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THE SYPHILIS FLOCCULATION TEST

with special reference to

The SACHS-GEORGI reaction.
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The application by Wassermann, Neisser and
Bruck of the principle of the Bordet-Gengou complement-
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. The 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 sccepted 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
explhined 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 mamny
workers during the past twenty years is convincing, and
fully warrants the conclusion that, in Britain, a
positive reaction indicates syphilitic infeetion. It is
of course essential for the walidity of this conclusion
that the positive resmlt should have been obtained by a
worker conversant with serological methods, and employ-

-ing adequate control of the particular modifiecation of
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the technique of the test whieh he may favour.

In the case of a negative reaction however
a similar degree of certainty is unfor tunately lacking
and it is well known that in a groportion of cases of
und cubted 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 reliasbility 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 burien of
much with which it has beem, 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,
wouid be simpler in its application and, if possible,
less prone to those fallacies which, in the Wassermann
test, have to be guarded against by rigorous control
of each of the participating reagemts. Of special
importance in this latter respeect is the complement;
a reagent which varies markedly both in deviability and
haemolytic activity, two biologieal properties on which
the Wassermann test depends and both of whieh are
peculiarly unstable. A serological method for the
deteection of syphilitic infection which could be carried
out without recourse to the use of complement has mueh
therefore to commend it. That such might be practicable
was noted very shortly after the original contribution
of Wasgermann 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) amd the serum of a syphilitic patient,
no other reagents being yresent. Much work has sinece
been undertakeﬁ 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 Georgi for a iarge amount of research
* 7he 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
Ameriea ---- have introduced various modifications in
technique but, in each instanee, the principle is
egssentially the same and the tests associated with

these names all depend on the presence of flocculi
(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 slternative serological test for the
detection of syphilitic infection is of great interest,
it fails signally to be of praectical 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.
Phe Wassermann test has been thoroughly exploited and |
as its deficiences and difficulties are well recognised
allowance can be made for them. Cemplex and little
understood though its various biological reagents are,
ome 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 emntitles it; It is the
object of this thesis to show that, in the present
state of its evolution, the syphilis floccula tion
reaction falls considerably short of what is reasonably
demanded of a substitute for the Wassermann test, and
that although its teehnique is much simpler than that
of the latter, and its results on the whole closely
corresponding, yet as a practical method its routine
use is associated with difficulties which tend to
render its behaviour capricious, and which frequently
make the result a matter of individuwal opinion rather
than of undoubted fact.

When these studies were commenced, two
me thods of carrying ouft the flocculation test had
commended themselves more than others, both on account
of their simplicity and the favourable results which
they were yielding in the hands of different workers.
One of these, the Meinicke teat, 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 Taniguchi
and Yoshinere and also, in modified form, by Dreyer and

Ward. As the Sachs-Georgi technique was even simpler

than the Meinicke it was adopted as the standard for
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- the preliminary studies and if a deseription of the method
18 given here it will obviate the necessity for much
repetition in the text,

Apparatus:

Sachs -Georgi Test.

@lass beaker, for saline.

Gradusted pipettes (1.0 and 0.1 c.c.) with
mouthplece and is-rubber tube.

Pest-Tubes (3" x "), sterilised in a hot-
-air oven.

Racks for tubes.

Water-bath at 100 °C. for sterilising beaker
and pipeties.

Water-bath at 559C. for heating serum.
Incubatar at 37°C.

Reagents: Saline. 0.85 per cent. solution of pure Sodium

Chloride in distilled water; heated in
Koch steriliser.

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

oT absolute alcohol in saline.

Serum. Human serum which has been heated in the

water-bath at 550C for half-an-hour, some
hours before use.

Antigen. A 1l in 6 dilution with saline of a

cholesterolised alcoholic-extract of human

heart muscle. (The preparation of this

extraet 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.

I% 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 sides 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 ami,

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
ringsed with absolute alcohol both before and
after the measurement of cholesterolised
heart-extract.

Tube No. 1 g  0EFEOLe
Saline, CeCo 0.9 0.9 0.9
Serum, c.Ce 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 alcohol-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. 1In the case of
the positive serum it Im preferable, if
possible, to use one which causes
relatively feeble floceulation, i.e. a
weakly-reacting serum,

(2). An antigen control is indispenssble. It
consists of a tube containing saline 0.9
c.c. + antigen 0.5 c.e. If at the end

of the period of



(8)

incubation this tube shows any flocculation or
granularity, the results of the main tests
cannot be accepted.
Readings 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 haie 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 obliocue illuminat-
ion of the contents of the tube while being viewed against
& dark background.
Pine flocculi just visible to the naked eye are

recorded as: o oo +
Definite flocculi in a turbid fluid: cee ++
Plocculant sediment with supernatant fluid

S].ightly tul‘bid: o0 oo ++4
Coarse floceculant sediment with clear supernatant

fluid: ceoe coe +4+++

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 causing 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

cbntrdl 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 POSITIVE reaction, provided also that no flocculi are
visible in Tube 3.

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

lation and

(b), lack of uniformity in the behaviour of the same
sample of syphilitic serum when tested on more than one
oecasion; 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, 1t 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 slthough but little stress is 1laid 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), amother 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 but in later publications they indicate
that 2 hand lens will also serve the purpose. In the
case of the modified Sachs~Georgi technique which is
employed in France in "syphilimétrie”, its originator,
Vernes, 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 but
“has devised a somewhat complicated and expensive type
of comparator whose use he regards as obligatory if the
records, even of experienced>workers, are t0 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 fooling from the Wassermann
" test. In the latter, there is no Jjustification for any
gross discrepancy between the readings of a given test
by different obsexvers. Haemolysis is a convincing snd
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. 1In the Sachs-Georgi
reaction, on the other hand, the actual reading of a
result is of itself often a matter of opinion, and

jndividual opinion may of couxse be fur ther involved
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in interyreéing this result (cf. Logan; Wang).

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

the same sample of syphilitic serum by the Sachs-Georgi

technique.
control.
~ Tube_No. 1. 2. 3.
9:10:22 antigen (4) r+t4 T -
antigen (B) 44 4 -
10: 10: 22 antigen (A + - -
antigen (B - - -
11:10:22 antigen (A) et PO -
' antigen (B) . 4+t -

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 Vemereal
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Diseéses Treatment Centre, and it is not more than five
days old at the time of the first Sachs-Georgi test.

It has been stored in an ice-box and is kept there |

in the intervals between the tests. The portion used on
9:10:22 is heated at 58°C. for half-an-hour, twenty-
four hours before testing; that for 10:10:22 at 54°C.
for half-an-hour, six hours before testing; and that
for 11:10:22 at 55°C. for balf-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 = 6.8, The same cholesterolised heart-extracts are
used in the preparation of the antigens and the totsl
volume of each éntigen dilutien 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 suthor 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 occasioms.

Phe 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 whieh occur in the Sachs-Georgi
reaction but, although extreme, it is not the only
one of its kind whieh has been encountered (cf.
appendix 191-192).

it is specially noteworthy on account of
the completeness of the control of each of the
reagents since, on the three successive days, these
were not merely similar, they were idemtical. Serum,
saline, and cholesterolised heart-extraets 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 be no
ques tion of any abnormality on the part of either of
the batches of cholesterolised heart-extract used in
the preparation of the antigens. Each was an optimum
antigen, as determined by the ﬁethod detailed in
appendix 6, and the stocks fram 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 Sachs-Georgi antigens with which
I have worked. The saline (0.75 per cent. NaCl)
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 10:10:22, 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 viz. pH = 5.8. It will be noted
that there is a difference in the temperature at whiech
the portioms of sérum were heated for the three tests,
and also in the time interval prior to the test at which
the heating was carried out. Thst 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 ooccasion.
The preparation of the Sachs-Georgi antigen involves the
dilution of cholesterolised heart-extract with saline,
with the 1mmediatevappearance 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 shown
that the physical state of the antigen bears some
relationship to 1ts sensitiveness (vide, Browning and
Mackenzie] , and a similar relationship is implied in

‘ the case of the Sachs-Georgi reaction and its various
modifications (Meinicke, Vermes, Sigma, Kalm) by the
precautions which are taken fo 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 studles however all attempts
40 demons trate such a relationship have proved unsuccess-
ful. By no minor variation of the standard method of
dilﬁtion has it been possible to abolish, or even
merkedly to lessen, the sensitiveness of an antigemn, and
yet on many occasions dilutions prepared with customary
care in the routine manner have proved much less sensitive
than usual. Now 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 oceur 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 chances to be only feebly sensitive. Such an
antigen may give fairly definite, or evem very marked
(++++), floeculation with some syphilitie sera, e.g.
with the positive control, while with others the
flocculation is so fine that it is lisble to be over-
looked even on very careful examination of the tubes.
In my experience this difficmlty is of much more frequent
occurrence than perusal of the literature might suggest,
and it cannot be gainsaid that it constitutes a serious
disadvantage of the flocculation test. 48 8 source of
fallacy in results it has been encountered muckh too often
to permit of its being passed over lightly, and it is
unfortunately not a fallaey which can ezsily be guarded
against by controls whick are practicable in routine work.
In view of these two major difZiculties which
oecur in the routine use of the Sachs-Georgli technique an
experimental investigation of tke 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 {0 being grouped under
four main headings: -
(A) SALINE ; (B) SERWK ; {C) ABTIGRE ; (D) METHOD OF TEST,
and they are presented in this Form in the following pages.
It may be noted that, n‘nles‘s it is otherwise indicated,

pooled samples of negatively-reseting and positively-react-
ing sera have been used in all the experimental work,
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and that the latter were derived invariably from cases
of clinical syphilis with a positive Wassermann ieactien.
Details of these pooled sera are given in appendix 10.
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(A). SALINE.

Varied Concentration of Sodium Chloride. The effeef of

varying the concentration of Sodium Chloride was studied
first as it seemed desirable to determine preliminarily
whether the behaviour of normal and syphilitie serum in
the Saehs~Georgl test was modified in any way by such a
proceduret A stock 10 per cent. solution of pure NaCl

in distilled water was prepared, filtered through paper,
and stored at room temperature in a sterile, chemically
clean, glass~-stoppered bottle. From this stoeck 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, amd not directly, except in the
case of the first, from the stock 10 per cent. solution.
Parallel Sachs-Georgi test with normal and with syphilitie
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-Georgl reaction,
or on the intensity of the flocculation whiech occurs in
the presence of syphilitic serum.

These are tabulated in appendix 22-27 and they may be
summarised as follows: -

When the saline contains 1 per cemt. or more
of sodium chloride there is an increasing tendency for
some flocculation t0 occur in the presence of normsl \
serum, and if the sodfium 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 inhibi ted

by normal serum, i.e. that floecculi 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 ﬁas been observed the effect has been limited v
sinee, with still greater concentrations of sodium chloride,
floeculation occurs both in the antigen cantrol 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 rresence of the electrolyte is essential for
the purpoée 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 rresent, 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 syphilitie
serum, but when tap~water was used fine but wundoubted
floeculi 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 on 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 serum
on different occasions cannot be due to slight
differences in the sodium chloride content of the
salines which may be used; some other factor must be
responsible.

This conclusion is in keeping with what has
been recorded by Munster, but Sachs and Georgi specifie-
ally recommend the use of 0.85 per cent. salihe since it
had been\found by Georgl, Georgl and Lebenetein, and
Brandt that with weaker NaCl solutions there was a
tendency for positive reactions to be less intense.

I have not been able to confirm these observations as %o
the prime importance of 0.85 per cent. concentration.

Over a consliderable period, on several
occagions, 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 floccmlation 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. Sinee the

presence of electrolyte had been shown to be essential

it seemed desirable to study the effeet of wvarying 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 borme in mind, and the H-ion o ncentration 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 instancegjha series of
parallel tests has been carried out in which the only
variant was the concentration of the particular electro-
lyte.

Sodfum acetate. 1lla. 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.
ocresotinate (ortho-)

34, 35.
Sodium cregsotinate (para-)
26, 37.

cyanide. 38, 39.
ferrocyanide.40, 41.
formate. 42, 43.
hypophosphi te.
44, 45, 46, 471.

e
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Sodium hyposulphite. 48, 49.

iodate. 50, 51, 582.
iodide. 53, 54.
molybdate. 55, 56.

nitrate. 57, 58.
nitroprusside. 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.

sulphi te. 3, 4.
sulphocyanide. 75, 76, 77, 78.
tartrate. 79, 80.

taurocholate. 81.
(The numbers indicate the pages in the Appendix on which
the experiments are shown.)
In general, a 1 per cent. solution of the chemically pure
salt in distilled water has constituted the stoek supply
from which the weaker solutions have been prepared, amd,
in order to eliminate as far as possible differences due
t0 individual peculiarity on the part of a particular
bateh 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 permissibple.

The syphilitic serum for these tests was always a pooled
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specimen consisting of at least six sera eaeh of whieh
gave a strongly positive Wassermann reaction; the aetual
complement-fixing power of such pooled sera has been deter-
mined from time to time and it uswuwally lay at upwards of
20 minimum hsmolytic doesesof 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~-Georgl technique was employed but, in place of the
usual saline, the different electrolyte solutions were
substituted in tnrn; i.e. the electrolyte sblution 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
1ist, 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.
tribasic phosphate, cyanide, borate, sulphite, chromate,
benzoate, molybdate) ¥ielded antigens devoid of turbidity,
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and usually devold even of faint opalesecence. With such
antigens only slight flocculation, or no floecculation,
occurred in the presence of syphilitic serum. The
citrate, taurocholate, and phospho-tungstate solutions,
although not alkaline 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. sclution, proved as suitable as sodium
chloride, and this was confirmed by repetition of the
experiment. Of the other sodium sslts 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 subseguent 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 Kmtions. fThe possibility of replacing Sodium

Chloride by heutral salts of other bases in the prepara-
$ion of the saline used in the flocculation test was
aléo 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 kaﬁions Potassium and
Ammonium (appendix 89), solutions of the chiorides
proved as suitable for the purpose of the Sachs-Georgi
test as a chemically equivalent solution of Sodium
chloride, but 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 N/75, all caused spontaneous flocculation of

the antigen. With still weaker solutions of these

salts the antigen control remained free from flocculi,
but floeculation occurred with normal serum a8 markedly
as with syphilitie, 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) bebaved
similarly, while the chlorides_of Mercury and Cadmium
also proved unsuitable on account of their aetion in

precipitating the serum proteins.
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These results are in keeping with the observations
recorded by Neukirch (1920) who found that N/7 solutions
of the bromide, nitrate, acetate, or sulphate of Sodium
and the chloride of Potassium could all be used instead
of the corresponding sodium chloride solution in the
Sachs-Georgi test. They also confirm his Tinding that
Magnesium and Calcium chlorides are unsuitable, but
although in his hands the use of Ammonium Swulphate led
to non-specific flocculation it is to be noted that this
effeet is apparently not produced by all Ammonium salts
gince the chloride, used in the present work, proved a
satisfactory substitute for the similar Sodium salt.

The conclusion that the presence of electrolyte is
esgsential for the purpose of the flocculation reaction
is further borne out by Neukirch'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 Calecium 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 %he present

studies but, in all instamnces 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 Ringer's solution

was employed; the results were specific but 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 £1occulation tes t,
was noted by Neukirch and investigated in greater detail
by .Witebsky; 1t is of interest as affording an analogy
to the earlier work of Neisser and Friedemann iith

mastie 80l 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
devo ted to this point. The pH values of every bateh af
saline, and of every electrolyte solution, which has
been used has been determined by indicator dyes (broemo-
eresol purple; vphenol red; Universal Indicator (B.D.H.):
phenolphthalein)and it has been found: -

(a), that different samples of saline (0.85% or O. 75%
sodium chloride in distilled water) show but little
variation in H-ion concentration, as determined by this
Ihethod;

(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 remndering the saline
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sufficiently alkaline (by the addition of NaOH solution)
to yield a aefiﬁite red colour with phenolphthalein

(pH = 9-10) no appreciable effeect is produced in the test,
eithér in respeet of its specificity or the semsitiveness
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. Fuwr ther 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 0ld 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 conmsistently

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. OSamples, stored in a glass-stoppered
bottle and used at irregular intervals, have remained
uncontaminated by moulds or visible bacterial growth
for as long as s8ix months, and it has been immaterial

whether the solvent was tap-water or distilled water.

Reduction of surface tension. Maller 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
gurface tension, and it seemed worth while endeavouring
to confirm his hypothesis. The resumlts 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 tésts 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 oxder to effeet saturation. The weaker chloro-
form-salines were made from a 0.5% solution of chloroform
in saline by appropriate dilution with plain saline,.
Parallel Sachs-Georgl 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.
The 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 be expected if luller's hypothesis is
correct.
Bther (0.5% in saline) was used similarly, as shown in
appendix 99, but it exerted noé appreciasble 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 experimen$sthe Sachs-
Georgl 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 poasesséd

by the reagents under investigation (Mackie). The

use of chloroform, ether, and acetone thus failed
signally to yield any evidence in support of Mdller'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 wsed instead of
physiological saline in the Sachs-Georgi test caused
inhibition of flocculation (appendix 81),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 never been
observed to be better than that obtained with non-lcteric
syphilitic sera tested at the same time, either in respect
of its intensity or the range of serum dilutions in whiech
it occurs (e.g. serum 6, appendix 208). Such results are
not altogether surprising if one hears in mind that
although there is no aecurate method for the quantitative
estimation of bile salt in serum (Wells) it is probably

rresent, even in cases of severe hepatogemous jaundice, |



(34)

in amounts too small to influence the course of specific
flocculation in the Sachs-Georgi test, e.g. 0. 1 gm.
per litre (Gilbert, Chabrol and Bémard). I+t 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 ma jority
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's
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 uwsed in the Sachs-
Georgi test, but its superiority could not be confirmed
on repetition of the experimeritsin spite of the fact
that the same sample of sodium salieylate was agajn.

employed. Moreover it must not be forgottem that aleohol
is already present in the antigen used in the flocculation
tests, and that its concentration is sufficient to

minimidse any surface tension reducing action of additional



(35)

reagents such as chloroform. Far from favouring
flocculation, the use of these reagents has ih 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 floccumlation.
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 effeet 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 floeccul-
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 prbba‘ble that
in the case of the mixture of serum and lipoid antigen
constituting the flocculation test their aetion is

ordinarily the stabilising one, and that their presence
_therefore is likely to hinder rather than to help.
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Formalin. During the present work it wés found that a
certain batch of heart-extract, prepared from human heart
whieh had been fixed in 107 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. Sinee
Kirdany (unpublished) had observed that the addition of
small amounts of formalin interfered with specifiec
flocculation in the Sigma reaction of Dreyer and Ward,

it seemed possible that the presence of traces of this
resgent 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 wihrich had not
been subjected to preliminary fixation with formalin hadA
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) 1t 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 subseguent work a 1 in 300 dilution of commercial
formalin in ssline (0.75% NaCl) 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 ani five normal sera, all from
individual cases, were examined and in every instance
parallel tests were carried out using (a), saline with-
out added formalin, and (b), 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 whiech 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 "+". 1In most
insfances 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.c.).
Only one of the sera (No. 5, appendix 93) was exceptional
in that 4te ability to flocculate proved relatively
resistant to the inhibitory action of formalin, but it

is noteworthy that even with this serum the effectAof the
formalin was evident and that it was greater in the
presence of the larger serum volume. A similar zonsl

effect associated with the presence of formalin is seen
with 12 of the other sera snd it is specially well
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exemplified in the case of No.4 (appendix 96) This
observation is of considerable interest in view of the
sugges tion 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 emsues. In the case'
of the formalin effeet however, such a hypothesis will
only be satisfactory if one postulates further that the
action of the formalin 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, OI witﬁ lower formalin con-
centrationsg, there might thus be produced insufficient
smounts of the inhibitory subs tance to abolish specifie
floeculation, 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 flocculstion 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 be little doubt that the inhibitio&?dependent on

an action of the formalin on the serum. Whether the
effect is to be interpreted as a direect or an indireet
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
menifests itself as a zone phenomenon. The possibility
of change in the H-ion concentration of the saline
gsufiiecient to agcount for the absence of flocculation,
and brought about by the addition of formalin, has been
excluded; with several samples 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 thgt of many batches

of ordinary saline which have proved perfectly satis-
factory for the purpose of the Sachs-Georgi test.
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Summary of Section (A).

The presence of electrolyte is essential for the
pﬁfpose of the Sachs-Georgi test.

The concentration of electrolyte (sodium chloride)
may be varied within considerable limits without
affecting the delicacy of the test, but if it

exceeds 17 there is a tendency for non-specific

~ results to occur. With concentrationgof sodium

chloride below 0.2% the intensity of specifiec
flocculation diminishes rapidly.

Slight variations in the sodium chloride concen-
tration of different samples of saline (0.85% NaC1l)
cannot account for fluctmtions in the sensitiveness
of the Sachs-Georgi test. |

Various sodium salts may be substituted for the
chloride, provided that they do not yield strongly
alkaline solutions. The citrate, taurocholate,

and phospho-tungstate, although not alkaline, are
also unsulitable.

The chlorides of Yotassium and Ammonium may also be
substituted for sodium chloride, but salts of
divalent bases are useless ror the purpose of the
test. |

Variations in the H-ion concentration of different

samples of saline (Nacl solution) are not of
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(6). importance so far as 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). Pormalin, if present in the saline in a
concentration of 1:500, inhibits specific
floeculation.
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(B). SERUM.

Age and storage. As a rule the sera which have been

utilised in the course of the present work have been
not more tham 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 to0 examination and it has been cus tomary
in the case of individusl sera (i.e. sera each of
whieh is from a separate patient) to leave them in
contact with the clot wtil the day of the test, when
they are pipetted off and centrifugalised. The pooled
gpecimens are stored as serum slone (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 gsera 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). 1In 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, but this has not been the rule; such sera
usually react weakly. No syphilitiec serum however
has yet been encountered whose positivity in the
flocculation test diminished rapidly in the course
of a few days after its withdrawal from the patienf
(cf. Minster, Mackie), and when any tendency for
slight weakening of the reaction with increasing
age of the serum has been observed it has generally
been found that subsequent tests with the same serum,
when still older, failed to confirm any deteriapation
in its flocculating power. Appendix 148 may be cited
as an outstanding example. This pooled syphilitie
serum gave a "++++ ++++" reaction when five days old
(heated at 56°C., twenty-four hours before test; when
eight days 01d (heated at 55°C., twenty-five hours
before test) the reading was distinetly weaker, "+++ ++7,
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
floceulate when tested on the sixth day (heated at 549C.),
but reacted "++++ ++++" on the eighth day under
identical conditions of inactivation. It is obvious
therefore that the varying intensity of these floeccu-

lation results cannot have been due t0o a progressive

weakening of the reactivity of the serum, nor can it
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have been dependent on the inaetivation. The only
explanation which appears reasonable is that the
batches of antigen used for the different tests
varied in semsitivity, in spite of the faect 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 effeet of any variation of
the test conditions. Examples of similar fluctations
with pooled syphilitic sera are shown in sppendix 149,

E';
1

151 and 152, and with individual syphilitic sera (102,
108, and 109) in appendizx 136, 139, 140; from these
it is apparent that the fluctwation is not always in
the direetion 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 sélec¢ted for
tabulation but are typical examples, there does not
appear to be any Jjustification 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 Minster

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 weakly
positive reaction when first tested, but a strong
pogitive when re-tested four days Ilater.

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 8ixty 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
teﬁ.sera derived from patients free from clinical or
serological stigmata of syphilis, and it showed no sign
of bacterial contamination dur ing the sixteen days that
it was available for use. It was tested on eight
occasions and the same batch of chplesterolised heart-
extract was used in the preparation of the antigens
for all the tests. When four, six, and seven days oid,
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 flocculli were present in one or more of

‘the tubes containing the highest serum concentrations,
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and these flocculli were not composed of bacteria. The
gserum 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
gerum itself, sinee 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-
syphilitié 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

qui te exceptional.

So far as the age of the serum for use in
the Sachs~-Georgl reaction is concerned, the outcome of
one's experience hms been that, within fairly wide
limits, this is not a factor of any decisive signifi-
cance in relation to the délioacy of the test, but that
one may occasionally encounter 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 reaeting positively when four
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days old, and one presumably normal serum, which
reacted negatively during the first week, showed
slight flocculating power in all later tests. 1In
order therefore to eliminate such possible sources
of fallaecy 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. mﬁnguchi and Yoshinare fixed a similar
1imit for the age of the serum (7 days), but they
make no reference to results with recently drawn

specimens.
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Bacterisl contamination. In the course of these

studies when attention was being directed prineipally
to the serum and the influence of changes in it on
flocculation, the only factor whiech 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 be removed by
cenxrifugélisation, and which introduces an additional
difficulty in reasding results. Bacterial growth has
never been found to deprive a syphilitic serum of its
specific flodculating 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 suifable 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 6rder to lessen the risk of this source of fallaey.
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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 whieh 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
at the temperature of incéubation of the tests. Even
sera of grossly lipaemic type have presented no
fallacy in the flocculation tests;‘ the reading of
resul ts may be a little more difficult owing to the
greater turbidity of the antigen-serum mixtures, but
granularity or definite flocculation has not beem
observed except in the case of specimens from cases

of clinical syphilis.

Eaemolysis. Serum from a sample of blood in whieh

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-Georgil test;
syphilitic sera flocculate, while normal sera 4o 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 howrs 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 (0.75% NaCl 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 perfeetly 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 cemtrifugalisation, 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: -

serum (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.
Serﬁm (4) is from the specimen of blood from which the
haemoglobin solution is prepared.
Parallel Sachs-Georgi tests are carried out in which
each gerum is tested with, and without, added hsemog-
lobin and, for the latter, the haemoglobin solution is
mixed with the serum pr ior to inactivation in order to
reproduce as far as possible the.conditioné 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.

(¢), serum diluted with an equal volume of ssline and
then heated at 559C.

In order not to miss any effect which the addition of the

haemoglobin might exert, the modified Sachs-Georgi
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technigue (appendix 9) is used, and seven tubes
containing mixtures of sefum 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 -------ceccc--= 0.8 c.c.
haemoglobin solution (heated at 55°C) 0.2 c.e.
antigen -------cccce-- 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
normel, was without the slightest effect on their
Sachs-Georgi reactions. This observetion serves to
confirm numerous personal experiences with other sera
showing various degrees of spontaneous haemolysis,
and it warrants acceptance of the view expressed by
Muns ter and others that such sera are not unsuitable

for use in the floceulation 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 Meinicke, 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
(eg. Rice) but I have not observed it in any of my
tests; its occurrence is probably dependent to a

large extent on local conditioms. (cf. p.48).
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INACTIVATION. In the great majority of the modificat-

ions of the syphilis flocculation test presently in
use the patient's serum is employed in the inaetivated
state, i.e. after preliminary heating in a water-bath
at 55°C. The only notable exceptions are two of
Me inicke!'s reactions (Tribungsresktion, "M.T.R", and
Kl&irungsreaktion, "M.K.R") for which fresh, unheated,
serum is used. Mackie, 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, s ince
he 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 whereby the specimens of blood for
Wassermann test were delivered 2t 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 fellowed,
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 §
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
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tube contains 1.0 c.c. of a mixture of serum and
ssline. 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 211 the serum dilutions
had been prepared, sufrficient antigen was made for the
whole batech 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
éntigen control weie 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 tes%, 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 choles-
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
1l 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 NO 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 ~----cemcccccccrccccnaaa 34 cases.
Only with UNHEATED serum L e L L P PP e Rt T «h i IS
With both heated and unheated serum -~~-=vce=w-- 29 cases.

It is specially noteworthy that not one case was
encountered in which flocculation occurred only with
UNHEATED serum, and that approximately one half (547)

of the 63 positively reacting sera failed to show any
flocculation when tested UNHEATED. 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 S 6
floceculation slightly better with unheated serum ----2
flocculation better with heated serum -~~-ceccmeccan-- 21

In continuvance of the repetition of Mackie's 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
wes used both heated and unheated. Three serg

(appendix 131, 133, 136) which had failed to flocculate
in the unheated state at the first test failed again

when re-tested; Theated 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 floecculating
power in the unheated state, and that this was now
weaker. After heating, they still flocculated as
strongly 4s at first (appendix 129, 132, 137, 138).
Special interest attaches to the observa-
tions with serum 108 (appendix 129). This serum,
whose Wassermanmn resction 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 resctions,

and the same control sera were used on hoth 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 poséessed by
this particular serum. That such was not the expla-
nation can be stated with certainty, sinee a strong
positive Sachs-Georgi reaction was obtained with the
game serum (heated) two days later when spontaneous
flocculation of the antigen did not occur. There
seems 1ittle 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 syphilitic¢ 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 fallaey 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. No example of this peculiarity ---

indeed no suggestion of it --- 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
gserum over unheated serum for the purpose of fhe
Sachs-Georgil test. Furthermore, if cognisance is
taken of the exceptional serum which failed to
flocculate when recently drawn, but which reacted
positively four and six days later, it would appear

to be 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 technigue in carrying out the tests
(extended rahge 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,
Neukirch, 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 be

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
tempera ture for such inactivation falls teo 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 a2ll tested in parallel, at the same time, with
the same antigen, or (b), reviewing the results
obtained with a considerable number of syphilitie
gsera heated at different tempera tures and tested
with different antigens in the course qf the routine
application of the flocculation test ofer 8 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. A+t a tempera-
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-ture of 53°C. there is = falling off in the inténsity
of the subsequent flocculation, while a similar
weakening is evident at the upper limit of the
temperature range studied (610C.). Asvthese extremes
however are quite outwith the range of temperature{q
variations likely to occur when a water-bath regulated
by a thermostat is used, the effect of such inactivation
temperatures on the conrse of the flocculation test is
not of practical importance. In the present work a
water-bath regulated at 55°0. to 5600. has ordinarily
been employed for the inactivation of the sera, and the
same thermémeter has been in use throughout. Any
fluctuations in temperature, below 5500. or above 5600.,
have elther been produced intentionally for experimental
purposes, or they have been due to accidental, damage fo
the thermostat, noted prior to the cafrying out of the
tests. ‘

The analysis given in appendix 154-156
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 tests on which the
analysis 1s based were spread over a period of

eighteen months, in the course of which several
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different batches of cholesterolised 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 compérison, the floccmlation results have

been classified in four groups:-

GROUE. SACHS-GEORGI READINGS.
I. = ++++ 1in both tubes of test.
IT. = ++++ in one tube; +++ in the
other.
III. = +++ in both tubes of test.
IV. = all other degrees of flocculation.

Groups I and II include all the strongly positive
flocculation reactions, while the feeble reactions
constitute Group IV. The results obtained with
sera which had been inactivated at 54°C. or 570C.
are fully as satisfactory as those with sera
inactivated at 5515600. and, although the total
pumber of tests in the former class is mueh smaller
than in the latter, it may be permissible to note
that the percemtage of strongly positive reactions
is practically the same in both (47% and 44%). 1In
the case of the feeble reactions (Group IV) the

analysis again fails te indicate any unfavourable
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effect on flocculation of inactivation tempera tures
of 54°C. or 57°C. 34% of the tests with sera
inactivated at these temperatures come into Group
1V, while with sera inactivated at 55° - 56°C. 35%

of the tests fall into the same category.

The opportunity may be taken here to
emphagise 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 +).
Suech resumlts are unfor tunately in comple te agreément
with my general experience of the behaviour Ef the
Sachs-Georgli test and they compare very unfavourably
with what can be reasomably 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
seection 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 whieh are -
known, have probably 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 be 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
case shown in appendix 148 may be recalled as it
merits special emphasis in this connection.

On 10:10:22 this syphilitic serum whieh
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 heart-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
expeiimental work that one is disinclined to attaeh
‘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 tempera ture
between 54°C. and 57°C. is suitable, and that with
the use of a water-bath regulated by a relisble
thérmostat such fluctuations in temperature as may
occur are very unlikely to account for the
irregularities in floceccwulation which prove so .
vexatious in the routine application of the Sachs-

@Georgi test.
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Interval between inactivation of serum amd test. No

gpecific reference has been found in the work of
Sachs and Georgi to the length of time whiech should
be allowed to elapse between the inactivation 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 Meinicke's
statement that serum should never be used for his
flocculation test iﬁmediately 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
aldne, In any case, so far as Taniguehi and Yoshinare
are concerned, these workers were interested primarily
in a comparison of the results of the Wassermann and
Sachs-Georgli tests, and not in an experimental study
of the latter, so the technigue which they employed
was determined almost wholly by the reeommendajions
of the original contributors, and not by personal
investigation of the various factors whicech 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 whiech
‘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
inaetivated 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). 1In others (e.g. appendix 141,
145) 1t 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
iﬁcrease 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 posSsible 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 rfor 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
reasctions obtained with the sera which were tested within

half-an-hour of inactivation, but also that with these

sera the smallest proportion of feeble reactidns occurred.
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Normal sera were of course included in this experi-
mental work and no tendency to non-specific floccu-
lation was ever observed as a result of testing them
immediately after inactivation. Meinicke's contention
therefore, although it may be 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 "it 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).

L

(1). As a rule, the age of the serum is not of
importance so far as the delicacy of the Sachs-
Georgi tesf is concerned. Freshly shed serum
is undesirable and it is preferéble 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 fallaey
in the test.

(4), Inactivattion of the serum is essential, and mno

useful pufpose 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-

é 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 m@y
be played'in the flocculation test by factors which affect
primarily the antigen 1t 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 Tanl-
guchi and Yoshinare used it exclusively in the series of
comparative tests which they carried out. Their flocculat-
lon resulte are fully as good as those obtalned by many
other workers who used beef-heart antigens, and there 1s
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 heterophile
antibody (Taniguchi) and it is therefore preferable to
extracts made from guinea-pig's or horse's organs, a point

of considerabdle importance /
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although one which appears to have beem overlooked
by several workers. The false positive results,
for example, obtained by Georgi (1918), both in
complement-fixation and flocculation tests in

which gulnea-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 poésibility of a similar source of fallacy.
Human heart is used by Bruck; horse heart is |
preferred by Meinicke for the various tests which
he has devised (except the recent "Kl#rungsreaktion"),
and by Vernes for "syphilimétrie"; beef heart is
used by Kahn, by Sachs and Witebsky ("eitocholreaktion™),
and now also by Meinicke ("™™.K.R."); calf's heart
by Dreyer and Ward (Sigma reaction), and by Dujarrie
de la Riviére. 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 Meinicke,

Vernes, Sachs and Witebsky, and Kahn detail special
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methods for their antigens to which reference will be made
later (vide, p.106).

The titration of heart-extract in order to
determine the optimum dilution in which to use 1t, and the
optimum amount of cholesterol which should be added, 1s an
essential step in the Sachs-Georgl technique, but,since
this procedure involves dilution of the alcocholic solutions
with salline,lt 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 Georgl 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 Freiwirth
also express the opinion that the sensitiveness of the anti-
gen 1s probably dependent on the state of 1its dispersilon,
and therefore on the manner in which the dilution of the
extract with saline is carried out. Georgi (1918), it 1is
true, published a single set of experiments which had as
its alm 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
eliceit information on this point.

Turblidity. The method of dilution recommended by
Sachs and Georgi consists of pouring one volume of
gsaline 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
allowéd to stand at room temperature for from five
to fifteen minutes before being added to the serum-
saline miitures in the tubes. Except for experimen-

t21l 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
teehnique‘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 serieé of tubes is arranged
each containing 1.0 c.c. choiesterolised 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 Tound 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
galine t0 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 £inal 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 tempera ture.
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
ﬁinutes or longer is allowed between the dilutions.
With certain batches of heart-extract it has been
found that the proportion of one volume of &aline
to one volume of extract, in the primery dilution,
may not yleld 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 Sachse
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 obtained 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 167+-170 which show that, although all the
antigens were homogeneous in appearance when they
were ready for use, certain of them flocculated
gpontaneously during the period of incubation of
the testa. 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 %¢ 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 threughout the period
of incubation of the tests. With such antigens
however the element of uncertainty as to whether

or not they will flocculate spontaneosusly is ever
p}esent, and they are undesirable for routine use

on account of the relative frequency with whieh

this occurs, thereby necegssitating repetition of

the whole batch of tests. In practiece 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
differenées 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 to

be noted that, when one speaks of the same sample
of antigen being used in each pair of tests, one

é 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 floecmlation 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
1ittle justification for assuming that such differences
are necessarily due to undetected modification of
the tecbnique 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

easential 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‘aré hypersen-
sitive, and which are therefore gquite useless for
test purposes. By no modification of the method
of dilution of the cholesterolised heart-extract
with saline have I ever succéeded in abolishing
the sensitiveness of the resulting antigens, and I
have therefore been quite unable t reproduce
experimeﬁtally an antigen which, like the one cited
at the hegiﬁning 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
gyphilitic serum than a standard antigenbtested 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 usmal
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. The possibility of
temperature variations being a factor of importance
was next consideQed 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 i=s
clear that any differenees in flocculation which
occurred were either trivial or else they appeared
in one set of tests but not in another. 1In the case
of appendix 159, for example, the antigen prepared
with saline which had been heated to 1000C. flocculated
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comparatively poorly with the syphilitiec serum used
on that occasion, but this was quite an exceptional
bbservatibn.' As a rule such an antigen has been |
found to réact 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 antigem without producing thereby the slightest

impairment of its sensitiveness. Boiling the
antigen, however, is one of the instances of a
modification in teehnique 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-extracect. Some

extracts indeed when diluted with saline are so

relatively unstable that they preéipitate at onee

on being brought to the boil, e.g. "eitochol"”

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 niﬁe 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 rdle of such factors in
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influencing the sensitiveness of the antigen could
thus be discounted, attention was directed
specifically to the effeet of varying the turbidity
of thé emulsion which is used in the test. 1In all
these experiments the ultimate dilution of the heart-
extract is 1 in 6, so that the various antigens are
21l of the same strength although differing in
physical appearance, and it is to be noted also that
the extracts are 2ll 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 sre 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
gsaline and extraet, 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 opacify of

bacterial suspensions, viz. by comparing the blurring
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effeet on clearly printed type when it is viewed
through tubes of uniform calibre containing the
suspensions. It was found that, judged in this

way, there is oftenm 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 thomugh 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. ZFrom 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 faet that no differencé
in opacity can be detected. Very turbid antigenms,
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 than the definitely less
turbid control antigen, and they have the gregt
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 conﬂigting. It was
noted in the section in which variation in the
concentration of the électrolyte was being considered
that many syﬁhilitic sera still showed ++++ floccu-
lation in the presence of as little as 0.2% NaCl

(2 strength which yields an antigen of very slight
turbidity), and that certain sodium salts which could
be substituted for the chloride yielded antigens
whichlwere 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 assoeidted
with the use of a particular sample of antigeﬂ, or
with a particular sample of serum. It must be
emphasised however that one is disineclined 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 cases
of syphilis with strongly positive Wassermann

reactions. A very large nupber of such specimens
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has now been tested, both by the standard Sachs-
Georgi teéhnique and by the extended quantitative
method (appendix 9), and all the results have pointed
to the remarkable uniformity of reacting power
poésessed 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 1s for practical purposes avoided completely.
Apart altogether however from the use
of antigens of varied turbidity it has been found
that antigens.which are devold 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

anfigen used as contrél. 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
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confirmed his observation. Appendix 167-168 is a
typical example of suwch an experiment, and it
shows how unfavourably the flocculation obfained
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-antigen
mixtures. A somewhat different result however is
obtained in tests in which the antigen is prépared
by diluting the heart-extract rapidly wi'th five
volumes of distilled water, instead of saline,

and these experiments will therefore be considered

in some detail.

’
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Sugden and Williams (partly unpublished),
a8 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 be
demonstrated between normal and syphilitic serum
so far as its action in protecting arsenious sulphide
sol from precipitatidn 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 gelatire
had been used as protective colloid instead of serum.:
A very strik;ng difference between the two sera was
revealed however when Sachs—Georgi antigen replaced
the arsenious sulphide sol. A zone of precipitation
/pceurrea with both sera, but the ﬁixture of syphilitic
serum and antigen showed greater sensitiveness %o 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 8
quantifative rather: than a qualitative nature.

Purthemore, for the purpose of experimental

gtudies, they did not regard with any favour
the practice of diluting cholesterolised heart-
extract w;th<sa1ine (electrolyte solution), as
such a p:ooedure 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 eoming 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 resction 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 desirablility 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
gseries of experiments has been carried out in which
a 1in 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 8N/5 strength (the symbol "N" is used
with its customary chemical significance) served

as the stoek from which higher dilutions could be
prepared. The serum for the experiments was
inaetivated as nswal, and parallel series of
dilutions of each serum were prepared with electro-
lyte solutions of diminishing strength,so that each
tube might eontain 1.0 c.c. of a serum—electrolyte
mixtufe. 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 aré free from any trace of
opalescence or turbidity and they remain so unless
precipitation occurs. Readings are therefore easy
to make. Préliminarily 1t 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; having 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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seversl sera at one time. " The initial experiment
is shown in appendix 171-173 and it waé found that
turbidity appeared in the antigen contral if the
FaCl concentration was 4N/15 or higher, and that
both normal and syphilitic serum caused precipi-.
tation in the presence of coneentrafions of
électrblyte at or below N/60. It will be noted
that the presence of serum (normal or syphilitic)
interferes with the precipitation of the antigen
by the highér electrolyte concentrations (16N/15
to 4N/15); the protecting effeet is evident with
all concentrations of normal serum (1/8% - 16%)
but, in the case of syphilitic serum, if 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-
£rations of 1/8% to 4%, but also protected partially
in concentrations of 8% and 16%. Ko opalescence
or turbidity was observed in the tubes containing
16N/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 sers in whieh a 1 in 6
dilution of absolute alcohol with distilled water
was used instead of antigen, tms constituting
serum controls, Eﬁt:mo turbidity or precipitation
appeared in any of these tubes. For the later
experiments therefore, in which individuwal specimens
of normal and syphilitic serum were used instead of
pooled samples, the electrolyte concentrations were
restricted to the range 2N/15 to N/120, and serum
controls were omitted except in the case of the
highest serum cﬁncentrations. |

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 N/30 or
less, provided that the serum concentratioﬁ does
not exceed 8%. No change occurs in any of the |
tubes outwith these 1imits. It is to be noted
further that the flocculation is definitely zonal.
~ With electrolyte concentrations of N/30 and §/60

the bulkiest precipitates occur when the serum

concentration is from 1/2% to 1%, while, with
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larger or smaller proportions of serum, précipi-
tetion becomes progressiveiy less copious and
finally ceases. When N/120 electrolyte is used,
the zone of precipitation is broader but it still
shows a distinet 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
/30, and with the two which did floceulate at this
point the slight change was apparent in two or three
tubes only. The result to which one would draw
vspeeific attention is that, provided the electro-
lyte concentration wes N/ZO or higher, rone of the
normal sera caused any flocculation when present
in concentrations of over 2%, and that with & serum
concentration of 16% no flocculation occurred in
the presence of any of electrolyte solutioms which
were'usea. This will be referred to again later.
-Appendix 174-175 is the‘record.of an
experiment with a specimen of normasl 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
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obvious however that this serum does not constitute
an exception to what has just been stated with
regard tb the floecculation obtained with normal
sera in genersl; the tpper zone of precipitation
which occurred in the serum-antigen mixtures can be
discounted in view of the similar zone of mwecipi-
tation in the corresponding serum controls. The
~ Serum, whose Wassermann reaction was negative, was
twelve days old when tested and had been stored
in the refrigerator. 1t 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 floccmlation is present which
corresponds very closely indeed with the zone
shown by normal serum, in that precipitationv
occurs with low concentrations of serum when the
electrolyte concentration falls to N/30 or less.
Just as with normal serum, this precipitation
reaches a maximum with serum concentrstions of
from 1/2% to 1%, 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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ho counterparf in the tests in which normal serum

is used, and which is characterised by the appearance
of turbidity or sedimentation in all tubes containing
8% or 16% of serum, especially in those in which the
electrolyte concentration is highest. This is

common to all syphilific sera which have been examined,
but individusl 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 45 or over. Syphilitic serum thus differs
from normal serum in that it causes precipitation

in the presence of higher electrolyte concemtrations
and that, with low electrolyte concentrations, it
still causes precipitation outwith the zone in whieh
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 syphilitiec 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
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'is from 1/2% to 1% (common to both sera), and the
other when it reaches 16% (peculiar to syphilitie
serum), This is definitely apparent in the case
of 8 of the 11 individual samples of syphilitie
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 (c¢f. Brandt).
Overlapping of the two zones may mask the gap
between them to a greater or less extemt but the
results afford no evidence that the upper zone is
a direct extension of the lower. If such tests
are examined after 12-15 hours incubation it hsas
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 been observed
previously in connection with the inétability of
the antigen in the presence of higher concentrat-
ions of sodium chloride. Reference has been made
to the fact that spomtaneous flocculation of the
antigen occurs frequently in the standard Sachs-
Georgl test when a saline containing more than
1.5% BaCl is used, and, in the present instanece,
opalescence appeared in the antigen control tube
containing 4N/15 NaCl (1.66%), although with 16wer
concentrations of electrolyte these controls
remained perfectly clear.

There can be little doubt that an
antigen prepared in the routine manner by diluting
cholesterolised beart-eztract with saline (0.85%
HaCl) behaves differently in the presence of most
syphilitic sera from a similar antigen prepared
with distilled water; the former hag consistently
been found to show well-marked Flocculation with
as 1little as 0.006 c.c. of a pooled serum, whereas
with the latter it has been exceptionsl to Tind
floeculation with less tham 0.06 c.c. (4%}, 1a
this respect the szline-znitigen is the more

gensitive but it has to e noted that, zlthough £¢
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und@ubtedly 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
Sachs-Georgi test (zone phenomenon), and on at
least.one occasion a syphilitic sérum has been
encountered which failed to floccula te at all
unless very small volumes were used (appendix

185). This serum was re-tested on two subseguent
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 temdency for certain
syphilitic sera to flocculate poorly when fested in
relatively high concentration is not uncommon, and a
1 in 5 dilution (0.2 c.c.)~cannot be regarded as the
optimum proporﬁion for a one tube test. This has
been my usual experience and it bas not been
specially associated with the use oI any one batch
of heart-extract but has occurred with all the
antigens whiech 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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to 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.) sinee this seems likely to increase
the number of poor flocculation results without, so
far as I have been able to judge, ever emabling one
to deiéct e 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 ﬁsing 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 me thod
does not hold out any hope of yielding more uniform-
1y good results with syphilitic serum (flocculation
Of "++++" type) than the standard method. In the
tables which are shown (appendix 176 - appendix 182)
there is just as great variation in the ihtensity

of individual reactions as what occurs when the
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standard technique is used, amd, although the
precipitation is relatively easy to deteet on
account of the absence of any trace of turbidity
from the initial mixtures, critical examination of
every tube indepemndently is still imperative. More-
over,a teat 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 resulés.

In the Sachs-Georgi test therefore
it has been found that the sensitiveness of the
antigen, 80 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
galine, and that an antigen prepared by diluting
the extraet 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 me thod of dilution
however has ever succeeded in providing an antigen
of consistently diminished sensitiveness, and no

gatisfactory 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 cholesterolised heart-extraet 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 sub jected

t0 2 variety of relatively extreme physical shocks
(e.g. boiling, shaking, ete., )without producing
any definite modification of its sensitiveness, as
gauged in the flocculation test, and yet, as has
been shown, twin samples of antigem, 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 fhe influence which factors associated
with the aet of dilution may exert on the physical
state of the antigen is obtained if one prepares

a series of antigens from the same cholesterolised
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
floeculate spontaneously, aftef incubation at 5705.,
while others do not; in one instance two out.af
six floeculated and, in another, one out of four.

. It is thus possible to demonstrate eoncluaivély

that gross variations do occur in the physical

state of antigens prepared apparently identically
and subjected to identical conditiqns 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 which 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-Georgl 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 methode 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 isllacking.
Unfortunately,.too, their unaninity 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 ( ™.R.", "™™M.D.R." ) stresses the importance

of using distilled water fpr the primary dilution
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- of the heart-extract, in order that the reswlting
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 whieh 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 wa ter method of dilut-
jon and now uses hypertonic salines (3% and 3;5%).
Vernes attaches so much importance to the physical
gtate of the antigen employed in his test that an
electrically driveh mechanical mixer and g
standardised dioPPing pipette are deemed essential
for the process of dilution of the heart-extract.

Doublé distilled water serves as the diluent, amnd
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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 Sigms reaction, but 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. Thesé,authors
claim that antigen dilutions prepared on different
days,and strietly in accordance with their instruct-
ions;are identical in physical stafe and sensitive-
ness, Of this however no proof is offered, and |
other wbrkers 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 semsitive-
ness of the antigen. In the case of the more'reeent
tests devised by Kahn and Sachs and Witebsky, the
antigen.employed is not an emulsion or sol but a
suspension of a relatively coarse precipitate anq

it is therefore totaily 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 partiecles
constituting ﬁhe precipitate, i.e. on physical
state. These tests will be referred to later,

but it may be stated here that in my hamnds the
Kahn and "eitochol” 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 ouf the whole of their tests at one time,
with the same solution of gelatine, as gelatine
solutions prepared on different days, although of
thé 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 this not unique in its /
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peculiarity of %arying in 1ts properties from
day to day, and it is specially noteworthy that
an analogous hydrophilic sol like gelatine has
been found to show iomewhat similar vériability,
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 Georgl specifically

indicate the need for titrating every batch of
heart-extract in order to determine the degree
to-wﬁich it should be diluted with alcohol, and
the proportion of cholesterol which should then
be added, so that a cholesterolised extract of
optimum sensitiveness may be prepared. Thelr
observations had led them to conclude that 4if-
ferent samples of heart-extract vary 1h thelr
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 technigque of the titration which they prescribved,
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 whieh 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 befére 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 cholesterolised 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 ékample 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 summarisged in appendix 195,
afe 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 théy agreed in 35 éases and disagreed
in 14. The relatively large number of disagree-
ments is readily aecounted for since ,on one of
the days,both antigens were practically devoid
of sensitiveness (appendix 191-192), thus
affording another extreme example of antigeniec
inconsistency of the type which was considered
in detail ét the beginning of the summary (p.11)
and which, as has already been discussed in the
present section, it has not profed possible to

reproduce experimentally. No cause for the lack
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of sensitivéness of the antigens on this
particular day could be discovered and it is
specially remarkable that two separately pre-
paréd dilutions of different samples of
cholesterolised 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
sulphoecyanide replaced sodium chloride. These
observations almost compel one to seek the
'exp&anation of the phenomenon in a factor or
factors which affected the tests as a whoie on
these days, and not merely the antigens, but all
efforts to trace sﬁch a factor have proved futile,
Temperatﬁre 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, ete.), reaction of the saline,
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time occupied in setting up the tests, duration
of incubation, shaking of racks, have all beén
investigated; even factors such as barometrie
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 %o
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 cholesterolised 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-Georgl 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 that
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antigens A4 and B2 were much alike in their v
béhavidur, 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 tne 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
"econtrol"). 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-cholesterol
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 cholesterolised
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-extraet,
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 1lipoid and cholesterol. This however
has not been my experience amd, with the extracts
which I have prepared, one or other of the "A"
series of mixtures has generally been the most
gatisfactory.

It may be noted that pooled
samples of serum have invariably:been used for
these preliminary titrations, in order fo avoid
ag 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-éxtract were set up at one
time with three specimens of pooled syphilitie
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 antigems over all the
others was confirmed. Antigen A4, which proved
ags a result of long experience to be;ggtimum
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 seiected 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 plus signs, and for this reason they
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are purposely omitted from consideration. The
second'gronp of tests,‘with ano ther bateh 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 "A" series of mixtures
proved themselves better antigens thah the other
two. The extract was then re-titrated with three
different samples of pooled serum (appendix 200),
the testé@eing carried out in parallel, and it was
found that the "A" geries 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 wuse. Al,
A2, and B3 were finally selected for further
investigation and, of these, AZ 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 tham, 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
18 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 fheir 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 routine 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 whieh 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 hased 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 cholesterolised 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 which 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 reactiné 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 be made on the
strength of a single preliminary titration, but
that this form of test, tedious though it is,

should be repeated several times.

Heart Extract. The method of preparatidn of the

heart-extract originally recommended by Sachs and
Georgi (appendix 5) has stood the test of time

and experience, and, so far, no radical change has
been suggested by any of the Workers who have given
their attention specially to the question of the
"antigen. The proportion of 5 parts of aleohol, by
volume, to 1 part of moist heart, by weight, has
been confirmed by Rosenberg to be the least which
will yield a suitable extract, and he found that
such an extraet did not differ essentially in its
antigenic properties from one prepared by extracting
the same weight of heart with ten volumes of alecohol.
Yermast 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 mueh as

100 pé&r cent. and neither of them makes any reference
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to Sachs and Georgi's method of titrating optimum
antigem. In a genersl way they come to the con-
clusion that different extracts vary in their
lipoid content, and so require adjus tment,by
appropriate dilution with alcohol and addition of
cholesterol in order to render them best'suited
for test purposes, but as this is precisely what
Sachs and Georgi emphasised originally it would
not appear thét 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 been superseded by 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 be obtained. This is

a return to the method originslly used by’Meinicke
who found that the extraet of moist human heart
for the Sachs-Georgi test could be replaced by an
extract of the 8ame 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 pre?ent 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, thesé substances, unless removed
by preliminary extraction with ether, pass into
solution and so render the extraect unsuitable for
the test. I have confirmed Meinicke's 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 fifst of all extracted with
ether, An example of the preliminary titration of
such an%xtract is shown in appendix 201-202 and,
at first sight, it seemed much superior to the
average sSamples of Sachs-Georgi extract with

which I hed at that time had experience. Not

only were the flocculi very coarse but complete
sedimentation was obtained when syphilitic serum
was tested with amy of the antigens of the "A"

or "B" series, as well as with two of the four

in the "C" series. Subsequent investigation made
it clear that such a result was not the usual one,
with thies 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, a8 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 tham with the corresponding Sachs-Georgi
antigen (ef. Sachs), but this slight advantage was
insufficient to compensate for the extra time and
trouble involved in drying the heart and treating
With.éther, as preliminaries to extraction with
alcohol. 1Indeed one is of the opinion that if

such relétively complex procedures should prove
necesgsary 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 reseting properties,
no matter how they may be prepared (Georgi;
Meinicke; Stilling; Sachs, Klopstock & Ohashi;
Kahhi Krishman), 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 XKshn
test to which reference will be made later ({)?155?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, but 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 swbsequent 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 "C" series of dilutioms,
while this same series included the poorest
antigens from the Meinicke extraet. This finding
would appear to be 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 alecohol, 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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alecoholic extract of some value for test purpbses
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, althqugh both extracts were prepared from
the same proportions of dried heart and aleohol.
If Meinicke's explanation (p.121) is correet, 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 floccﬁlating substance as well,since the
alcoholic extract of the ether-residue showed
weakening of its reaecting power,on dilution,more
quickly than the corresponding extract of the
acetone-residue ("C" 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 recommende@
originally by Sachs and Georgi is as satisfactory
as‘any (ef. Rosenberg). A poor extract has
occasionally resul ted 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 Qonvinced that adhérence to simplicity

of technique as far as possible, rejecting a poor
extraet should this be obtained, is preferable

to resorting to complex procedures whieh, at
their best, are restricted in their usefulness
and which fail to eliminate the major difficulty,
varigbility 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 anfigens 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 mroperty
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 been
confirmed by all workers who use cholesterol-
ised~extracts except Kalm 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, Norel 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, eiﬁher alone
or supplemented with bengzoic acid. Similar
resinous substances have found favour for the
same purpose with other workers, and gum
benzoin has been used by Dujarric de 1la
Riviére and by Sachs, Klopstock and Ohashi;
gamboge by Dujarric de la Riviére; Peruvian
balsam by Hartmann; while Voge has sought to
base a serological test for syphilis on the

differential precipitating action of normal
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and syphiliti¢ serum on a simple benzoin sol.

The Vernes reaction (syphilimétrie) 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 Bruck
is also prepared from a simple heart-extract, while

Kiss recommends the use of a plain lecithin solution.

Keeping Properties. The extracts used in the

flocculation test are all characterised by con-
giderable stability. In the case of the Sachs-
Georgi reaction, I have found that a cholesterol-
ised 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
citochol reaction have been placed on the market
as commercial products. ZPresumably 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 been found possible to incorporate dilute NaOH
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 concentrétion might
exert, ano ther 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 (éppendix 205). It is obvious from
thie that alteration of the H-ion concemtration

of the saline over a considerable range of pH
values was without the slightest effeet on sub-
sequent flocculation, either in respect of ifs
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. 1In

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
coloﬁration on the addition of phemolphthalein
soiution. 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 antigemn = 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 mresent and partly by
substances in solution. The stock supply of
absolute alcohol, such as had been used in
preparing the heart-extréct, was found to
require the addition of 0.08 c.c. N/1 NaOH
per 100.c.c. in order to cause the slightest
change in bromo-cresol purple as imdicator,
i.e. to bring its reaction to pH = 5.6
approximately, while similar adjustment of the
reaetion of the cholesterolised heart-extract
necessitated the addition of 0.19 c.c. N/1 |
NaOH pexr 100.0 c.c. 1t 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 been adjusted
to pH = 6.6, the so-called iso-electric point
of serum. It must be 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 batech of heart-extract
was ﬁsed, whose optimum antigen was A4, and the
reaction of a portion of the crude extract was
ad justed 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

"adjus ted™ 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 showm in appendix 206-207 and it

will be noted that, although the same reagents

were used on both days (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 comstit-
ute a serious source of trouble in the
flocculation test. A4 proved to be the optimum
antigen both with the "normal"” and with the

"ad justed" 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 "ad justed" 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 résults, since variations in the

v
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intensity of flocculation occurred even when
using extract, alecohol, and saline whose
reactions had been mdjusted to the iso-electric
point of serum, and it was apparent that there
could be no objection to using "ad justed" extract
and aleohol 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. N/1 NaOH per
100.0 c.c., and the reactions of the different
gsalines 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 NaOH
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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 concentration 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 concermed. Much greater variations than are
ever likely to occur in the ordinary course of
such serological work have repeatedly proved

to be without any effeet 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. Neukirch 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 & Nyiri; to the Kabln reaction by that

of Jennett and of Hernandez; and to syphilis
flocculation tests in gemeral by the experiments
of Wolf and Ridesal.
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Summary of Section (C).

The simple method of preparing heart-extract
recommended by Sachs and Georgi is as
satisfactqry as any.

The titration of every batch of heart-extraect
is essential, and the selection of the optimum
anfigen necessitates a prolonged series of
observations.

Cholesterolised heart-extract retains its
reacting properties unchanged for years.

No definite relationship between the turbidity
of the antigen and its sensitiveness in the
test has been demonstrable.

Varigtions 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
gsensitiveness of an antigen by‘any modification
of the method of its preparation.

The Hfion concentration of the antigen used in

the flocculation test is unimportant.

































































































































































































































































































































































































































































































































































































































































































































































































