°C., immediately "before use.
SALINE. 4.a) 0,85 per cent, aqueous solution of sodium chloride.

(b) the same ♦ 1,25 per dent.acetone.(c) the same + 2.5 per cent.acetone.(d) the same + 5.0 per cent.acetone.
TECHNIQUE. Appendix 9. Parallel Sachs-Georgi tests ineach of which one of the above salines is used 

throughout (i.e. for diluting the sera and for the preparation of antigen - A 4.)
Readings made after 20 hours at 37°C.

SYPHILITIC ANTIGENserum. oontrol.serum dilution.
1 in I3T 20 SO 50 nil.

Saline.
(a) ++ ++ + + ++ •
(b) + + ++ +♦ ++ -
(e) ++ ++ +++ ++ -
(a) t ++ ++ + + + -

Note. No flocculation occurs in any of the tubes of the duplicate tests with Normal serum.



Appendix Id.

ACETOHE*

SERA. Normal and syphilitic sera, heated for half-
an-hour at 56®C., five hours before use.

SALINE. 0.85 per cent, solution of Sodium Chloride In distilled water.
TBCHNIQPB. A series of four dilutions of each serum is

prepared with saline such that 0.5 c.e. contains respectively:- 0.1 c.c., 0.05 c.c., 0.025 c.c. or 0.0125 c.c. of serum, and four rows of tubes are set up, each row containing the above range of serum volumes.
To each tube is then added:
In first row:- 0.5 c.c. saline
In second row:- 0.5 c.c. of a 1 in 50 dilutionof acetone in saline.
In third row:- 0.5 c.c. of a 1 in 250 dilutionof acetone in saline.
In fourth row-. - 0.5 c.c. of a 1 in 1250 dilutionof acetone in saline.

The mixtures are allowed to stand at room temperature for 
half-an-hour after which 0.5 c.c. antigen (G4, prepared by dilution with saline) is added to every tube.

Readings made after 20 hours at 37°C.

SYPHILITIC SERUM. ANTIGENcontrol.
serum c.c. 0.1 0.05 0.025 0.012S nil.

Acetone,*
Nil. +++ t++ +++ +

1 : 150 +++ +++ +++ + -
1 : 750 +++ +++ +++ + -
1 : 3750 +++ +++ +++ + -
Rote. Ho flocculation occurs in any tube of theduplicate test in which Normal serum is used.*The figures indicate the concentration of acetone in the completed test (total volume - 1.5 c.c.)



Appendix 102.

BIE5SALT.

SERA. Normal and syphilitic sera, heated for half-an-hour at 56°C., five hours before use.
SALINE, 0,85 per cent, solution of Sodium Chloride in distilled water.

TECHNIQUE. A series of four dilutions of each serum is
prepared with saline such that 0,5 c.c. containsrespectively; -
0.1 c.c. 0.05 c.c., 0.025 c.c. or 0.0125 c.c. 
of serum.
Pour rows of tubes are set up, each row containing the above range of serum volumes, and then to each tube is added: -

In first row-.- 0.5 c.c. saline.In second row: - 0.5 c.c. of a 1 in 50 solution of sodiumtaurocholate in saline.
In third row;- 0.5 c.c. of a 1 in 250 solution of sodiumtaurocholate in saline.
In fourth row; - 0.5 c.c. of a 1 in 1250 solution of sodiumtaurocholate in saline.
The mixtures are allowed to stand at room temperature for half-an-hour after which 0.5 c.c. antigen (C 4, prepared by 
dilution with saline) is added to every tube.

Readings made after 20 hours at 37°C.

(Continued)



Appendix 103.

Syphilitic serum. ANTIGENcontrol.serum c.c. 0,1 0,05 0.025 0.0125 nil.

Bile-Salt.*
Nil. +++ +++ +++ + -

1 in 150 ++ + - -
1 in 750 + - -
1 in 3750 +++ +++ -

Note. No flocculation occurs in any of the tubes of the duplicate test with normal serum.Doubtful flocculation (+) occurs in the serum control tubes Containing 1 in 150 and 1 in 750 
bile salt.

* The figures indicate the concentration of bile- salt in the completed test (total volume = 1.5 c.c.)



Appendix 104.

Section (B).

SERUM.

For Standard Sachs-Georgi Technique, see appendix i . 
For Modified Technique, see appendix 9

All sera used in this Section are pooled specimens 
unless it is otherwise indicated. For details of 
"syphilitic serum" and "normal serum", see appendix 10. 
Serum controls are invariably set up but they are not 
shown in the tables as flocculation was never observed 
in any of them.

All antigens used in this Section are optimum antigens 
whose suitability for the Sachs-Georgi test had been 
confirmed.
Antigen controls are omitted from some of the larger 
tables in order to economise space. A footnote is 
inserted in such instances if any flocculation occurred 
in this control.

Flocculation results are recorded as detailed in appen
dix 4 .



Appendix 105.

Duplicate Tests,

SERA., Pooled syphilitic sera (heated). Duplicate parallel tests with each specimen.
ANTIGEN* In the case of sera B1 to 16, the same antigen is used

throughout and the twelve tests are placed in the incubator together.
With each of the other sera a separate antigen is usedfor each pair of tests (main and duplicate).

ECHNIQ.I3E. Standard Sachs-Georgi.

Main test. Duplicate test,
serum c.c. 0.05 0.1 0.05 0.1

Serum.B1 ++++ +++ ++++ ++++
B2 +++ +++ ++■*■ ++ +B3 +++ +++ ++++ ++B4 ++++ +++ ++++ ++++B5 ++++ ++++ +++ ft*B6 ++++ ++++ ++++ ++++
B7 +++ +++ +++ +++
B8 ++ +++ ++
B9 +++ ++ ++
BIO ++ ++ +++ +++



Appendix 106. 

Semm.

SERA.

AITIGEI,

Pooled syphilitic sera (heated), 
tests with each specimen. Duplicate parallel

A different antigen is used for each pair of tests 
(main and duplicate), hut the two tests with each 
serum are carried out with precisely the same antigen, 
i.e. sufficient antigen is prepared to serve for both tests.
Standard Sachs-Georgi (appendix 1). Readings are made 
after 20-24 hours at 37°C. The six sera were tested on 
different days but the results are shown in one table, for the sake of simplicity. The controls behaved 
satisfactorily on all occasions.

serum c.c.
Main
0.05

test.
0.1

Duplicate
0.05

test.
0,1

Serum.
1. ++ +++ ++++ ++++
2. ++++ ++++ +++ +++
3. ++++ ++++ ++ ++
4. * ++ ++++ +++
5, ++ ++ +++ +++
6. +++ ++ ++♦+ ++



Appendix 107.

Repeated Teats.

SEHOM. Pooled normal serum tested on eight occasions in an 
extended range of concentrations, during a period of sixteen days.
The serum is four days old at the time of the first 
test. It is stored in a cool place (not frozen) and 
sluows no evidence of bacterial contamination, remaining perfectly clear till the last.
Separate portions are inactivated for the different tests.
Temperature of inactivation:- 55°C for test on 27.2.23

56.5°C for all other tests.
ANTIGEN. A 4. The same hatch of c holesterolised heart-extract is used In preparing the antigens for all the tests.
TECHNIQUE. Appendix 9.

serum dilution 
Date of Test. 1 in 5 10 20 40 80

20.2.23 _
22«2.23 _ _
23.2 • 23 — _ _  ̂ ^
26.2.23
27.2.23 + + + «. _
28.2.23 + + +
 ̂*3.23 + + - «. _
7.3.23 + + ^

£ontrols. The antigen control and the serum control show no 
flocculation in any of the tests.On the days on which this sernm shows flocculation other normal sera react negatively (no flocculation)! .



Appendix 108.

Serum.

Effect of the Presence of Haemoglobin in Serum.

HAEMOGLOBIN SOLUTION. A fresh specimen of blood from a 
healthy subject is centrifugalised; the serum is pipetted 
off and the coagulum left in the centrifuge tube is broken 
up thoroughly with a glass rod. The tube is filled with 
saline and centrifugalised; the supernatant fluid is with
drawn and the tube refilled with Saline and its contents 
mixed. This washing of the sediment to remove traces of 
serum is repeated twice (three times in all) and, when the 
saline from the last washing has been pipetted off, 10 c.c. 
of distilled water is added to the washed sediment and the 
tube is shaken vigorously to mix its contents. After being 
allowed to stand at room temperature for ten minutes to 
permit haemolysis to occur, the tube is centrifugalised 
once more until any sediment is thrown down. 5 c.c. of the 
clear supernatant fluid is now mixed with 5 c.c. of a 
1.5$ solution of sodium chloride in distilled water, and 
the mixture is centrifugalised to remove the brown 
precipitate which forms. The clear deep red supernatant 
fluid, representing a saturated solution of haemoglobin 
in 0.75$ saline, is pipetted off and used as detailed below.

ANTIGEN. A 4.
(Continued)



Appendix 109.

Seram
(Haemoglobin).

SERA. (l)> pooled syphilitic serum.
(2), individual syphilitic serum.(3), pooled normal serum.
(4), individual normal serum.
(5), individual syphilitic serum, shown in Appendix185,and now re-tested.

Serum (4) is from the sample of blood from which the 
haemoglobin solution is prepared.
All the sera, except serum (5), are free from any trace of 
haemoglobin colouring.

TBOMIQUE. Three tests are carried out with each serum, 
except serum (5), using:-

(a), the serum inactivated without previous dilution.;(b), the serum mixed with an equal volume of saline 
prior to inactivation.(c), the serum mixed with an equal volume of haemoglobin solution prior to inactivation.

The three portions of each serum are inactivated (half-an-
hour at 55°C.) at the same time, in the same water-bath,
immediately before use. After inactivation, a series of
increasing dilutions of each portion of each serum is made i
with saline such that the total volume in each tube is 1 I
c.c. (in preparing these dilutions allowance is made for
the previous dilution to which portions (b) and (c) of the j
sera have been subjected). 0.5 c.c. of antigen is then ;
added to every tube and the tests are incubated for 18 J
hours/ (Continued) j



Appendix 110.

Seram.

at 37 °C* The tests are therefore standard Sachs -G-eorgi 
tests (using an extended range of serum concentrations) 
with and without the presence of dissolved haemoglobin. 
CONTROLS♦ Additional antigen and serum control tubes are 
used in which the maximum amount of haemoglobin solution 
present in the main tests is incorporated. No flocculat
ion occurs in any of the controls.

 ._____  serum dilutions.1 in 5 lo 5(5 46 55 IBT5 35T5

SERUM.
(l)a. + + + + ++ + + + + + + + + + +++ + + +
(1)13. + + + + + + + ++ + + + + + + + + + + -
(l)o. + + + + + + + + + + + + ++ + + + + + + -

(2)a. + + + + + + + + + + + + + + + + + + + + -
(2)b. + + + + + + + + + + + + + + + + + - -
(2)o. + + ♦ + + + + + + + + + ++ + + + -

(3 )a. 
(3)1). (3)o.

- - - - -

(4)a.
(4)1).(4)c. - - - ■ " - - -

(5). _ - - - + - + + + + +
The tubes with serum dilutioiE 1 in 20 and 1 in 10 
constitute the standard Sachs-Georgi test.



Appendix 1 1 1 .

Summary of results of parallel Sachs-Georgi tests 
with Heated and Unheated serum, from 110 cases 
attending a venereal diseases treatment centre.

( Appendix 113 - Appendix 127.)

Sera showing no flocculation in either test 47 Sera showing flocculation in one or hoth tests 63

Occurrence of flocculation: -

(1) only with Heated serum 34
(2) only with Unheated serum nil
(3) with "both heated and mnheatedserum ,29

63
Comparison of the intensity of flocculation with heated and unheated serum in the case of the 29 sera whicE " reacted positively in hoth tests: -

(a) flocculation equally good in hoth tests 6
(h) flocculation better with Unheated serum 2 *
(c) flocculation better with heated serum 21

29

* Hos. 104 and 105. (Appendix 126 - 127).
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Comparison of the results of Wassermann and 
Sachs-Georgi tests with 110 sera from oases attending a venereal diseases treatment centre.

(A) Concordant results in 89 cases (81 per cent.)
Wass.B. + S-G.R. + 46 cases
Wass.R. + S-G.R. + 2 cases.
Wass.R. - S-G.R. - 41 cases.

(B) Results disagreed in 21 cases (19 per cent.) 
Wass.R. + S-G.R. + 2 cases.
Wass.R. + S-G.R. - 3 cases.
Wass.R. + S-G.R. + 3 cases.
Wass.R. + SrG.R. - 4 cases.
Wass.R. - SrG.R. + 6 cases.
Wass.R. - S-G.R. + 3 cases.

♦ = positive or wealc positive. 
+ = doubtful.- = negative.



Appendix 113.

Unheated Serum

HEATED and UNHSATED serum - parallel tests.

SERA. 110 individual sera from patients attending a
Venereal Diseases Treatment Centre. Every serum 
is tested hoth HEATED and UNSEATED within five hours of the blood being shed. (The number of hours which elapse between the withdrawal of the 
blood sample and the placing of the completedtests in the incubator is shown in the column
"Age", and the temperature of inactivation is shown in column "Temp").
The Wassermann reaction of each serum is shown under "Wass. R". (Pos = positive; W. Pos = weak positive; ? = suspicious; Neg = negative).

ANTIGEN. As the tests are carried out in groups, on *different days, many samples of Antigen areemployed. These are ALL prepared from the same stock cholesterolised heart*!*extract (A4) and 
they behave satisfactorily on each occasion with 
known normal and known syphilitic serum.

TECHNIQUES. Appendix 9 .
(H = test with HEATED serum; U = test withUNSEATED serum).



Appendix 114.

Unheated serum.

 serum dilution.
1 in 5 15 25 55 55F

Seram. Wass.R. Age. Temp.
1. Pos 5 55° H ++++ ++++ ++++ +++ +

U - + + +

2. Keg 5 55° H -
U -

3, JSeg 4 55° H +
U -

4. Beg 4 55° H -
U -

5. W.Pos 4 55° H +♦ ++ ■ ' t
U + -

6. ' Beg 4 55° H -
U -

7. Beg 4 55° H -
U -

8. pee- 4 550 H ++++ ++++ *++ ++ +
U - - “

(Continued)
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Unheated serum.

HEATED and UNSEATED serum - parallel tests.

1 in 5
serum
10

dilution. 
to 40 80

erum Wass.R. Age. Temp.
9. Pos 4 55° H ++++ ♦ + *► + ++++ +++

U - - •fc.4

10. Reg 4 55° H - - am mm -
U - *» am mm -

11, Reg 4 55° H • - m  mm -
U - mm £ -

12. Pos 4 56° H - - . » — -

u - «, *• -

13. leg 4 56° H - - - -

U mm - mm +* -

14. Keg 4 560 H ■ r* mm mm -
U - m **

15. Pos 4 56° H ++ ++ + + -
U - am rnm mm -

16. Keg 4 56° H - - - -
U • m am mm

(Continued)



Appendix 116,
Pnheated serum.

BEAM) and UlHBATEj) serum - parallel tests.

serum dilution.
1 in B IB SB W 575

Serum Wass.R. Age. Temp.
17. Heg 4 56° H

U

18. Pos 4 56°' H +++ +++ +++ + +
XJ m m —

19. Neg 4 56° H * ~

Uw

20. Keg 4 56° H

21, W.Pos 4 56° H +♦ ++ + J
U - . - - -

22, Pos 4 56° H +++ ++ ♦
Xj - " “ "

23, Nog 4 56° H - “
U - • ~ ”

24. ? 4 56° H
TJ

(Continued)
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Unheated serum

HEATED and UUHEAfEP serum - parallel tests.

serum dilution.
1 in 1 To 20 5<y

Serum. Wass.R. Age Temp.
25. W.POS 4 56° 1 ++ ++ +

U - -

26. ? 4 56° H ++ ++ ++ +
U - *• ~ «• •

27. Ueg 4 56° H - - - - • -
U -

28. Beg 4 56° H - - - - . -
Xj - - '

29. Pos 4 56° E ♦+++ ++++ +++ +++ +++
U ++ + + ++ ++

30. Pos 4 56° H +++ +++ +++ ++
0 - - - ■ "

31. Heg 4 56° H -
U -

38. Pos 4i 56° H +++ +++ +++ ++ ++
0 -  "  -  -

(Continued)



Appendix 118.
Unheated serum.

HEATED and UUHBATSD serum - parallel tests.

1 in 6
serum dilution.

10 20 40 80

>erum. Wass.B. Agemrnmmammm Temp.
33. Pos 4i 55° H

U
++♦ +++ +++ ++ —

34. ? 4\ 55° H
U

++ •

35. Pos 4i 55° H
U

++++
+

++++ +♦++ +++ +++i
+ ++ ++ ++

36. Neg 4i 55° H
V

37. Heg 4i 55° H
U - . - -

38. Pos 4| 55° H
U

- •

39. Pos 4i 55° H
U

++ ++ ++ +

» 
^ 

1 
© 

i 
•

i i

? 4| 55° H
U

-
- - - - -

( continued)
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Unheated serum.

HEATED and UUHEAQED serum - parallel tests.

1 in 5
serum

" I F " ’”
dilution. 
20 40 6b

>erum. Wass.R. Age. Temp-
41. Reg 4* 550 H

U mm - - -

42. Reg 4l 55° H
U * - -

-

43. Reg 4i 55° H
U

-
- - -

44. leg 4i 55° H
U «•

* - m

i

45. Pos 4i 55° H'
U

+♦
m

+ +  ♦  +

-

4§. W.Pos 4i 55° H
U

++

♦

+

-

47. Reg 4i 550 H
U mm - -

i 1 
CD

 
1 

•
1 1

Reg 4 56° H
U

-

- ■ - -

(Continued)
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Unheated serum.

HEATED and XJHHBATED serum - parallel tests.

serum dilution.1 in 5 15--- 5o--- 35--- 577

Serum. Wass.R. Age. Temp.
49. Pos 4 56° H +++ +++ ++ +

XJ -

50. Pos 4 56° H ++++ ++++ +++ +++ +
U - - - +

51. ? 4 56° H +++ ++ +
U  - - f ' -

52. leg 4 56° H - - -
X J ......................

53. Pos 4 56° H ++ ++ ++ +
U

54. 3Jeg 4i 56*5° H - -
U

55. Pos 4% 56*5° 5 ++ ++ + - -
XJ - - - - ■ -

56. pos 4-| 56*5° H +++ ++++ ++++ ++++ ++++
+ ++ ++JL - +.... ---“ ( (pntinued)



Appemi.tr 121.
Wmfaeatei seramt. 

iHILAlEP ami. MUEA'JKp 8 6 m  — pa.Tra'iilel • te s te.

1 im 5
s e n  iilmtiosi.

io  1 40 80

S e m , Wass.R. Age. 1 9 -
5 7 . Meg 4 * 56.5° E

5

**■ — — — —

5 8 . Pos 4 § 56.5® b  ++++ ++* +-M- +♦ ♦

UT HUHHK ** ♦+ - -

59. Beg 4% 56.50 ffi - - -

w - • —

SO. Pos 4 § 56.5® R HHHHK ■HHHh HHHHh HHHHh HH-

¥ - -  - nt

si. Bos 56.5® B ♦* + -  - -

¥ - • -

6 2 . Pos *£ 56.5® B HUM- ++++ +♦++ + m ♦♦++

¥ +* HhHHH HH*-** ♦*+♦ HHHHh

S3. Pos 56.5® U2T it1 *+ -»■-»■ ♦ - -

¥ - — — —

64. Beg 4k 56.5® B - - -
¥ — —

(Contimed}



Appendix 122.
Unheated serum.

HEATED and UUHEATEP serum - parallel tests.

1 in serum dilution.
8 lo to 40 60

Sernm, Wass.R. Age. Temp.
65 Keg 4i 56.5° H

U
mm - • • -

66. Keg 4i 56.5° H
U

-
m

m

mm m

-

67. Keg 4i 56.5° H ' - - • mm -
U - - - mm -

68, Keg **' 56.5° H - - - mm -
U - - m - •

69. Keg 56.5° H - - mm - -
U • - mm - - •

70. W.Pos 4i 56.5° H ++++ ++++ +++ ++ +

U - - - •* **

71. Pos 4 56.5° H ++++ ++++ ++++ +++ +

U + - • **

72. Keg 4 57° H ++ + + - -

U - - —
( gontinued)
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Unheated serum.

HEA1BD and UUHEATEP serum - parallel tests.

1 in 5 serum 
To ' dilution. 

"SO--- 40 60

erum. Wass.R. Age. Temp,

•tor> Pos 4 57° H ++++ ++++ ttt+ 444 44
U + + + ++ 4

74. Jffeg 4 570 H - - - -
• U m f* •» #» -

75* ? 4 57° H - - - -

U m #» - #a

76. Pos 4 57° H 444 44 44 -

U •» «» •» «P

77. ? 4 57° H 4444 +++ +♦ ft -

U - - - -

78. W.Pos 41. 56° H £444 +++ ++ 4 -

U *

79. Reg 4i 56° H - - -
\ U - - • *•

CD o -• Pos 4i 56° H ++++ ++♦+ 4+++ 444 44

U - - - • *•

(Continued)
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Unheated serum.

HEATED and UMEATBD serum - parallel tests.

aerum dilution.
1 in 3 IB--- 55--- 55--- M

Serum. Wass.H. Age. Temp.
81. Heg 4f 56° H +++ +++ ++ ♦

U - -

82. ? 4i 56° H + +
U . - - -

83. Heg 4 56° H +++ ++*► + +
XJ «* *» - -

84. Beg 4 56° H -

85. Dos 4 56° H +♦+■*■ ++++ ++++ +++ **
V + ■ + ♦+ +

86. Heg 4 56° H + + -
U + -•»

87., Heg 4 56° H +++ ++ + + -
U + '

88. Heg 3 56° H + + t
U + + + t

_ (Continued)



Appendix 125.
Unheated serum.

HEATED and UM&1TSD serum - parallel tests.

1 in
is serum dilution, 10 so ft

4o 66

Serum. Wass.R. Age.tmmmmmm Temp.
89. Pos 3 56° H ++++ ++++ ++++ ++++ ++

U ++ + - -

90. Heg 3 56° H - - - - -
U + - - - -

91. Pos 3 56° H ++♦+ +♦+ +
U +++ +++ ++ + -

92. Pos 3 560 H ++++ +++♦ ++++ ++++ ++
U + + + - -

93. Heg 3 56° H - m -
U + - - m

94. Pos 4 56° H + +*r + - -
U •+ ♦ ♦ *

95. Pos 4 56° H + + + ♦ -

U + + + + -
•m

96. Heg 4 56° H ++ + + - -

U + + - - • -

(Continued)



Appendix IE6.
Unheated serum.

HEATED and UHHEAIEBP serum - parallel tests.

1 in serum dilution.10 W 515

Serum. Wass.R. Age. Temp,
97.

98.

99.

101.

10E.

Pos

100. Reg

Pos

103. pos

104. pos

4

56° H +
U - . . . .

56° H +++■*■ ++++ +++ +++ ++
U +++ ++ ♦ + ♦

56° H +++♦ ++++ ++++ ++♦ +
U . + + + -

4 56° H +♦ ♦ + -
U -

4 56° H +++♦ ++++ ++++ ++
U + ♦ ♦

r.Pos 4 56° H ++♦ +++ ++

56° E ++♦ +++ ++++ ++++ ++++

■Q- ++++ ++++ + + + + + + + + ++ + +

56° H + 
U ++++

++ ++++ ++++ ++++

++++ ++++ ++++ ++++

(Continued)



Appendix 127.
Unheated serum.

HEATED and UNHEALED seram - parallel teats.

1 in serum dilution.
U T — -m— as

Serum. Wass.B. 
105. Pos

Age. Temp.
4 560 H + ++ ++++ ++++ ++++

U ++++ ++++ ++++ ++++ ++++

106. Pos 56 H +++ +++ +++ ++ ++
U + ♦ + + +

107. Pos 4 55° H ♦++ +++ ++++ ++++ +++
jj ++++ ++++ ++++ ++++ +++

108. W.Pos 4 55° H + +
U + +

109. Pos 55° H +++ +++ +++ ++
U +

110. Beg 4 55° H -
U +



Appendix 128.

U38HEATED SBEDM.

Serum 12 is from a case of clinical syphilis (Wassermann,
reaction, positive^, The serum is 4 hours old when testedon 20/2/23,
The same pooled sera (syphilitic and normal) are used on both dates, as controls.
Temperature of inactivation = 56°G.
Antigen. A 4. Technique: Appendix_9.

1 in
serum dilution. TO— 55— W ~ “55

Syphilitic
serum(heated)

Normalserum
(heated)

Serum 12 
(heated)

Serum 12

20.2.23
26.2.23
20.2.23
26.2.23
20.2.23
26.2.23
20.2.23

+ +++ +++ *f++ ++
+++ ++++ ++++ +++ ++

(unheated)j 26.2.23



Appendix 129.

UUHEATBD SERUM.

Serum 56 is 4§ hours old vifeien tested on 6/3/23.
The same pooled sera (syphilitic and normal) are used on hoth dates, as controls.
Temper a Jiure of inactivation * 56.5°C.
Antigen = A 4. Technique. Appendix 9 .

1 in serum dilution.5 IF5 S3 W 53
Syphilitic ) 6.3.23 

serum ) 
(heated) ) 9.3.23

+++ ++++ ++++ ++++ ++
+++ ++++ ++++ ++++ +++

Normal ) 6.3.23
serum )
(heated) } 9.3.23

Serum 56 ) 6.3.23
)(heated) ) 9.3.23

+++ ++++ ++++ ++++ ++++
++++ ++++ ++4>+ + + + + ++ +

Serum 56 ) 6.3.23)(Unheated) ) 9.3.23
++
♦

++



Appendix 130.

UNSEATED SEBUM,

Serum 58 is 4| hours old when tested on 6/3/23.
The same pooled sera (syphilitic and normal) are used on hoth dates, as controls.
Temperature of inactivation = 56.5°C.
Antigen = A 4. Technique. Appendix 9 .

1 in
serum dilution. 

15--- 25--- ■ T O

Syphilitic ) 6.3.23 serum ) 
(heated) )13.3.23

+++ ++++ ++++ ++++ ++
+++ ++++ ++++ ++++ +++

normal ) 6.3.23
serum )
(heated) )13.3.23

Seram 58 ) 6.3.23)(heated) )13.3.23
++++ +++ +++ 4"+
++++ ++++ +++ ++

Serum 58 j 6.3.23 
(Unheated)) 13.3.23

++++ ft ++



Appendix 131.

UNSEATED SERUM.

Serum 60 is 4i hours old when tested on 6/3/23.
The same pooled sera (syphilitic and normal) are used on hoth dates, as controls.
Temperature of inactivation = 56.5°C.
Antigen = A 4. Technique. Appendix 9 .

serum dilution.
1 in 5 W  25 2o §0

Syphilitic ) 6.3.23 serum ) 
(heated) ) 9.3.23

Normal ) 6.3.23 
serum ) 
(heated) ) 9.3.23

Serum 60 ) 6.3.23
)(heated) ) 9.3.23

Serum 60 )6.3.23
)(unheated))9.3.23

f++ +4++ ++++ ++++ ++.
+++ ++++ ++++ ++++ +++

44++ 4+4+ ++++ ++++ +4

+++ + ++++ ++++ +4+4 +4

«• m  «■ «• 4

- ..** - ' - f



Appendix 132.

UNSEATED SEHUM.

Serum 62 is 4i hours oia when tested on 6/3/23.
The same pooled sera (syphilitic and normal) are used on 
hoth dates, as controls.
Temperature of inactivation = 56.5°C.
Antigen = A 4. Technique. Appendix9 .

1 in F serum dilution.nr w 40 80

Syphilitic ) 6.3.23 
serum ) 

(heated) ) 9,3.23
+4+ 4444 4444 444+ +4

444 4444 444+ ++++ +++

Normal ) 6.3.23
serum )
(heated} ) 9.3.23

Serum 62 ) 6.3.23
)(heated) ) 9.3.23

44+ , 4444 4444 4444 4+++ 

+4+ +4+4 ++++ ++++ ++++

S erum 62 - ) 6*3.23
) .(unheated)) 9.3.23

++ 444 444+ 4444 ++++

» 4+ 4+++ +4++ +++



Appendix 133.

UNSEATED SERUM.

Serum 77 is 4 hours old when tested on 8/3/23.
The same pooled sera (syphilitic and normal) are used on hoth dates, as controls.
Temperature of inaetivation = 57°C.
Antigen = A 4. Technique. Appendix 9.

serum dilution.
1 in 1----- 15--- 25--- 25--- M

Syphilitic ) 8.3.23 serum ) 
(heated) )13.3.23

+4+ 4444 4444 4444 444

444 4444 4444 4444 444

Normal ) 8.3.23
serum )
(heated) )13.3.23

Serum 77 ) 8.3.23
) .(heated) )12.3.23

4444 444 44 44

444 444 44 4

Serum 77 ) 8.3.23
(tmheated)) 13.3.23



Appendix 134.

TOHSA ED SERDM.

Serum 82 is 4i hours old when tested on 9/3/23. (Treated case of syphilisj Wassermann reaction, suspicious).
The same pooled sera (syphilitic and normal) are used on both dates as controls.
Temperature of inactivation = 56°C.
Antigen = A  4. Technique". Appendix 9 .

serum dilution.
1 in 5 10 20 4o do

+++ +++ +++♦ +++♦ + + +

+++ ++++ ++++ ++++ + + +

+ + - - -

+ - - - -

+ ♦ - - -

+ + + mm

m mm

- - mm -

mm «» — •

Syphilitic) 9.3.23 serum ) 
(heated) )13.3.23

Uormal ) 9.3.23 
serum ) 
(heated) )13.3.23

Serum 82 ) 9.3.23
)(heated) )13.3.23

Serum 82 ) 9.3.23
)(unheated))13.3*23



Appendix 135.
OTBEAdBSD SEBUM.

Serum 98 is 4 hours old when tested on 20/3/23.
The same pooled sera (syphilitic and normal) are used on both dates* as controls.
Temperature of inactivation = 56°C.
Antigen = A 4. Technique. Appendix.9.

1 in 6
serum
10

dilution.
§6 AO 00

Syphilitic ) 20.13.23 ++++ ++++ ++++ 44 44 4444
se rum 
(heated) ))26.3.23 ++++ 4444 ++++ 4444 444

Uormal )20.3.23 .. _

serum
(heated) ))26.3.23 4 + + 4 4

Serum 98 )20.3.23 
))26.3*23

++++ ++++ +++ 444 44

(heated) 444 +++ 4444 4444 444

Serum 98 )20.3.23
))26.3.23

+++ ++ 4 4 4

(unheated) + 4 4 4 4

JJO Flocculation (+) occurred in the antigen control
on 26/3/23.



Appendix 136,

UNSEATED SERUM.

Serum 102 is 4 liours old when tested on 20/3/23,
The same pooled sera (syphilitic and normal) are used on hoth dates, as controls.
Temperature of inactivation = 56°C.
Antigen = A 4. Technique, Appendix 9 .

1 in 5
serum TO - dilution.

to 40 SO

Syphilitic
serum )20*3.23 

)
++++ ++++ ++++ ++++ +++<

(heated) )26.3.23 ++++ ++++ ++++ ++++ +++

Normal
serum )20.3.23 

)
- - - - -

(heated) ) 26 • 3 • 23 + + + + +

Serum 102 )20.3.23
))26.3.23

+++ t++ ++ + +
(heated) ++++ ++++ ++++ +++ ++

Serum 102 )20.3.23 
))26.3.23

+♦ * - + -
(unheated) + + + +

Note.
Flocculation ( + ) occurred in the antigen controlon 26/3/23.



Appendix 137.

UffHEATBD SEP DM.

Serum 103 is 4 hours old when tested on 20/3/23.
The same pooled sera (syphilitic and normal) are used on hoth dates, as controls.
Temperature of inactivation = 56°C.
Antigen A.4. Technique. Appendix9 .

1 in 5
semm dilution, io So 4o 60

Syphilitic )20.3*23. ++++ + + + + + + + + + ++ + ++++
serum

(heated) )) 26.3.23 ++++ + + + + + + + + + + + + +++

Bormal )20.3*23 - - - - -
seruiji(heated) )) 26 • 3 • 23 + + + + +

Serum 103 )20*3.23 
))26.3.23

+++ + + + + +++ + + + + ++++
(heated) +++ + + + + + + + + + + + + +++

Serum 103 )20.3.23
)) 26 • 3 • 23

+ +++ + + ++ ++ + + + + + + ++++

(unheated) +++ ++ + + + + +

Flocculation ( + ) occurred ig6y2?2|ntigen con4?Ko1 on



Appendix 138. 
UNSEATED SEHUM.

Serum 107 is 4 hours old when tested on 22/3/23.
The same pooled sera (syphilitic and normal) are used on "both dates, as controls.
Temperature of inactivation = 55°C.
Antigen = A. 4. Technique. Appendix 9 .

1 in 5 serum dilution.
16 20 ' 46 66

Syphilitic )22.3.23 +++ +++ ++++ ++++ +++
serum

(heated) ))26.3.23 ++++ ++++ ++++ ++++ +++

Normal )22.3.23 + - - - -
serum 

(heated) )) 26.3.23 + + ♦ + +

Serum 107 )22.3.23
))26.3.23

+++ +++ ++++ ++++ +++
(heated) +++ ++++ ++++ +++♦ +++

Serum 107 )22.3.23
))26.3.23

++♦+ ++++ ++++ ++++ +++
(unheated) ++ ++ ++ ++ +++

Note.
Flocculation ( + ) occurred in the antigen 26/3/23.

control on



Appendix 139.

Unheated Serum.

Serum 108 is 4 hours old when tested in 22/3/23 (Treated 
case of syphilis; Wassermann reaction, weak positive).
The same pooled sera (syphilitic and normal) are used as controls on both dates.
Temperature of inactivation = 55°C.
Antigen = A 4. Technique. Appendix 9 .

1 in
serum dilution.

5--------- 15------25--- 55------SF5

Syphilitic )22.3.23 
serum ) 
(heated) )26.3.23

+++ +++ ++++ ++++ +++
++++ ++++ ++++ ++++ +++

Normal )22.3.23
serum )
(heated) ) 26.3.23

Serum 108 ) 22.3.23
(heated) )26.3.23

+ +
++++ ++++ ++++ ++♦ ++

Serum 108 )22.3.2S
)(unheated))26.3.23

Note. Flocculation ( + ) occurred c o n t r o 1on 26/3/23.



Appendix 140.

Unheated Serum.

Serum 109 is 4 hours old when tested on 22/3/23.
The same pooled sera (syphilitic and normal) are used as controls on hoth dates.
Temperature of inactivation = 55°C.
Antigen = A 4. Technique. Appendix 9 .

1 in '5 ..
serum

..15"..
dilution.
T5.. 45 55

Syphilitic )22*3.23 +++ +++ ++++ ++++ ♦++
serum
(heated) ))26.3.23 ++++ ++++ ++++ ++++ +++

Normal )22*3*23 + • - -

serum
(heated) )) 26 • 3 • 23 + + + + +

Serum 109 )22.3.23 
))26*3.23

+++ +++ +++ ++
(heated) ++++ ++++ ++++ ++++ +++

Serum 109 )22.3.23 
))) 26 • 3 * 23

♦ + ♦ + ♦
(unheated! + +

Note.
Flocculation (+) occurred in the antigen control



Appendix 141 .

INAOTIVAfrlON.

SEHUM. Syphilitic serum heated for half-an-hour at 55°C as under:-
Portion (1), 72 hours before use.
Portion (2), 48 hours before use.Portion (3), 24 hours before use.
Portion (4), 7 hours before use.
Portion (5), immediately before use.

The five portions of the serum are all tested at the one time With the same antigen.
ANTIGEN A 4. Technique: - Standard Saehs-Georgi.

serum c.c. 0.05 0.1
ANTIGEN control ' nil.

Portion (1) ++++ +4+4 -
Portion (2) +++ +++ -

Portion (3) ++♦ +++ -
Portion (4) ++++ ++++ -

Portion (5) +♦++ ++4+

A normal serum, heated for half*»an-hour at 55®C., 24 hours before use, is used as control.
No flocculation occurs.



Appendix 142.

iHAcrmrioN.
SERA. Normal and syphilitic sera, heated for ha If-an-hour at 55°C., as under: -

Portion (1), 28 hours before use.
Portion (2), 4 hours before use.
Portion (3), immediately before use.

The three portions of each serum are all tested atthe one time with the same antigen.
ANTIGEN A 4. Technique*,- Standard Sachs-Georgi.

serum c.c.

NORMAL
serum

0.05 0.1

SYPHILITICserum.
0.05 0.1

ANTIGENcontrol.
nil

Portion (1) + + + +
Portion (2) + •f + ++
portion (3) - - ++++ ++++

Note, tflpcculmtion occurs with the normal 
serum in two of the tests.



Appendix 143.

INACTIVATION.

SERA. Normal serum heated for half-an-hour at 56°C. immediately before use.
Syphilitic serum:- (a), heated for half-an-hour at 56°C. immediately before use.

(b), heated for half-an-hour at 56°C. five days before use, and kept at room temperature in the" interval.
TECHNIQUE. (Appendix 9 .) A series of dilutions of each serum 

is prepared with saline such that the total volume 
in each tube is 1.0 e.c. When these are ready, 0.5 
c.c. of the same antigen (A4) is added to every tube and the completed tests are incubated at 37°C. for 20 hours.
The tests are therefore standard Sachs-Georgi tests 
in which an extended range of serum volumes is used. (The tubes with serum dilutions 1 in 20 and 1 in 10 
constitute the standard test).

 serum dilution__________1 in 5 Xo 50 W  55 155 £55

Serum.
normal, 

syphilitic (a). ++++ 
syphilitic (b). ++++

++++ ++++ ++++ ++++ +++ ++
++++ ++++ ++++ ++++ +++ ++

Note. The serum dilutions shown are based on the volume in the
tubes prior to the addition of antigen, thus there is 
0.2 c.c. serum in the tube nl in 5n*



Appendix 144.

INACTIVATION.

SERA. Normal and syphilitic sera, heated for half-an-hour at 56°C., as under:-
Portion (1), immediately before use.
Portion (2), 58 hours before use and kept at room temperature.
Portion (3), 58 hours before use and kept frozen.

The three portions of each serum are all tested at the one time with the same antigen.
ANTIGEN. A 4. Technique: - Standard Sachs-Georgi.

NORMAL SYPHILITIC ANTIGENserum. serum. control.
serum c.c. 0.65 0.1 0.05 0.1 nil.

Portion (1) 
Portion (2) 
Portion (3)

++++
++++
++++

++♦+
++++

++++



Appendix 145.

INACTIVATION.

Normal and syphilitic sera, heated for half-an-hour at 57°., as under: -
Portion (1), 50 hours before use.Portion (2), 30 hours before use.Portion (3), 4 hours before use.

The three portions of each serum are all tested att the one time with the same antigen.
ANTIGEN. A 4. Technique: - Standard Sachs-Georgi.

NORMAL SYPHILITIC ANTIGENserum.  serum. control.
serum c.c. 0.65 6.1 6765 0.1 nil.

Portion (1) 
Portion (2) 
Portion (3)

+ ++

++ +++
++++



Appendix 146.

INACTIVATION.

SERA. Hormal and syphilitic sera, heated for half-an-hour at the undermentioned temperatures, five hours before use.
Portion (1) 50° - 51°Q.Portion (2) 52° - 53°C.Portion (3) 56° - 57°Q.
Portion (4) 60° - 61°G.

The four portions of each serum are all tested at the one time with the same antigen.
ANTIG-SH. A 4. Technique: - Standard Sachs -Geo rgi.

NORMAL SYPHILITIC ANTIGENserum. serum. control.nTTserum c.c. o.o6 oTT 0.05 6.1

Portion (1) - - + +
Portion (2) - + +
Portion (3) - - ++ +++
Portion (4) _ + +



Appendix 147.

INACTIVATION.

SEEUM. Pooled syphilitic serum. The same sample is used 
throughout hut separate portions are inactivated for the different tests.

INAOTIVAflON. Half-an-hour at temperatures indicated.
TECHNIQUE. Standard Sachs-Georgi. The same cholesterolised heart-extract is used for all the tests.

Sate.
Age of 
Serum.

Inactivation. 
Temperature. Before Test.

Serum
0.05

c.c.
0.1

17.10,22 7 days 55.6° 74 hours ++++ ++++
do. do. 55.5° 50 hours +++ +++
do. do. 54.5° 26 hours ++++ ++

do. do. 64.5° 8 hours ++++ ++++
do. do. 54.5° i hour t +++ +++
do. p. o • 54.5° 74 hours ++++



Appendix 148.

inactivation.

SERUM. Pooled syphilitic serum. The same sample is used 
throughout hut separate portions are inactivated for the different tests.

INACTIVATION. Half-an-hour at temperatures indicated.
TECHNIQUE. Standard Sachs-Georgi. The same cholesterolised 

heart-extract is used for all the tests.

Date.
Age of 
Serum.

Inactivat
Temperature

ion.
Before Test.

Serum
0.05

O 
|

I* 
1 

o 
|o 

1 
* 

. 
1

H 
» 1 1

9.10.22 5 days 56° 24 hours ++++ ++++
10.10.22 6 days 54° 6 hours + -
11.10.22 7 days 55° . 6 hours ++++ ++++
12.10.22 8 days 54° 24 hours ++++ +++ +
12.10,22 8 days 54° 6 hours ++++ +++ +
12,10.22 8 days 58.5° 3 hours +++ ++
12.10.22 8 days 55° 25 hours +++ ++
16.10.22 12 days 55° 24 hours ++++ +++



Appendix 149.

IMmVAHOU.

SBEOM, Pooled syphilitic serum. The same sample is used
throughout, but separate portions are inactivated for 
the different tests.

INACTIVATION. Half-an-hour at temperatures indicated.
HECHNIOUE. Standard Sachs-Oeorgi. The same cholesterolised heart- 

-extract is used for all the tests.

Pate.
Age of 
Serum.

Inactivation. 
Temperature Before Test

Serum
0.05

c.c.
0,1

7*5.22 4 days 57° 2 hours +++ +++
8.5.22 5 days 57° 5 hours +++ +++
9.5.22 6 days 57° 9i hours ++ +++
10.5.22 7 days 57° 4 hours ++ + +++
12.5.22 9 days 57 10i hours ++ +++
13.5.22 10 days 057 4f hours ++ ++++
13.5,22 10 days 57° 30 hours ++ +++
13.5.22 12 days 56° 5 hours ++ ++++



Appendix 150.

INACTIVATION.
SERUM. Pooled syphilitic serum. The same sample is used throughout, "but separate portions are inactivated 

for the different tests.
IEOTIVAUQN. Half-an-hour at temperatures indicated.
igSGMIQUS. Standard Sachs-Georgi. The same ckolesterolised 

heart-extract is used for all the tests.

Age of Inactivation. Serum c. c.

Rate. Serum. Temperature Before Test. 0.05 0.1

80.2.23 * 6 days 56° 10 hours +++ +++

82.2.23 8 days 56° \ hour ++++ ++++

22.2.23 * 8 days 56° 58 hours ++++ ++++

23.2.23 * 9 days 56 76 hours +++ +++

26.2,23 12 days 56 | hour ++++ ++++

27,2.23 13 days 55° \ hour ++++ ♦+++

28.2.23 14 days 56° \ hour ++++ ++++

6.3.23
7.3.23
8.3.23
9.3.23 
.̂3,23
13.3.23

20 days
21 days
22 days
23 days 
27 days 
27 days 
29 days

56
56(
57(
56*
56*
56'
56

\ hour 
\ hour 
\ hour 
\ hour 
6 hours 
9 hours
| hour

++++

++++
++++

++++
++++

+++

+++

++++ 
++++ 

+++ 
+++.+ 
++++ 

+++ 
++

„ rm of serum*?®3e tests are carried out with the same 
(inactivated on 20.2.23).



Appendix 151.

INACTIVATION.

SEI&. Pooled syphilitic sera. The same sertun is used in each 
group of tests, ‘but separate portions are inactivated for tests on different days.

INACTIVATION. Half-an-hour at temperatures indicated.
3E0HHI ONE. Standard Sachs-Geo rgi. The same cholesterolised 

heart-extract is used for each group of tests.

Date.
Age of 
Serum.

Inactivation. Serum c.c.
Temp. Before test. 0.05 0.1

28 hours + +15,3.22 4
15.3.22 4
15.3.22 4

16.5.22 7
16*6.22 7
16*5.22 7
18*5.22 9
18.5.22 9

20.9.22 11
21.9.22 12
28.9.22 13

55°
55°
55°

56°
56°
56°
56°
56°

56°
56°
056

4 hours + ++ )A
A2 hour ++++ ++++ ))

10 hours ++ ++ )
9 hours ++ +++ ))))B

))))

10 hours + ++
5 hours + ++
8 hours ++ ++
/
23 hours ++++ ++++ )

CV2 hours ++++ ++++ ))C
23 hours ++ +++ ))



Appendix 152.

INACTIVATION.

SERA. Pooled syphilitic sera. The same serum is used in 
each group of tests, "but separate portions are inactivated for tasts on different days.

INACTIVATION. Half-an-hour at temperatures indicated.
TECHNIQUE. Standard Sachs-Georgi, The same cholesterolised 

heart-extract is used for each group of tests.

Age of Inactivation. Serum c .c.
Hate. Serum. Temp Before Test. 0.05 0.1

25.9.22 6 days 56° 24 hours +++ +++ I
26.9.22 7 days 56° 25 hours t++ +++ )D\
1.10.22 12 days 56° 26 hours ++ +++ 1

))2.10;22 13 days 56° 22 hours + ++ +++

9.11.22 9 days 51° 5 hours + + >)
))E
))

9.11.22
9.11.22

9 days 
9 days

53°
57°

5 hours 
3 hours

4-
++

+
+++

9.11.22 9 days 61° 5 hours + + i

8.1.23
H.1.23

6 days 
9 days

56°
056

5 hours 
26 hours

++++
++

++++
+++

)JF)



Appendix 153.

mCTIVAHOE.

SBHA. Pooled syphilitic sera. The same serum is used in 
each group of tests, but separate portions are inactivated for tests on different days.

INACTIVATION. Half-an-hour at temperatures indicated.
TECHNIQUE. Standard Sachs-Georgi. The same cholesteroliseheart-■extract is used for each group of tests.

Age of Inactivation. Serum c.o.
Date. Serum. Temp. Before Test. 0.05 0.1

5.2.23 6 days 55° 7 hours ++++ +++ )))s
))

8.2.23 9 days 54° 2 hours + ++
14.2.23 15 days 55° 96 hours +++ +++

16.3.23 26 days 56° i hour ++++ ++++ ))
)))H
))))

20.3.23 30 days 56° i hour ++++ ++++
20.3.23 30 days 56° 120 hours ++++ ++++
22.3.23 32 days 55° i hour ++++ +++
25.3.23 35 days 56° $ hour ++++ +♦++



Appendix 154.

Summary of 102 TESTS with SYPHILITIC SERA.

The results are classified in four groups: -
Group 1 = ++++ in both tubes of test.
Group 11 = ++++ in one tube of test (+++ or less

in the o ther).Group 111 = +++ in both tubes of test.
Group 17 = other degrees of flocculation.

SEEA. 33 different samples of pooled syphilitic serum, 
all of which give a strongly positive Wassermann 
reaction. The temperature of inactivation and the 
interval between inactivation and completion of 
tests are shown.

ANTI GEE. As the tests are spread over a period of 18months, several different batches of antigen are 
used. All of these were optimum antigens in 
routine use for Sachs-Georgi tests, and all had 
proved themselves satisfactory.

(Continued)



Appendix 155.

IEACTI7AH0I.
temperature. interval. Group 1 Group 11 Group 111 Group 11

\ hour 1 _ 1
2-5 hours 154°C. '
6-10 hours 2 - - 1
24 hours 1 1 - -

i hour 4 2 4 2
55°C. 2-5 hours - - 2 3

6-10hours 2 1 1 3
24 hours 2 3 1 3

i hour 11 2 1 3
56°C. 2-5 hours 2 1 1 3

6-10 hours 2 - 2 5
24 hours 3 - 4 6

i hour 1 1 ‘ 1
57°e. 2-5 hours 1 - 3 2

6-10 hours 2 1 - 2
24 hours - - - 1

(Continued)



Appendix 156.

SUMMARY.

Inactivation
temperature,

Humber of 
Tests.

54°C 
55°C. 
56°C. 
57 °C.

8
33
46
15
108

Interval between 
inactivation and 
completion of test.

i hour. 34
2-5 hours 19
6-10hours. 24
24 hours. 25

Flocculation.Groups f and II. feroup IY

5
14
21
6

46

2
11
17
6

36

22
4
10
10

11
10

102 46 36



Appendix 157

Section (C).

ANTIGBR.

For preparation of HEART-EXTRACT, see appendix 5.

For details of titration of optimum antigen, see appendix 6-8.

For Standard Sachs-Georgi Technique, see appendix 1.

The explanation of the terms "normal serum", "syphilitic 
serum”, "pooled specimen", and "individual specimen" is 
given in appendix 10.

Reference to serum and antigen controls is omitted from many 
of the tables in this section in order to economise space. These controls were invariably set up and a 
note is always appended if they showed any flocculation. Where no note appears, these controls showed no change*



Appendix 158.

Antigen.

METHOD OP DILUTION with SALUTE.

SERA. Two NORMAL andQtwo STPHI1ITIC sera, heated for half--an-hour at 55 C., seven hours before use.
ANTIGEN. Three antigens are used, each of which is prepared

from the same stock cholesterolised heart-extract 
(A4) by dilution with the same sample of saline.The method of dilution varies:

antigen (a); standard technique (see appendix 1). 
antigen (b); in the first dilution with saline 

the extract is poured rapidly 
into the saline instead of vice versa. The standard technique is followed thereafter, 

antigen (c); in the first dilution with saline the extract is floated on the 
saline and mixing is effected slowly, by gentle rotation of 
the tube. Standard technique is 
followed thereafter.

Readings made after 20 hours at 37°C.

serum c.c.
antigen (a). 

0.05 0.1
antigen (b). 

0.05 0.1
antigen (c) 0.03 6.1

Serum. 
Normal (1). + ++
Normal (2). - - - - + +

Syphilitic (1). ++++ +++ ++++ +++ +++ +++

Syphilitic (2) . + ++ ++ +++ ++ ++ ++

antigen control +



Appendix 159

Antigen,

METHOD Of DILUTION with SAIIJE.

SERA, Normal and syphilitic sera, heated for half-an-hour at 55°C,, three hours before use.
ANTIGEN. Three antigens are used, each of which is prepared 

from the same stock cholesterolised heart-extract (A4) hy dilution with the same sample of saline. The 
standard technique is followed in making these dilutions (see Appendix 1) but the temperature of the 
saline varies:
Antigen (a) antigen (b) 
antigen (c)

saline at room temperature, 
saline at 55°C. saline at 100°C.

Saline at, room temperature is used for diluting the sera in 
the tubes for the whole of the tests.
leadings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum e.c. 0.05 0.1 0.05 C)7X. nil

antigen (a). - - +++ +++
antigen (b). - +++ +++ -
antigen (c). - ++ + -



App^dix 1

Antigen*
loraaj and syphilitic sera, heated for half-an-hour at 55 C., three hours before use,

AIELGEB. Four separate batches are prepared from the sane steak 
c holesteroliaed heart-extract (A4) by dilution with the 
same sample of saline. They are all made at the sane 
time and by the same method (Standard Technique; see Appendix l) and they differ only in volume*
antigen (a); total volume = 6 o.c.
antigen (b); total volume = 6 c.o.
antigen (c); total volume = 6 o.c.
antigen (d); total volume = 90 c.o.

Headings made after SO hours at 37°C.

UORMAL SYPHILITIC AHTIGB5Nserum. serum. oontrol.
serum c.c. 0.05 0.1 0.05 6.1 nil

antigen (a). - +++ -

antigen (b). - • ++ -
antigen (c). - - -
antigen (d). - - +.♦ —



Appendix 161

Antigen.

SERA. Normal and syphilitic sera, heated for half-an-hour at 55°C., three hours before use.
ANTIGEN. Four separate batches are prepared from the same

stock cholesterolised heart-extract (A4) by dilution with the same sample of saline. They are all made 
at the same time and by the same method (Standard Technique; see Appendix 1} and they differ only in volume:
antigen (a); total volume = 6 c.c.
antigen (b); total volume = 6 c.c.
antigen (c); total volume =6  c.c.
antigen (d); total volume =90 c.c.

Headings made after 20 hours at 37°C.

NO IMA L 
serum.

SIPHILITIC
serum.. ANTIGEN

control.
serum c.c. 0.65 0.1 0.05 0.1 nil

antigen (a). _ - +++ +++ -
antigen (b). - - ++*► ++
antigen (c). - - ft ++ -
antigen (d). mm - *++ +++ -



Appendix 162.

Antigen.

SERA. Normal and syphilitic sera, heated for half-an-hourat 55°C., ninety-six hours before use.
ANTIGEN. Two separate hatches are prepared from the same stock

cholesterolised heart-extract (A4) by dilution with the same sample of saline. They ate made at the 
same time and by the same method (Standard Technique; see Appendix 1) and they differ only in volume:
antigen (a); total volume = 6 c.c.
antigen (b); total volume = 18 c.c.

Readings made after 21 hours at 37°C.

NORMAL SYPHILITIC ANTIGENserum. serum. control.
serum c.c# O.OS O.T O.Ob b.i nil

antigen (a). - - +++ +++

antigen (b). - - +++ +++



Appendix 163,

Antigen

SBEA. Hormal and syphilitic sera, heated for half-an-hour at 55 C., immediately before use.
ATOSEH. Two separate batches are prepared from the same stock 

cholesterolised heart-extract (A4) by dilution with the same sample of saline. They are made at the same 
time and by the same method (Standard Technique; see Appendix 1) and they differ only in volume:

antigen (a); total volume = 6 c.c.

antigen (b); total volume = 60 c.c.

Readings made after 18 hours jat 37°C.

nORMAXi SYPHILITIC ABTIGEHserum. serum. c ontr ol.
serum c.c. O.OS 0.1 O.Ofe 0*1 nil

antigen (a). 

antigen (b}.

+++

+++ +♦+



Appendix 164.

Antigen

SEBA. Normal serum and syphilitic serum, heated for half-an-hour at 56 C.:-

(2),
(3),

immediately before use.
58 hours before use, and stored at room temperature till required for test.
58 hours before use, and stored in refrigerator till required for test.

Mil GEN. Two separate batches are prepared from the same stock 
eholesterolised heart-extract (A4) by dilution with the same sample of saline. They are made at the same
time and by the same method (Standard Technique; seeAppendix 1) and they differ only in volume:
antigen (a); total volume = 9 c.c.
antigen (b); total volume = 60 c.c.

Readings made after 20 hours at 37°C.

serum c.c. antigen (a). 
0.05 o.i

antigen (b). 0.06 b.l

serum.
NOEMAL (1),(2),(3). - - -
Syphilitic (1). ++++ ++++ ++++ ++++
SyphilitiO (2). *+++ ++++ ++++ +++
Syphilitic (3). ++++ ++++ +++ ++

antigen control.



Appendix 165.

Antigen.

SEBA. Two NORMAL and two SYPHILITIC sera, heated for half -an - hour at 55°C., seven hours before use.
ANTIGEN. Two separate hatches are prepared from the same stock 

cholesterolised heart-extract (A4) by dilution with the same sample of saline. They are made at the same time 
and hy the same method (Standard Technique; see Appendix 1) and they differ only in volume;
antigen (a); total volume = 9 c.c.
antigen (h); total volume = 18 c.c.

Headings made after 20 hours at 37°C.

serum c.c. antigen (&) 
0.05 O.i

antigen (h). o.ofc 0.1

serum. 
Normal (1).
Normal (2). - - - -
Syphilitic (1). + + + + + + + ++++ ++++
Syphilitic (2), + + + + + +++

antigen control. - -

j{
iJl



Appendix 165.

SALINE,
SERA.

Antigen.----

0.85 per cent, aqueous solution of Sodium Chloride.
(a) Normal serum (pooled specimen).
(b) Syphilitic serum (pooled specimen).
(c) Syphilitic serum (individual specimen).The sera are heated for half-an-hour at 55°C. immediately before use.

_______  A 4. As soon as it is prepared a portion of theantigen is placed in a water-bath at 100°C. and kept there for three minutes. It is then removed and allowed to cool for twelve minutes before use in the tests.
The remainder of the antigen (unboiled) is also used fifteen minutes after its preparation.

TECHNIQUE. Appendix 9. Readings made after 20 hours at 37°C.

ANTIGEN.

1 in 6
serum dilution. 

10 £6 46 6o 166

Serum. Antigen.
(a) Normal - - - - - -

Boiled + - - - -

(b) Normal ++++ ++++ ++++ ++++ +++ +
Boiled ++++ ++++ ++++ ++++ +++ ++

(c) Normal +++ +++ ++ + + -
Boiled ++++ +++ +++ + +

Note. No flocculation occurs in the antigen controls.



Appendix 167.

Antigen.

SAII3SE: - 0.85 per cent, sodium chloride in distilled water.
SEHA: - Iformal and syphilitic sera, pooled specimens, heated

for half-an-hour at 54°C. immediately before test. 
Three serum volumes, viz. 0.1, 0.05, and 0.0S5 c.c. 
are tested instead of the customary two of the 
Standard Technique.

AIITIG51I: - A4. The dilution of the cholesterolised heart-extract
with saline is carried out in various ways; -
(a), standard technique (appendix 1).
(b). 10 minutes allowed between first and second

dilutions, .
(c). 15 minutes allowed between first and second

dilutions.
(d). 20 minutes allowed between first and second

dilutions.
(e), 30 minutes allowed between first and second

dilutions.
(f). One volume of extract floated on five volumes of

saline and mixed SLOWLY by rotation 
of tube.

(g). One volume of extract diluted rapidly, all at
once, with five volumes of saline.

(h). One volume of extract placed in a wide tube and
diluted very slowly by dropping in five 
volumes of saline from a burette (16 drops per 
minute), and shaking the mixture continually 
during the period of dilution.

(a)1 to (e)1 are similar to (a) to (e) except that,
in the primary dilution, 1 volume of extract 
is mixed rapidly with 0.75 volume of saline 
(instead of with an equal volume). In the 
second stage of dilution, sufficient saline 
is added to make the final dilution of the 
extract 1 in 6.

All the antigens are allowed to stand at room 
temperature for 15 minutes after their preparation 
before being added to the tests. They are all 1 in 
6 dilutions of the same cholesterolised heart-extract 
with the same saline, and the whole of the tests 
are placed in the incubator at the same time.

Readings made after 20 hours at 37°C. (Continued)



Appendix 168.

Antigen.

serum o.c.
NOEMALserum. SYPHILITICserum. ANTIGENoontro0.1 0.05 0.025 0.1 0.05 0.025 “nIT

Antigen
(a). - - m +++ +++ + + + -
(D). - - - +++ +++ +++ -

(o) - - + +++ +++ ++ -
(a) - + +++ +++ ++ +
(e) + . + ++ +++ +++ +
Car) + - - ++ ++ +++ -
(g) - - - + . + - -
(h) ++ , ++ + +++ +++ ++ +

(a)'. - •» - ♦+ +++ +++ -
(D)'. - - ♦ +++ +++ +
(e)». - - - + ++ +++ •f
(a)*. + + + ♦ ++ ++ +
(e)«. . + ' + + + ++ ++ + !

Uote. (h) is the?turbid antigen, (a)1 to (e)1 are equally 
turbid, but less so tban (b). (f) is less turbid
than the preceding, but more turbid than (a; to (#}.
(g) is devoid of turbidity but is very faintly 
opalescent.
(a)1 to (e)1 are the most turbid antigens which can be 
prepared from this extract when the dilution is 
effected in two stages.



Appendix 169.

Antigen.
SALIHS. 0.85 per cent, sodium chloride In distilled water.
SERA:- Hormal and syphilitic? sera, pooled specimens, heated

for half-an-hour at 55°C. six hours before test.
AIHGrBU; - A4. The dilution with saline is carried out in variousways: -

(a), diluted SLOWLY, 9 hours before use, by dropping in 
saline from a burette and shaking continually 
during dilution.

(b), routine technique of dilution (appendix 1 ), nine 
hours before use.

(c). routine technique, but with extract and saline 
warmed to 55 C. (15 minutes before use in tests).

(d). routine technique, but with extract and saline 
chilled to 0®C. (15 minutes before use in tests).

(e). similar to (a), but prepared 15 minutes before use.
(f). routine technique. (15 minutes before use in tests)
All the antigens are 1 in 6 dilutions of the same

,, _ , _  . _ , i j_______i.  .» j.1- J-1 ________—

and the whole of the 
at the same time.

tests are placed in the incubator

ISCHHIOURi - A.ppfindir 9. Readings made after 24 hours at 37°C.
(1)NORMAL serum.

1 in 5 10 20 40 80 160 320
Antigen.

(a). ++ ++ +f ++ -
(b). + - - - -
(c), + - - - -
(d) . - - - -

( ® ++ + + + -

- - -

^Continued)



V Appendix 170.

Ant igen.
M W H M k f e M a i

(a) SYPHILITIC 
1 in

serum.
5 10 20 40 80 160 320

Antigen.
(a). +++ +++ +++ +++ ++ + -
(*)♦ +++ +++ ++++ ++++ ++ + r
(c). ++ +++ +++ +++ + + -
(a). ++++ ++++ +++ +♦+ - - -
(©). ++++ ++++ ++++ ++++ +++ ++ +
(f). ++++ ++++ ++++ +++ +

(a) (D) (c) (a) (e) (f)
(3) Antigen Gontrols: + - - - + -



Appendix 171.

Antigen.
SERA. Normal and syphilitic sera, heated for half-an-hour at 56 C., three hours before use.

SALINE. (Electrolyte solution). A stock 8N/5 solution of
Sodium Chloride in distilled water is used, and from 
this the various strengths required for the tests are 
prepared by appropriate dilution with distilled water. (The symbol "N" is used with its customary chemical significance).

ANTIGEN. B2. The dilution of the cholesterolised heart-extract is made with distilled water instead of with saline.The antigen is clear and free from any trace of 
opalescence.

TBCHNIQ.IJE. The test is so arranged that, prior to the addition
of antigen, each tube contains a total volume of 1.0 c.c (serum + electrolyte solution). Tubes 3" x 3/8" are used to facilitate readings.
For the purpose of measuring the four smallest amounts, of serum, dilutions of the serum are prepared with the weakest electrolyte solution such that 0.03 c.c. of a dilution contains the volume of serum required. The NaCl concentrations shown in the table represent the final concentrations of the electrolyte in the tests, 
without however adjusting for the serum present.The contents of every tube are mixed thoroughly after 
the addition both of serum and of antigen.
Readings made after 36 hours at 37°C.

++++ = copious sediment.
+++ = marked sediment++ = slight sediment+ = trace of sediment ̂ s opalescence of mixture but no sediment.

(Continued)



Appendix 172.

Antigen

Normal Serum.

Concentration of serum (per pent).

1/8 * * 2 4 8 16

HaCl
concentration.

16JT/15
8N/I5
4H/15
2N/16
H/16
H/30
H/60
H/120

++++ + + ++ ++++ ?

++++ +++4 + ++ + + + + + ++

+ + ++++ + +++ ++++ ++++ ?



Appendix 173.

Antigen

Syphilitic Serum.

Concentration of serum (per cent) ♦1/8 i t 1 2 4 8 ~T6

HaCl
concentration.
16U/15 - - mm

8JT/15 - m - ++

4H/15 - - - - - ? +++

2H/15 - •* - ++++ ++++

H/16 - - - ++++ ++++

li/30 - - + ++++ ++++

H/60 7 ++++ ++++ ++++ ? ? ++ ++++
H/120 7 7 ++++ ++++ ++ + ++ ++++
H/240 7 7 ++++ ++++ ++++ + ? ++++

Serum controls (with the two highest concentrations of serum) 
show no precipitation.

Antigen controls show commencing precipitation^ (turbidity) 
with HaCl concentration 4^/15 and upwards.

These controls are set up as in the standard Sachs-Georgi 
technique.



Appendix 174.

Antigen.

SE3UM. A Wassermann-negative serum from a case of jaundioe, heated for half -an-hour at 56°C., immediately before 
use. (The serum is eleven days old and it has been stored frozen hard in the refrigerator).

SALUTE. (Electrolyte solution). A series of dilutions of a 
stock 8N/5 solution of Sodium Chloride (N/5, H/lO,H/20, U/40, U/80) are prepared with distilled water, and with each of these a test is set up containing a range of increasing serum concentrations, such that the total volume in every tube is 1.0 c.c.(serum + electrolyte solution).
Each tube then receives 0.5 c.c. antigen.

ANTIGEN. B 2. The cholesterolised heart-extract is diluted with distilled water instead of with saline and the diluted antigen is free from any trace of opalescence. 
The same antigen is used throughout.The contents of each tube are mixed thoroughly after the addition of both serum and antigen and the completed 
tests are Incubated at 37°C for 36 hours.A duplicate set of tests in which the antigen is replaced by 0.5 c.c. of a 1 in 6 dilution of absolute alcohol in distilled water is carried out with serum concentrations of 8 per cent, and 16 per cent.
(serum control).
Antigen controls (electrolyte solutions 1.0 c.c. + 
antigen 0.5 c.c.) are also included.
Precipitation is recorded as in Appendix 171.

(Continued)



Appendix 175.

Antigen

Main Test (with antigen).

Concentration of serum (per cent).jA4r i r~ s 4 ¥ 16

HaCl
4®ne e ntr a ti on.

2IJ/15 - - ++ ++++
N/15 - - - + +++
H/30 - - - +
H/60 7 + +♦+ +++ + i
N/120 7 +++ ++♦♦ ++++ ♦+ ? - j

Seram control (without antigen).

2H/15 + ++ +++ +
I/X5 ♦ +++
H/30 +
H/60
H/120 **

Antigen controls show no precipitation, or opalescence.



Appendix 176.

Antigen

SEHk. Five Hassermann-positive sera (individual specimens)
^or half-an-hour at 56°C., immediately before use. 1 sera are eleven days old and they have been stored frozen hard in the refrigerator).

SAILING. (Electrolyte solution). As detailed in appendix 171.
ANTIGEN and TECHNIQUE. As detailed in appendix 171.

Serum 1.

Concentration of serum (per cent).
1------ 1----- fi 4 8---- 15

Naci
concentration.
21/15 ♦ 44 +++
H/15 - - - 4 44 444

H/30 - - 4 444 ++ +
U/60 ? 44 444 +++ +++ 444 + 4 +
H/120 ? 444 444 444 444 ++ + 444

Serum 2.

2H/15 - - - 4 4 444 444

N/15 -• - 4 4 4 444 444

H/30 - - 4 4 4 444 444

H/60 ? 4 4 4 4 444 444

H/120 ? +4 44 * 4 44 444

(Continued)



Appendix 177.

Antigen

SeromS,

Concentration of serum (per o ent)•i
4r f 1 2 4 ar ..T 5

Had
concentration.
2N/15 + ++ +++
H/15 - - - ♦ ++ +++
H/30 ++ +++ +++ ? •f ++ +++
H/60 +++ ++++ ++++ +++ + ++ +++
H/120 +++ + ++++ ++++ ++++ +++ ++ +++

Serum 4.

2H/15 - - + ++ +++ +++ +++
H/15 - - 7 ++ +++ +++ +++
H/30 ? + +++ +++ +++ +++
H/60 +++ ++++ ++++ +++ +++ +++ +++
H/120 +++ +++ ++++ ++++ ++++ +++ +++

(Continued)



Appendix 178.

Antigen

Seram 5.

Concentration of seram (per cent)."1 “ 141 t 1 2 4 6 16

HaCl 
c one entra tion. 

2H/15 ♦ + ++
H/15 - - - + + ♦ +♦
H/30 +++ ++++ 7 ? 7 +
B/60 +++ + ++++ ++++ ++♦ ++ +♦+ +++
H/120 + ++ + ++++ ++++ ++++ +♦+ ++♦ +++

Serum controls and antigen controls allow no precipitation.



Appendix 179.

Antigen

SERA. One Wassermann-negative serum (6).
Five Wassermann-positive sera (7) - (11).
The sera are heated for half-an-hour at 56°C. 
immediately "before use. All are individual specimens. 
They are 7-14 days old and have been stored frozen 
hard in the refrigerator.

SALOE. (Electrolyte solution). As detailed in appendix 171.
ANTIGEN and TECHNIQUE. As detailed in appendix 171.

Serum 6.

Concentration of serum (per cent) 
1- - - - 1- - - - 2. . "4-- IS--- IS

NaCl
concentration.
2H/15 - - - - -
H/15 - - - - - -
H/30 - - - - - -
H/60 + + +++ +++ ++ ? - -
H/120 + + + +t++ ++++ ++++ ++++ ? -

Serum 7.

2H/15 — - - + ++ +++
H/l« - - - + + + +++
H/30 ? + + + + + +++
H/60 + ++++ ++++ ? ? ? ++
H/120 ? ++++ ++++ ++++i +++ ? +



Appendix 180.

Antigen
Serum 8.

Concentration of serum (per cent)*jl4r i 1 2 4 8 16

HaCl
doncentration.

2H/15 - • - - ? + +
H/15 - - ? + ++
H/30 - • ? + ++
H/60 ? ++++ ++++ +++ +++ + ++
H/120 + + ++++ ++++ ++++ +++ ++ ++

Serum 9.

2E/15 * • - - - ++ ++ + ++++
U/15 - - - ++ +++ ++++
1/30 - - - ++ +++ ++++
15/60 ++ ++++ ++++ +++ +++ ++ + ++++
15/120 ? +++ ++++ ++++ +++ +++ ++++

(Continued)



Appendix 181.

Antigen

Serum 10,

Concentration of serum (per cent).X
4- t 1 2 4 8 16

HaCI
concentration.

2H/15 - + ++ +++ +++ ++++

H/15 . - + +++ + ++ +++ ++++
H/30 + +++ ++++ +++ + ++++ ++++ ++++

H/60 ++++ ++++ ++++ ++++ ++++ ++++ ++++

H/120 ++++ ++++ ++++ ++++ +++ + ++++ ++++

Serum 11.

2H/15 - - - ? ++ +++
H/15 - - - ? ++ +++
H/30 - - - ? ++ +++
H/60 +++ ++++ ++++ +++ + +++ +++
H/120 ++++ ++++ ++++ +++ +++ +++

Serum controls and antigen controls show no precipitation.



Appendix 182

Antigen
SBHA. One Was sermann-positive serum (12).

Five Was sermann-negative sera (13) - (17).
The sera are heated for half-an-hour at 56°C., 
immediately before use. All are individual specimens. 
They are not more than two days old and have been kept 
in a cool place since the withdrawal of the blood 
samples.

SALIHS♦ (Electrolyte solution). As detailed in appendix 171.
ANTIGEN and TECHBiatfE. As detailed 

Serum 12.
in appendix 171.

concentration of serum (per cent).i
4r — 1 2 J- 2 4 8 “IS

NaCl
concentration.
2H/15 - - - - + ++ ++++

H/15 - - - ? ++ ++++

H/30 ? ++ + ? + +++ + + + +

H/60 + + + + ++++ ++++ +++ + + +++ ++++

H/120 + ++ + ++++ ++++ ++++ ++++ ++++ ++++

Seram 13.

2B/15 - - - - - - -
H/15 - - - - - - -
H/30 ? + + - - - -
H/60 + + + + + + + + + + + ? - -
H/120 + + + + + + + + + + + + + + + + -



Appendix 183.

Antigen

Seram 14.

concentration of serum (per cent)♦14 f 1 2 4 1 16

UaCl
oncentration.
20/15 - - - - -
0/15 - - - - - -
H/30 - - - - -

H/60 + + +++ + ? ? - -
H/120 ++ + + ++++ ++*f ++ + ? -

Serum 15.

20/15 - - - - - -
H/15 - - - - - -
H/30 - ? + - - -
H/60 ++ +++ ++++ +++ ? • - -
H/120 + + + +++ ++++ ++++ + -

(Continued)



Appendix 184.

Serum 16.

Antigen

concentration of serum (per cent)X4r i i 2 4 8 16

HaCI
concentration.
2H/15 - - - -
H/15 - - - -
H/30 mm 0m -
H/60 + + + +++ +++ + ? -
H/120 + + + ++++ ++ + + ++++ ++++ ? -

Serum 17. •

2H/15 - - - -
H/15 - - r -
H/30 - - -
H/60 +++ ++ +++ ■»• ? ? -
H/120 ++++ ++++ ++++ ++++ +++ ? -

r +Serum controls and antigen controls show no precipitation. r+.



Appendix 185.

Antigen

SB HA. (1) Pooled normal serum.
(2) Pooled syphilitic serum.
(3) Individual syphilitic serum (Wassermann reaction-.-

strong positive.)
AgTIGBH. A 4.

Appendix 9. A series of increasing dilutions of each 
serum is prepared with saline such that the total volume 
of each dilution is 1.0 c.c. Antigen (0.5 c.c.) is 
then added to every tube and the tests are incubated 
at 37°C for 18 hours.The tests are therefore standard Sachs-Georgi tests 
in which an extended range of serum volumes is used.

serum dilution1 in 5 10 80 40 80 160 Mo

Serum (1) - - - - - - -
Serum (2) ++ +++ + + + + ++++ ++ + ++ +
Serum (3) - mm - - ++ ++++ ++++

The tubes with serum dilutions 1 in 20 and 1 in 10 
constitute the standard Sachs-Greorgi test.



Appendix 186.

Antigen

SERA. Normal and syphilitic sera, heated for half-an-hour at 55 C., four hours before use.
SALINE. (a). 0*8 per cent. NaCl.

(to). 0-2 per cent. NaCl.
ANTIGEN. B2. Three hatches of antigen dilution are prepared:-

(1), diluted with saline (a) as in Standard Technique.
(2), diluted with saline (to) as in Standard Technique.
(3), diluted rapidly, to 1 in 6, with distilled water.
To portions of antigen (3) sufficient 8-0 per cent. 
NaCl solution is added to bring their NaCl concentrat
ions to 0*2 per cent, and 0*0 per cent, respectively. 
These are shown as antigens (4) and (5).

The tests are so arranged that the final concentration of NaCl 
is as shown in the table. Readings made after 24 hours at 37°C.

SYPHILITIC serum (per cent).
1 2 3 4 5 6 8 10

Antigen.
(t)

NaCl * 
0*8 ++ +++ +■+++ ++++ ++++ ++++ ++++ +++

(5) 0*8 - - + +++ ++++ ++++

(2) 0*2 ++•♦•+ ++ +++ ++++ ++++ -H*++ ++++
(3) 0*2 - - - + ++++ ++++ ++++ ♦+++
(4) 0-2 * - - ++ ++++ ++++

* In the duplicate test with NORMAL serum, flocculation (++) 
occurs in these two tubes. There is no flocculation in 
any of the others.

Antigen controls and serum controls show no flocculation.



Appendix 187..

Antigen

SERA. Normal and syphilitic sera (individual specimens) heated 
for half-an-hour at 55°C., immediately before use.

SALINE. A stock 10 per cent, solution of Sodium Chloride in
distilled water is used and the tests are arranged so 
that the concentration of the electrolyte in the tubes, 
prior to the addition of antigen, is as shown. (Total 
volume in each tube of completed test = 1.5 c.c.)

ANTIGEN. B 2. (a) diluted with 0.85 per cent.saline as in Saehs-
Georgi technique.

(b) diluted rapidly with distilled water.
Readings made after 20 hours at 37°C.

NORMAL
serum.

SYPHILITICserum.
serum c.c. 0.05 o.i 0.05 0.1

NaCl
concentration.

Antigen.
H/8 (a)

(b)
mm ++++

++++
++++
++++

H/16 (a)(b)
+++

++++
++

++++

H/32 (a)
(b)

++++
+++

+++
++++

If/64 (a)
(b) -

++++
++++

++++
++++

H/128 (a) 
(b) -

++++
++++

++++
++++

No flocculation occurs in either of the antigen controls.



Appendix 188.

Antigen.

SERA, normal and syphilitic sera (individual specimens) 
heated for half-an-hour at 56°C., immediately before use.

SALIEE. A stock 10 per cent, solution of Sodium Chloride in
distilled water is used and the tests are arranged so 
that the final concentration of the electrolyte in the 
tubes is as shown. (Total volume in each tube of completed test = 1.5 c.c.)

MTIGEn. B 2. (a) diluted with 0.85 per cent., or with 0.425
per cent., saline as in Sachs-Oeorgi technique.

(b) diluted rapidly with distilled water. 
Readings made after 20 hours at 37°C.

concentration of serum (per cent).
6.5 1.0 1.25 2.5 5.0 ^.5 TS.6

UaCl
concentration 

1/8 (a)

Eormal serum.

(b) mm ■
7H/200 (a) + + + ++ ++ - - - -

(b) ' ‘ *• mm ** *

E/8 (a) + + + ++++
Syphilitic

++++
serraa.
++++ ++++ ++++ + + + +

(b) + ++ +++ ++++ ++++ ++++ + + + +

7E/200 (a) + + + + +++ + + - - _

(b) + + ++ +++ ++++ + + + +

No flocculation occurs in either of the antigen controls.



Appendix 189.

Antigen
OPTIMUM ANTIGEN.

Titration of optimum antigen of a new "batch of heart-extract, as detailed in Appendix 6-8.
SERA. Normal 

550C.,
Readings made

and syphilitic sera, heated for haIf-an four hours before use.
after 19 hours at 37°C.

-hour at

NORMAL SYPHILITIC ANTIGENserum. serum. control.serum c. c. 0.05 0.1 0.06 0.1 '"nil

antigen.
A 1. + + + ++
A 2. ~ silky- silky silkyA 3. silky silky silkyA 4. ** +++ +++ ••

B 1. mm + +  ++
B 2. - - +++ +++ -

B 3. s ilky silky silky
B 4. silky silky silky

C 1.
I

+ +
C 2. silky s ilky r silky
C 3. silky silky silky
C 4. + + ++

lote. The term "silky" denotes a watered-silk appearance  suggestive of partial separation 9f the cholesterol
from the mixtures. It renders the estimation of 
flocculation almost impossible.



Appendix 190,

Antigen,

OPTIMUM AJmSEff.

SEBA. Individual sera (whose Wassermann reactions are known)
heated for half-an-hour at 56°C.» four hours before use

AHTIGEH, A4 and B2. These were selected as the two best antigens
in the titration shown in Appendix 189.

Readings made after 21 hours at 37°C.

 Antigen A4. Antigen B2,serum c.c, 0.66 6,1 6,66 671

Serum. Wassermann
reaction.

1. weak positive + +++ + ■ ++
2. negative - - - -

3, weak positive +++ ++ + ++ +++
4. positive + ♦ .+ ♦
5. negative - 4m -
6. weak positive +++ +++ +++
7, positive ++++ ++++ ++++ ++++
8. negative - - m -

9. negative + -
«•

10. negative m **

Bo flocculation occurs in either of the antigen controls.



Appendix 191,

Antigen

OPTIMUM ANTIGEN.

SERA, Individual sera (whose Wassermann reactions are
known) heated for half-an-hour at 55°C., four hours before use.

ANTIGEN. A4 and B2. These were selected as the two best 
antigens in the titration shown in Appendix 189.

Readings made after 20 hours at 37°C,

Antigen A4. Antigen B2.serum c.c. 0.05 0.1 0.05 0.1

Serum.
11.

Wassermann
reaction.
suspicious

12, positive - - - 99

13. negative - - -
14, weak positive + - ♦ ♦
15. negative +

m*

• + ♦
16. pos itive - - 9m ♦
17. nega tive - - m -
18. negative •» + 99 -
19. positive - - m -

No flocculation occurs in either of the antigen controls.



Appendix 192.

OPTIMUM ANTIGEN.

SERA. Individual sera (whose Wassermann reactions are known)
heated for half-an-hour at 55 C., four hours beforeuse.

ANTIGEN. A4 and B2. These were selected as the two best antigensin the titration shown in Appendix 189.
Readings made after 20 hours at 37°C.

Antigen A4. Antigen B2.serum c.c. 0.05 O.T 6.Ob 0.1

Serum.
Wassermann

reaction.
20. suspicious + + - -
21. positive - - - +
22. positive + + ♦ ♦
23. positive - •m • +
24. negative + + ++
25. suspicious + - «p» +
26. negat ive - - -
27. negative + + +
28. positive «*■ + + + +

No flocculation occurs in either of the antigen controls.



Appendix 193.

Antigen

SERA. Individual: sera (whose Wassermann reactions are known)
heated for half-an-hour at 55°C., zfbur hours "before use.

ANTIGEN. A4 and B2. These were selected as the two test antigens
in the titration shown in Appendix 189.

Readings made after 20 hours at 37°C.

serum c.c. Antigen A4.
0766 ..0.1

Antigen B2. 
'6. OB’ 0.1

Serum.
Wassermann
reaction.

29. weak positive ++ ++ ++ +++
30. weak positive ++ +++ +++ +++
31. positive +++ ++++ +++ ++++
32. negative - - + +
33. negative +•+ + +
34. negative + ++ + ♦
35. negative - mm ♦ +

36. positive +++ + + + +♦ +++
37. mega tive - + +
38. weak positive - + + + +
39. positive - — + +

No flocculation occurs in the antigen control A4, "but 
doubtful flocculation ( + ) is present in the antigen 
control B2.



Appendix 194.

Ant igen

OPTIMUM ANTIGEH.
SERA. Individual sera (whosie Wassermann reactions are known)

heated for half-an-hour at 55°C., four hours "beforeuse.
AgTIGEE. A4 and B2. These were selected as the two best

antigens in the titration shown in Appendix 189.
Readings made after 20 hours at 37°C.

• serum c.c. Antigen A4. 
0.05 0.1 Antigen S2. 

O.oS o.l
Was sermann

Serum. reaction.
40. negative - - + +
41. negative - - + +
42. negative - mm + -

43. weak positive + + + + ++++ + + +
44. positive - mm +rnm +
45. negative + ++ + +
46. negative - - + +
47. positive + + + ++ + + +

00 • negative - + + +
49. negative — — + +

Ho flocculation occurs in the antigen control A4, but 
doubtful flocculation ( + ) is present in the antigen control B2.



Appendix 195.

Antigen

OPTIMUM ANTIGEN.

Summary of Appendix 189 to Appendix 194.

As a result of the preliminary titration (appendix 189) 
extract dilutions A 4 and B 2 were chosen as the two best. 
Subsequently, parallel tests were carried out with 49 
individual sera, using these two cholesterol!sed extracts as antigens. The results of these tests and of the 
Wassermann reactions are shown in Appendix 190 to Appendix 194.

Antigen. A 4. B 2.

Wass.R. + S tG.R. + or + 14 15
Wass.R. + S **G • R • - 8 7
Wass #R. + S-G.R. + 1 nil
Wass.R. + S-G.R. - 2 3
Wass.R. - SrG.R. + or + 5 4
Wass.R. S-G.R. - 19 20

Note day c£ comparative failure of both antigens (appendix 191
192)



Appendix 196.

Antigen

OPTIMUM ANTXSBN.

Titration of optimum antigen of a new batch of heart-extract, as detailed in Appendix 6-8.
SEBA. Normal and syphilitic sera, heated for half-an-hour at 56°C., immediately before use.
Headings made after 20 hours at 37°C.

NORMALserum. SYPHILITICserum. ANTIGENcontrol.serum c.c. 0.05 0.1 0.05 0.1 " nil" '

antigen. 
A 1. + + ++ ++
A 2. - + + ++ -
A 3. silky ++ ++ silky
A 4. silky ++ +++ silky

B 1. silky + + + s ilky
B 2. - - +++ +++ -

B 3. silky +++ +++ silky
B 4. + + +++ ++++

C 1. silky +++ +++ silky
C 2. silky +++ +++ silky
C 3* silky +++ +++ silky
C 4. silky +++ +++ silky

Note. The term "silky" denotes a watered-silk appearance suggestive of partial separation of the cholesterol 
from the mixtures.



Appendix 197.

Antigen.

OPTIMUM AUTIGEH

Titration of optimum antigen of the same hatch of heart- 
extract and the same cholesterol solution, on different 
occasions, using three different syphilitic sera (pooled specimens).
SERA. Syphilitic sera, heated for half-an-hour at 55°C., not more than three hours before use.

A normal serum is included as a control with each set of tests.
TECHNIQUE. As detailed in Appendix 6 - 8 .
Readings made after 20 to 24 hours at 37°C.

serum c.c. • SERUM0.05 (x).0.1 SERUM (2).
o.oS 0.1 SERUM ’5.0W (3).0.1

antigen .
A 1. - + + + + ++
A 2. + + + + ++ ++
A 3. + ++ + + + +
A 4. +++ +++ + + + + + ++ +++

B 1. + + + + + +
B 2. ++ ++ ++ ++ + +
B 3. +++ ++ +++ +++ ++ +
B 4. ++ + + ++ +++ ++ ++

C 1. ++ + + + ■ + ±
C 2. ++ ± +++ +++ +
G 3. ++ + +++ +++ ++ +
C 4. +++ +++ +++ ++++ +++ ++

Hote. Ho flocculation occurs in any of the antigen controls,
— hut the C4 antigen shows flocculation ( + ) in t^e

presence of HORMAL serum, at all tests.



Appendix 198.

Antigen.

OPTIMUM AMTIG-EU.

Titration of optimum antigen of the same hatch of heart- 
extract and the same cholesterol solution on three 
occasions with portions of the same syphilitic serum 
(pooled specimen).
SEBUM. Syphilitic serum, separate portion of which are 

lieated for half-an-hour at 55°C. immediately before use.
TECHNIQUE. As detailed in Appendix 6 - 8 .
Headings made after 20 to 22 hours at 37°C.

1st. test. 2nd. test. 3rd. test.
serum c.c. 0.05 0.1 o.oS 0.1 o.o5 0.1

antigen. 
A 1. + + + + + +A 2. + + + + + +A 3. + + + + + ++A 4. ++ +++ +++ +++ +++ +++

B 1. + + + + + + +B 2. ++ + + + + + + + + + + +B 3. + + + + + + + ++ + + + + + + + + + + +B 4. + + + + + + + + + + + + + + + + + + + + +

C 1. + + ++ ++ + ++C 2. +++ +++ +++ . + ++ ++ + +++
C 3. +++ +++ +++ +++ +++ +++
C 4. +++ ++++ +++ ♦+++ ++ + +++

Bote. Bo flocculation occurs in any of the antigen
controls, hut the C4 antigen shows flocculation
( + ) in the presence of BOBHAL serum, at all tests.



Appendix 199.

Antigen

OPTIMUM ANTIGEN

Titration of optimum antigen of the same hatch of heart- 
extract and the same cholesterol solution on three occasions 
with portions of the same syphilitic serum (pooled specimen).
SERUM. Syphilitic serum, separate portions of which are

heated for half-an-hour at 56°C. immediately before use.
TECHNIQUE. As detailed in Appendix 6-8.
Readings made after 20 to 24 hours at 37°C.

1st. test. 2nd.test. 3rd. test.serum c.c. 0.05 0.1 o.ob 0.1 0.05 0.1

antigen. 
A 1. ++++ > ++ * +++ ++++ ++++
A 2. ++++ ++++ ++++ ++++ ++++ ++++
A 3. ++++ ++++ ++++ ++++ +++ +++ +
A 4. ++++ ++++ ++++ ++++ + +.+ +++

B 1. ++++ ++++ +++ +++ ++++ +.+++
B 2. ++++ ++++ ++* ++ ++ + + +
B 3. ++++ ++++ + ++ +++ + +++
B 4. ++++ ++++ ++ +++ + + +++

C 1. +++ +++ ++ + + ++
C 2. ++++ ++++ ++ ++ ++ ++
C 3. ++++ ++++ ++ ++ +++ +++
C 4. ++++ ++++ +++ ++++ ++ + + ++++

Note. No flocculation occurs in any of the antigen controls,
hut the C4 antigen shows flocculation (++) in the
presence of NORMAL serum, at all t^sts.



Appendix 200.

Antigen.

OPTIMPM ANTIGEN.

Titration of optimum antigen of the same batch of heart- 
extract and the same cholesterol solution with three 
different syphilitic sera (pooled specimens), the tests 
being carried out in parallel at the same time.
SERA. Syphilitic sera, heated for half-an-hour at 56°C.,

immediately before use.
(A normal serum is also tested, as a control).

TECHNIQUE. As detailed in Appendix 6-8 . Each antigen is 
tested with three syphilitic sera.

Headings made after 20 hours at 37°C.

serum c.c. SEEHM
0.05 (1).0.1

SERUM0.05 (2).
0.1

SERUMo.ofe (3). 
.. 0.1

antigen.
A . 1. ++++ ++++ + ++ + + + + + + + +
A 2. ++++ ++++ +++ +++ + ++ + + ++ +
A 3. +++ +++ ■ • + +++ +++ + + + +
A 4. +++ ++ +++ ++++ + + + + + +

B 1. ++++ +++ +++ ++++ ++++ ++++
B 2. % ++ ++ +++ +++ ++ +++
B 3. +++ ++ +++ + ++++ ++++ +++
B 4. +++ +++ +++ +++ + + +++

C 1. + ++ +++ +++ + ++
C 2. + ++ +++ +++ ++
C 3. +++ +++ +++ +++ +++ +++
C 4. ++++ .++++ ++ +++ ++++ ++++

Note. No flocculation occurs in any of the antigen controls,but the G4 antigen shows flocculation (++) with
NORMAL serum



Appendix 201.

Antigen

2M2&MTS.08 of HEART-EXTRA. CT (after Meinicke). 
(Ether -insoluble lipoids).

Human hearts which have been carefully freed from surface 
fat are minced finely.
The minced heart is dried in a hot-air oven at 50°C., 
or on a water-bath at the same temperature, and when 
completely dry it is ground to a fine powder. (A coffee-mill 
is useful for this purpose).
5.0 grammes of the powdered heart are extracted for one 
hour, in a shaking machine, with 45.0 c.c. of anaesthetic 
ether. The mixture is then filtered through paper and the 
residue on the filter is dried in the incubator at 37°C.
When thoroughly dry it is treated with 45.0 c.c. of absolute 
alcohol and extraction is allowed to proceed at room 
temperature for twenty-four hours. The mixture is shaken 
repeatedly during this period. It is finally filtered through 
paper and the filtrate constitutes the extract of ether- 
insoluble lipoids used in the test instead of the usual 
Sachs-fceorgi extract.



Appendix 202.

Antigen.

OPTIMUM ANTIGEN.

Titration of optimum antigen of a batch of he art-extract 
prepared according to Meinickefs method (see Appendix 201).
SERA* Normal and syphilitic sera, heated for half-an-hour 

at 55°C., twenty-four hours before use.
TBCHNIQ.IK. As detailed in Appendix 6-8 , but using the

Meinicke extract as the basis for the antigens instead 
of a Sachs-Georgi extract.

Readings made after 20 hours at 37°C.

NORMAL SYPHILITIC ANTIGEN
serum.  serum. control.

serum c.c. 0.05 0.1 O.O'B oTT nil

antigen.
A 1. - - ++++ +++ + -
A 2. - - ++++ ++++ -
A 3. - - ++++ ++++ -

A 4. - - ++++ +++ + -

B 1. - - ++++ ++++ -

B 2. - - ++++ ++++ -

B 3. - - ++++ +++ + -
B 4. - - ++ + +++ + -

C 1. - - + +++ + +++ -
C 2. - ++ + + + + + -
C 3. - - ++ ++ + -
C 4. - - + • + + -

Note. Where flocculation is recorded above as ++++, the
  flocculi are even coarser than those usually seen when

a Sachs-Georgi extract is used.



Appendix 203.
Antigen,

OPTIMUM ANTIGEN.
Titration of optimum antigen of a batch of heart-extraet 
prepared from the acetone-insoluble lipoids of human heart.
EXTRACT.

SERA.

5.0 grammes of powdered heart (prepared as detailed 
in Appendix 201) are extracted for forty-eight hours 
at room temperature with 45.0 c.c. of acetone, and 
shaken frequently. The mixture is then filtered 
through paper and the residue is dried on a water- 
bath at 60^C., When thoroughly dry it is treated 
with 45.0 c.c. of absolute alcohol and extraction is 
allowed to proceed at room temperature for forty-eight 
hours. The mixture is shaken repeatedly during this 
period. It is finally filtered and the filtrate 
constitutes the extract used in the test instead of 
the usual Sachs-Georgi extract.
Normal and syphilitic sera, heated for half-an-hour 
at 55°C. , twenty-four hours before use.

TECHNIQUE. As detailed in Appendix 6 - 8 . 
Readings made after 20 hours at 37°C.

o$2* SERUM. SYPHILITIC serum. ANTIGENcontrol.serum c.c. 0.05 0.1 0.05 . 0.1 nil

antigen. 
A 1. +
A 2. - - - + -
A 3. - - + ++ -
A 4. — — + ++

B 1. _ + ++
B 2. - - ++ +++ -
B 3. - - ++ +++ -
B 4. — — ++ ++++ **

C 1. — ++ ++++ -
C 2. - - ++ ++++ -
C 3* - - +++ +++ —
C 4. —• ** +++ ++++



Appendix 204.

Antigen

H - ion concentration.

SALINE, (a) 0.75 per cent, solution of NaCl in distilled 
water pH = 5.8

(b) the same + weak HaOH solution to give pH = 6,4
(c) the same + weak HaOH solution to give pH = 7.5
(d) the same + weak HaOH solution to give pH = 9.0

SEBA. One normal serum and two syphilitic sera (pooled 
specimens) heated for half-an-hour at 56°C., two 
hours before use.

TECHNIQUE. Parallel Sachs-Georgi tests in each of which one
of the above salines is used throughout (i.e., for 
diluting the serum and for the preparation of the 
antigen - A 4).
Readings made after 20 hours at 37°C•

NOIMALserum.
SYPHILITIC serum (1) SYPHILITIC serum (2)

serum c.c. 0.05 0.1 0.05 0.1 0.05 0.1

Saline.
(a) - ++++ ++++ +++ ++++
(h) - ++++ ++++ +++ + +++
(c) - ++++ ++++ +++ ++++
(a) ++++ ++++ +++ ++++

Ho flocculation occurs in any of the antigen controls.



Appendix 205.

Antigen

1 - ion concentration.
SALIHE. (a) 0.85 per cent, solution on HaCI in distilled 

water pH = 5.6
(b) the same +,weak HaOH solution to give pH = 6.8-7.0
(c) the same + weak RaOH solution to give pH « 7.6
(d) the same + weak RaOE solution to give pH = 9.5
(e) the same + weak RaOK solution to give pH - 10.5+

SERHM. Syphilitic serum, heated for half-an-hour at 55°C., 
immediately before use.

(EECHRIQUB. Parallel Sachs-Georgi tests in each of which one of 
the above salines is used throughout (i.e. ,for 
diluting the serum and for the preparation of the 
antigen - A 2).
Readings made after 20 hours at 37°C.

SYPHILITIC S3 RUM. AHTIGERcontrol.serum c.c. 0.1 0.05 0.025 "■ O.OI25 nil

Saline.
(a) + ++ +++ + + +
(b) +++ +++ + + + -
(c) +++ +++ + + + -
fd) ++++ +++ + + + -
(e) ++++ +++ + + + -

Rote. A normal serum, tested im parallel, as control, showed 
" no flocculation in any of the tubes.



Appendix 206.

Antigen

H - ion concentration.
[Titration of optimum antigen using (a), heart-extract and 
absolute alcohol without adjustment of their reactions,
(b), the same heart-extract and absolute alcohol with 
reaction of each adjusted to pH = 5.6 (approx).
The same cholesterol solution is used throughout.
SALIHS. 0.85 per cent. HaCl solution. pH = 5.6 (approx).
SEHDM. Syphilitic serum heated for half-an-hour at 56°C., 

immediately before use.
Headings made after 24 hours at 37 °C.

Reaction :- 
serum c.c.

Unadjusted.
0.05 0.1

Adjusted. 
0.05 0.1

Antigen.
A 1. + + +A 2. + + ++ +++A 3. + + ++■♦• ++++A 4. ++ +++ ++++ ++++

B 1. + +++ +++
B 2. ++ ++ +++ +++
B 3. +++ +++ +++ +++
B 4. ++•* +++ +++ ++++

C 1. + + ++ + +++
C 2. +++ +++ +++ +++
C 3. +++ +++ +++ +++
C 4. +++ ++++ +++ ++++

Ho flocculation occurs in any of the antigen controls, but 
HOHMAL serum flocculates,f+) in the presence of the C4 antigen.



Appendix 207

Antigen
5 -‘ion concentration.

Titration of optimum antigen using fa), heart-extract 
and absolute alcohol without adjustment of their reactions 
(b), the same heart-extract and absolute alcohol with 
reaction of each adjusted to pH = 5.6 (approx).
The same cholesterol solution is used throughout.
SALIHS. 0.85 per cent. HaCl solution. pH = 5.6 (approx).
SERUM. Syphilitic serum, heated for half-an-hour at 

56°C., immediately before use.
Readings made after 24 hours at 37°C,

REACTION:- UNADJUSTED. ADJUSTED.
serum c.c. 0.05 0.1 0.05 0.1

Antigen. 
A 1. + ++ ++ +++A 2. ++ ++ ++++ ^+++A 3. . + + ++++ ++++A 4. ++ +++ ++++ ++++

B 1. + + +++ +++B 2. + + ++ ++B 3. ++ + + ++B 4. ++ ++ ++ +++

C 1. + + ++ +C 2. + + ++
C 3. + + + ++ ++C 4. +++ + + +++ ++++

Ho flocculation occurs in any of the antigen controls, but Hormal serum flocculates ( + ) in the presence of the 
C 4 antigen.



Appendix 208,
Antigen,

H - ion OOHCEHTRATIOH.
SEBA. Sera, whose Wassermann reactions are known, heated for 

half-an-hour at 55°G. immediately "before use.
AMIOT. (a), stock cholesterolised heart-extract (A4).

(b), the same with its reaction adjusted to pH = 5.6
by the addition of 0.14 c.c. H/l HaOH per 100 c.c. These are diluted with saline (pH = 5.6 in the usual 

manner (see Appendix l) for use in the tests.
TBCHUIQUE. Appe ndix 9. Readings made after 20 :hours at 37°C.

serum dilution: - 1 in 10 20 40 80 160

Wass.R. Antigen.
(1) positive (a) ++ ++ ++ + +j;(b) +++ +++ ++ +

(2) suspicious (a) + - - -
(b) + + - - —

(3)weak positive* (a) +++ +++ ++ + +
(b) +++ +++ ++ '+ +

(4) positive (a) *h t + - -
(b) + ± «*• — —

(5) negative (a) - - - - -
(b) — — — — —

(6) positive (a) + + ++ + + -
(b) +++ ++ * + —

(7) negative (a) - - - - -
(*) •*

Ho flocculation occurs in either of the antigen controls.


