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REPORTS

OF THE

SPECIAL COMMITTEE UPON THE STANDARDISATION
OF PATHOLOGICAL METHODS.

No. .. THE WASSERMANN TEST.
(IntERTM REPORT.)

13th November, 1917.

The Commitiee Leg leave to present to the Medical Research
Committee the following interim report: —

L. Tue PoSSIBILITIES OF STANDARDISATION,

For the consideration of the technical methods employed in
the Wassermann test and the possibilities of their standardisa-
tion, the Commiitee invited Lieut.-Colonel L. W. Harrison,
D.S.0,, R.AM.C., to give them the benefit of his unrivalled
experience and o serve as a member of the Committee. They
are greatly indebted to him for the assistance he has given at all
their meetings for the discussion of this subject and in the
preparation of this Report.

The Committee have also to thank Colonel Sims Woodhead for
attending at two of their meetings and for his aid in the con-
sideration of the scientific and practical questions at issue. They
further desire to express their thanks for the help given to them
by Dr. Carl Browning, Staff Surgeon P. G. Fildes, R.N., and
Major Bowman, Canadian A.M.C., each of whom has had very
large recent experience in the use of his own particular variant
upon the complete method of performing the Wassermann test.
These pathologists were good enough to attend one or more
meetings of the Committee in order to deseribe their own methods
and to discuss them in relation to the subject in general. The
Committee were further greatly indebted to Colonel Lyster, of the
United States Army Medical Service, for his kindness in convey-
ing to them information upon the general lines of action taken in
the United States Army in regard to the performance of the
Wassermann reaction.

In the opinion of the Committee there is no process of bio-
chemical diagnosis that gives more trustworthy information or is
liable to a smaller margin of error than the Wassermann test
when it is performed with completeness and with proper skill
and ecare.

At present the test is performed by different workers in
different laboratories according to a great variety of methods, of
which some depart from the test az originally deseribed only in
minor, though possibly important points of technique while
others introduce fundamental modifications of undetermined or
uncertain significance,  Althongh it cannot bhe regarded as
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ca=es for purposes of comparison and control; it would, however,
be =ecured that official returns would be based upon a uniform
known procedure common both in type and detail to all official
workers in different places.

The Committee recognise, however, that in the present state of
knowledge it is impossible to lay down with confidence the lines
of optimum procedure for the performance of the test. We ave
still in ignorance of the exact physical basis of the reactions
which are involved, and it is only by further laborious investiga-
tion of an exact quantitative kind into the various parts of the
test that an approach can be made to full knowledge of the best
conditions to lay down for a standardised test,

Quantitative investigations of this kind have already been
undertaken in the Loeal Government Board laboratory under
the general dirvection of Lieut.-Colonel Harrison, but it can
havdly be hoped that these will bear fruit before the end of
several months. The Medical Officer of the Loeal Government
Board has kindly undertaken to communicate to the Committes
the results of this work as it proceeds, and if necessary it will
he supplemented by additional work undertaken elsewhere on
hehalf of the Medical Research Committee.

Therefore, while convineed that the Wassermann test when
properly performed affords most reliable information, the Com-
mittee are of opinion that, for the protection of the individual,
in all eases where the only evidence of syphilis iz a positive
Wassermann reaction, the serum should be retested before a
diagnosis of syphilis is based on this sign alone,

In the meantime the Committee are stronglyv of opinion that
no effort towards beiter standardisation of the test should be
postponed. They desive to give cordial endorsement to the con-
clusion of the report of a Sub-Committee of the Pathological
Section of the Roval Society of Medicine on the 21st December,
1914, which is quoted in the final report of the Commission upon
Venereal Diseases. This Pathologieal Sub-Commitiee recognised

that—

“In the present state of our knowledge the Wassermann reaction
is= an empirieal one. There is every reason for hoping that it may
eventually he brought within the domain of exact physical chemistry
and reduced to a simple chemical test. But it is the opinion of the
Sub-Committes that, until this is so, the original Wassermann test,
with its full contrels, is the best adapted for general use, though it
may be supplemented, for the control of treatment, by more sensitive
short-cuts, that is, by those admittedly likely to yield a larger per-
centage of positive reactions.”

The Committee would go further and recommend that in tests
made for official returns only those methods shall be accepted
which conform with the original Wassermann test as defined
below and that the so-called ** short-cut’’ methods are only to
be accepted by way of voluntary supplement to the official tests.

The Committee are strongly of the opinion that it is greatly to
the public interest that this recommendation made in 1914 should
become effective as soon as possible, and they venture to urge
that the Medical Research Committee should use their influence
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proper routine conduct of the tests which shnulfl receive uﬂif-.ial
sanction and support. These will be embodied in their detailed
recommendations given below.

1V. STANDARD ANTIGENS AND STANDARD AMBOCEPTOR.

It is evident that where there are various factors in a reaction,
the smaller the number of these that are liable to variation the
greater must become the likelihood of uniformity in results. Or
otherwise, if admittedly the time is not ripe to recommend a
standardised optimum method, everything is in favour of reduc-
ing the number of variables and of employing without further
delay as many standard reagents as possible.

There are two essential reagents in the test which may be
standardised, namely, the ‘““antigen’ and the haemolytic
*“ amboceptor.” The Committee therefore recommend that such
steps be taken as are necessary to secure the provision of official
standardised ** antigens ” and ** amboceptor ©* and that these be
1ssued with full particulars as to their respective titres and fnll
instructions regarding the methods of preservation and use.

. LaBorarory UEG.&.}T ISATION,

The Committee after careful consideration have formed the
opinion that the laboratories in which Wassermann tests are
performed for the public services should be few rather than
many. The concentration of this work in central laboratories
at which large numbers of tests are performed as a matter of
routine will secure gains both in economy and in efficiency. The
performance of a large number of tests at the same {ime will
obviously allow economy in staff and in material, because with
proper organisation and drill an increase in the number of tests
performed does not 1n any direct relation increase the time and
trouble involved. It 1s suggested that on anv one day the number
of tests should be about 50.

The gain in efficiency by the concentration of tests at a few
centres is two-fold. In the first place, the larger the number of
tests performed under identical conditions, the larger is the
numhber of strietly comparable results. In the second
place, the pathologist in regular charge of the performance of
tests as a matter of frequent routine and upon a large scale will
be far more likely to produce trustworthy results, and to have a
correct judgment in border-line cases, than one to whom a series
of tests is only an occasional experience.

The Committee suggest for the guidance of administrative
action that the central laboratories performing tests for any of
the public services should be so chosen with reference to the
expected needs of the service that not less than an average of
100 tests should be made weekly.

For the sake of rapidity in diagnosiz it is most desirable that
the test should be carried out not less than twice weekly.
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(4) Officially standardised ‘‘ antigens” and ‘‘ amboceptor ™’
should be preparved and issued with full particulars
as to their respective titres, and full instructions re-
garding methods for their preservation and use,

(5) That where the clinical history and elinieal manifesta-
tions are doubtful, an individual giving upon one
examination a positive Wassermann reaction should
inv;rithy be retested before o diagnosis of syphilis is
made,

(6) In rendering quarterly and other statistical returns it
should be clearly stated by the pathologist which
method or methods have been emploved.

The Committee make detailed recommendations as to the
methods of collection and transmission of blood samples, on label-
ling and of supplying the data to accompany each sample. They
further point out the importance of keeping full laboratory re-
cords and of the usze of common forms for individual reports and
for the statistical returns which should be rendered at least once a
quarter. Suggestions are made as to the best form to be employed
for each purpose. These recommendations will be found in
Section VII. of the text.

J. G. Anamr. Wirniam Burrocn.
. W. AXDREWES. L. W, Harnison.
APPENDIX.

SerLectEn Mernops or PerrorMise THE Forn OniciNan
Wassermaxy Tesr.

The Committee are indebted to the authors of the following
deseriptions, for permission to print them here.

I.—Meroon vsen At 7HE Rocmesten How Mivrrany Hosprean,

Amended extract from an article by Lt.-Col, L. W, Harrison, D.5.0.,
R.AM.C., in “ A Bystem of Syphilis,"” by D’Arcy Power and J. Keogh
Murphy, 2nd edition, Vol. I1I.  With the permission of the Managers of
“ The Oxford Medical Publications,”

Preparation of the Reagenis.—The requirements for the Wassermann test
are as follows: (1) serum to be tested, (2) a serum containing complement,
(3) an extract of some suitable solid organ, and (4) a suspension ot
sensitised cells, the hmmolytic system which is required to test for free
complement after (1), (2), and (3) have been incubated together. In
addition to these, test-tubes, an incubator regulated to 37°C., an inacti-
vating water-bath, pipettes, watch-glasses and a supply of fresh, sterile 0-85
per cent. salt solution are also required. If the reagents are to be
measured out by Donald’s dmpfling method, suitable droppers, made as
deseribed at the end of this article must also he provided.
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Patient's Serum.—After the clear serum has been separated from the
blood its complement must be removed by heating it at 55°C. It is
usnally recommended to heat for half an hour, but 1 think that this is
longer than is necessary. The serum loses some of its reacting power at
a temperature of 55°C., and this loss increases with the time during which
the serum is heated. As I have found that ten minutes in a water bath
at 55°C. is sufficiently long to inactivate 0-5 c.c. (the guantity I prepare
for the test) of serum, I do not heat beyond this time. '

Another reason advanced for heating for half an hour is that unheated
serum is itself anti-complementary. Heated serum is also anti-complemen-
tary to a certain degree, and it is necessary to make provision for this
property in calculating the proportion of the respective reagents, As
far as my experience goes, sera vary no more in anti-complementary power
after ten than after thirty minutes’ heating, so that heating for tem
minutes does as much as heating for a longer time, viz., inactivates the
natural complement, and lowers the anti-complementary power sufficientl
for working purposes; it has the advantage that it does not remove so mue
of the specific reacting substance. Browning and Mackenzie have pointed
out that sera which have stood for some days develop increased anti-com-
plementary power, although they may have been heated previously. On
this account the tested sera should be heated on the day of the test, whether
they have been previously heated or not.

Complement is contained in practically every fresh serum, but some
of these contain other substanees which are disturbing to the test, and
others do not contain much complement, so that for the original test it is
the common practice to use guinea-pig serum. The blood can be obtained
from the ear if required for only a few tests, or it may he removed h’y
aspiration from the heart, but 519 simplest plan is to eut the animal's
throat over a wide glass funnel leading into a suitable receptacle. The
blood may be whipped at once and centrifugalized, or allowed to clot and
the serum to separate.

Browning and Mackenzie do not recommend guinea-pig serum to be
used till it is eighteen hours old, as they have found younger serum
unduly sensitive in deviation. T prefer to use it when four to eight hours
old from the clot, or any time the same day after whipping and centri-
fugalizing the hlood. TIn its original state, complement deteriorates and
becomes useless in a few days at room temperature or in the ice-chest, and
this is a great disadvantage of the original test. To overcome it, various
devices have been suggested from time to time.

Complement keeps well when frozen hard, and for the past six years
or 50 T have found the following a convenient method of keﬁping it frozen ;
the serum is pipetted off into small capsules, such as are used for vaccine,
and these, in turn, are placed in a test-tube which is capped and immersed
in & freezing mixture within a vacuum flask, such as a thermos, which is
kept in the ice-chest. In a good flask it will keep frozen hard for two or
three days, but should be examined daily, and the freezing mixture
renewed as required. The serum should be kept frozen quite hard, or it
will deteriorate,

Extract (** Antigen '').—There can be no doubt that the gquality of the
extract determines that of the results obtained, and until a uniform source
and method of preparing this ingredient has become established, the
results obtained E;.r different workers must differ in a certain proportion
of cases. It is not so much in frankly negative and strongly positive
sora that this happens, as in an important class of what may be
deseribed as bhorder-zone sera. These are provided by cases of very early
syphilis, latent, and well-treated cases, in which the reaction to the mest
delicate methods is not strong. A number of instances have been recorded
where specimens of blood sera have been divided and sent to different
lahoratories for test. In one laboratory positive results have been ohtained
with sera which gave negative reactions in another, and this has led in some
quarters to distrust of the test. More important than this. it is almost
unpossible under present conditions to compare the results of treatment
ahtained by different workers. One has only to test a batch of sera with
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amboceptor in the manner to be deseribed, and when sufficiently potent
Slsmlly about ten days after the sixth injection) the rabbit is bled to
eath. The blood can be collected in various ways, of which the most
convenient is the following. )

The carotid is ﬂxpnﬂﬂf and stripped down as far as possible after
ligaturing it in two places above; the end is then turned into a sterile
test-tube and snipped half-way across with a pair of fine, sharp-pointed
svissors, the eut end of the artery being held in position within the test-
tube by forceps.

The blood is whipped and centrifugalized, or set on one side for twenty-
four hours hefore the serum is removed, but when it has clotted the clot
shonld be separated from the sides of the tube, or flask, in which it is
contained, so as to allow it to shrink properly.

It is convenient to hottle the clear serum in 1 ec.e. vaccine ampoules.
Every care should be taken to prevent contamination,

After botiling, the complement should be removed by heating the serum
for half an hour at 55°C. The serum will maintain its potency for many
months, but should be kept in the ice-chest.

Standardization of Reagents.—Tt must be remembered that extract alone
and serum alone, as well as normal sernm in combination with extract, will
deviate a certain amount of complement. The distinguishing charae-
teristic of syphilitic serum is that, in combination with extract, it will
deviate more complement than any of these.

Another point to remember is that some syphilitic sera, especially those
of well-treated cases, will not deviate much more complement than will
normal sera under the same conditions: It follows from this that the
proportions which the respective ingredients bear to one another must
be such that, on the one hand, no non-syphilitic serum will react positively
nor, on the other, an undue proportion of syphilitic sera give a negative
reaction. On this account, after fixing arbitrarily the amount of the
patient’s or control serum to be used in the test, it is necessary to estimaie
gquantitatively the strength of each of the other reagents, and from the
information thus obtained to fix the amounts of these to be used.

In dezeribing my own technique, 1 propose to make a departure from
the nsnal practice of expressing values in eubic centimetres and fractions
thereof, by speaking of volumes in varving dilutions,

Thus, if in the usual nomenclature the minimum hemolytic dose of
complement for 1 e.c. of sensitized cells were found to be 0:02 e, I
should deseribe it as 1 volume of a 1 in 50 dilution for 1 velume of sen-
sitized cells, or, briefly, as 1 in 50. Since it iz the proportions which
matter, and not arbitrary guantities, this amounts to the same thing.
The size of the volume does not matter, within limiis,

In the practice of most workers it is either 0°5 c.c or 1'0 c.e., but in my
own practice, chiefly for the sake of economy, T have fixed the volume at
about 12 e.e. A fairly large number of capillary pipettes are graduated
with mercury to measure this amount, and are used chiefly for the
measurement of undiluted sera. TFor dilution of the latter with saline,
it is convenient to have a few chambered pipettes graduated to measure
four volumes. (For details as to the technique of making ecapillary
pipettes, the reader is advised to consult * Technique of the teat and
capillary glass tube "' by Sir A. E. Wright.)

Using such small quantities of reagents, the various tests can he carried
ont in test-tubes measuring 5 x I centimetre. Instead of the usual tlype of
air incubator, it is very convenient to have a water-bath fitted with
trays into which the test-tuhes are slipped.

Titration of Hemolytic Amboceptor.—To ascertain the minimum amount
of rabbit's anti-sheep-cell serum which is sufficient to hemolyze completely
a volume of sheep cells with the help of an excess of complement, a
number of test-tubes nre set out in a row, and into each is placed 1 volume
of a 3 per cent. suspension of the washed sheep-cells deposit. A series of
dilutions of the anti-sheep serum is prepared, c.g., 1 in 125, 250, 500, 750,
1.000, 1,500, 2,000, and from each of these dilutions in turn a volume
is taken and added to the sheep cells in one of the tubes, so that the row
of tubes now contains a series of equal quantities of sheep cells in contact
with varying amounts of hemolytic amboceptor.  After half an hour one
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will be mentioned in more detail when discussing the guantitative esiimi-
tion of the reaction, '

In addition to determining the M.H.D, of the complement, in order to
guard against the employment of a comploment which is hypersensitive
to deviation, Browning and Mackenzie recommend that the number of
M.H.D. complement deviated by the amonnt of extract and of serum,
respactivﬂix, to be used in the test should be ascertained. I have usually
followed this practice, but not to the extent of testing the anto-deviating
power of every one of the tested sera. A convenient plan of earrying it
out 1s the following: Two additional rows of tubes are set out; into
each tube of one row is placed a volume of the extract, diluted as it will be
usad in the test, and into each of the other row a volume of any of the
sera to be tested, in the same dilution as will be employed in the test.
Into each tube of each row is placed a volume of the gumen-pig's serum in
the same varying dilution as in the titration for M.I-!{ D., and one volume
of saline. The mixtures are incubated for half an hour, and to each tube
15 then added one volume of sensitized cells, After inenbation for half
an hour longer, the tubes are read. To take o common example of such
a reading, when the M.H.D. of complement is 1 in 60, the highest dilu-
tion of complement in the extract row which gives complete lysis is 1 in
0, showing that the extract by itself has absorbed one M. H.D. of
complement. In the serum row, using 1 in 5 serum, it is common under
these eircumstances to find that the tube containing 1 in 40 complement
is the last to show complete lysis, showing that the serum alone has
absorbed rather less than one M.H.D. of complement. It is not practicable
in a large batch of tests to estimate the {‘m‘iuting power of every one
of the tested sera, and, in any case, in the test itself the serum is put up
with the minimum amount of complement used in the test, so that any
almormal deviating power which may be displayed by a serum acting alone
is goarded against,

The eefract may vary in its deviating power according to the manner in
which it is diluted. 1t was pointed oot originally by Sachs and Rondon
that if the dilution iz done slowly the result is a more turbid emulsion,
with greater deviating power, than when the dilution is effected suddenly.
Meclntosh and Fildes find, however. that in the case of heart-cholesterin
extract the deviating power is rather greater when the extract is guickly
diluted. They recommend that the extract be Hosted on the necessary
amount of saline, and the mixtore quiekly shaken, or, more recently,
to put the extract in a large tube, and add saline suddenly. Probably the
ohservation of Sachs and Rondoni applies more particularly to liver
oxtracts. When working with the latter 1 have usually diluted slowls,
aceording to the method recommended by Browning and Mackenzie. The
cxtract is flonted on the top of the necessary amount of saline, just as
urine is flontod on nitrie acid; the tube is set to one side for a time, and
a white ring forms at the junction of the two fluids. The tube is then
rolled between the hands, at first slowly till the salt solution has diffused
into the extract lying above, and then more quickly. Finally, when ihe
two fluids are almost mixed, the tube is inverted, and the result is a tuchid
emulsion. With heart-cholesterin extract I have diluted quickly according
to the original plan of MeIntosh and Fildes.

Before titrating the extract it is advisable to ascertain that it is not
unduly hemolytic. To do this a volume of a 1 in 5§ dilution of the extract
should be incubated with a volume of the suspension of cells and two
volumes of saline for an hour. If no hemolysis is apparent at the end od
this time the extract is so far satisfactory.

The stremgth of the extract to be used in the test i determined in
many ways. Many workers use arbitrarily an amount which is equiva-
lenit to one volume of a 1 in 5 dilution, Melntosh and Fildes consider that
in the case of heart-cholesterin extract made according to their directions,
the titre is so constant that it is not necessary to determine it for each
fresh supply of extract. In n system where the amount of tested sermm
15 (01 c.e., the complement, 21 M.H.D., and the quantity of cells eventuslly
added, 05 c.e., they use 005 c.c. of o 1 in 15 dilution of a heart extraet,
3, cholesterin solution, 2, mixture. This is one guarter the amount which
when incubated alone with 21 M.H.D. complement is just sufficient to
inkibit hmmolysis. Walker and Swift using a heart extract containing
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with modifications. In over 7,000 Stern tests 1 have never found a serum
react with the smaller and yet fail with the larger amount of extract, and
in treated cases the reaction with the smaller amount of extract is the
first to die out. In the original test, carried out for routine purpises,
I have always estimated the sirength of the reaction by varying the amount
of complement, on the principle that the stronger the reaction the more
complement will be deviated. The results by this method, judging by
over 10,000 tests, have coincided very closely with clinical symptoms and
the effect of treatment

Assuming that s constant amount of tested serum and of extract
respectively is to be used and that to estimate the strength of the reaction
two different amounts of complement are to be used, » rack containing
four parallel rows of holes 13 taken, and along the back row are set out
the sera to be tested.

The front three rows are filled with empty test-tubes, so that there are
three tubes in front of each serum. Each serum is taken in turn, diluted
to 1 1n & with U85 per cent. salt solution, and one volume of this dilution
is placed in each of the three tubes. A convenient method of carrying
this out is as follows:—A row of clean watch-glasses is laid out in front
of the rack and into each is measured four velumes of saline, with the
appropriate pipetie. Kach serum is taken in ture, a voluma of it placed
in the four volumes of saline in one of the watch-glasses, and, after nuxing,
@ volume of the 1 in § dilution so made is measnred into each of the
appropriate test tubes. -

When every serum has been dealt with in this way, into every tube of the
two front rows is put one volume of the diluted extract, and, to make the
bulk equal in all tubes, a volume of saline is placed in each of the third
row tubes. 3

The complement is next added. Into each tube of the front and thirvad
rows is put a velume containing 3 M.H.D. of complement (e.g., if the
M.H.D. of the complement is 1 in 60, a volume of 1 in 20 is placed in each
of these tubes). Into every tube of the second row is put a volume con-
taining 5 M.H.D. of complement. -

It will be seem from this arrangement that the third row differs from
all the others in containing no extract. It is a control to show that the
amount of serum in each test cannot by itself deviate the smallest amount
of complement used in the test.

The tubes are shaken, allowed to stand at room temperature for half
sn hour, and then placed in the water-bath incubator at 37°C. for half an
hour. Formerly it was the practice to place the tubes in the incubator
at once, but a dificulty was raised when Jaecobsthal pointed out that
in some cases hinding of complement in the Wassermann test took place
better at 0°C. than at 37°C. Guggenheimer then found that in some
cases it was better at 37°C. than at 0°C., and Thomsen and Boas that
in no case did binding occur better at 0°C. than at room temperature, but
that in the majority of ecases the reaction took place better at room
temperature (or at 0°C.) than at 37°C. In a series of 200 sera which |
tested at the same time by both these methods the results practically con-
firmed these conclusions. Of the total number tested, 35 were positive after
preliminary incubation in the water-bath, as well as after standing at
room temperature, and 158 were negative. Of the remaining 14 sera, 7
gave a positive reaction only after incubation at 37°C. and 7 only after
standing at room temperature. The practical solution of the difficulty
is that suggested by Boas, to incubate first at room temperature and then
at 37°C.

At the end of this period, to each tube iz added a volume of sensitized
cells, and incubation allowed to proceed. The tubes are shaken every
five or ten minutes and if the normal control serum is placed last it iz
sufficient to take the reading when this shows complete hmmolysis. As a
rule, the reading can be taken in half an hour.

The following are the rules to be observed in reading the results:
(1) Failure of the normal serum test to show complete hmmulj:sis in all 1ts
tubes entails rejection of the whole batch of tests. (2) Failure of any
tube in the third row (coutrol) to show complete lysis entails rejection
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The disadvantages of the ordinary pipette method can be overcome by
the use of dropping pipettes, as devised by Donald. These depend on the
principle that, at constant temperature and pressure and at a constant
delivery rate which does not exceed one drop per second, the size of drop
of any given fluid which is delivered by a verticaliy held nozzsle is constant
and ends on the circumference of the delivery nozzle at its outlet.

For fuller details of this method of measurement, the reader is referred
io the papers mentioned below.* It is proposed here to deal only with its
application to the method of conducting the Wassermann test. which has
heen described above.

I have carried out s large number of Wassermann tests by the dropping
methed in parallel with the hand pipette, and the two series have agreed
so consistently as to results that the dropping method has been adopted
as routine at Rochesier Row for all oceasions when more than twenty tests
have to be carried out.

In the test as described above the volume of neat liuman serum is
one-fifth that of the diluted extract, diluted complement, and sensitized
colls, respectively. For practical purposes the same nozsle delivers com-
plement, saline and sensitized cells in drops which are of equal size, but
to obiain the same-sized drop of extract it is necessary to have a larger
nozsle. Droppers of three different sizes are required.—one for the human
sernm, one for the diluted extraet, and one for the saline, &c. The
appropriate sizes can be obtained by the use of a Starrett’'s Morse drill
and wire gauge, No. 186 (L. 8. Starrett Co., 36, Upper Thames Street,
London, E.C.), for the smaller sizes, and a Raweo gauge, Columbus
pattern, for the larger,

The sizes of the nozzles used at Rochester Row were found by a process
of trial and crror, and are now made as follows: For saling, complement,
and sensitized colls, a piece of glazs tubing iz cut off squarely at the point
where its outside diameter is 0-76 c.m. on the Rawco gange. At about
two inches [rom this point the tubing is softened in the flame.and drawn
out to a short, wide capillary, where it is cut off. This results in a short
nozzle with its upper end throttled. For extract, a noszle is cut in the
same manner so as to gauge 9 com. For human serum, a piece of
glass tubing is softened in the flame and drawn out into a capillary,
the sides of which are as nearly eylindrical as possible. This is passed
through the No. 56 hole in the Starregt legl.‘ until lightly grilpped by
the Iatter and is cut off with a sharp, glass-cutting knife as closely to
the upper surface of the gauge as possible. (For the details of making
such a knife, the reader is referred to ° Technigque of the teat and
cipillary glass tube,” mentioned above.) The tube is just nicked, then
withdrawn from the gauge, and broken across at the nick, The cut end
must be square, as in the case of the larger pipettes. The gauges used
for these purposes must be kept as free from grease as possible.

Fach of the nogzles made as deseribed above must be earefully tested,
as follows: The dropping end of the nozzle is [reed from grease by dipping
it in an alcobolie solution of caustie potash and thoroughly rinsing under
the tap. It is then set up as shown in figure I, being attached to the
delivery end of a 1 c.e. pipette, graduated in 0-01 c.c., by a short length
of rubber tubing. The pipette is, in turn, passed into a larger tube,
one end of which has been closed in the Hame, and the other fitted with
a short length of rubber tubing. The latter fits the sides of the graduated
pipette so as to make a moderately air-tight joint, which, however, allows
the outer tube to slide over the pipette (a iliit-ln glysering smeared over
the sides of the latter acts well as a lubricant)., The combination is set
up vertically in a burette stand, taking cspecial care to have the dropping
nogzle vertical,

To measure the drops, the outer tube is first pushed down over the
graduated pipeite as far as the place where the latter is gripped by the
burette stand. A vessel containing the particular fluid which the dropper
is designed to deliver is lifted up so that the delivery nozzle dips below

* Donald It. Proveeds of the Roval Society B., wol. lxxxvi., 1913,
p. 198202, Laneet, June 29, 1812, p. 1752. Lancet, December 4,
gmﬁ, vol. 1L, p. 1243, Lancet, Beptember 2, 1916, vol. 1I., p. 423.
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Extract of appropriate strength is dropped into each tube of the front
two rows, and, after suitable incubation, sensitized cells are added to
each tube by a dropper of the same size as that used for saline,

It will be seen from the above that the hard work connected with the
dropping method is in the beginning, when the appropriate nozzles are
being found. After this it is almost automatic, and accuracy is indepen-
dent of fatigue, In this it has a great advantage over the hand pipette
method., A worker may be quite accurate at first with the latver, but
after the measurement of some hundreds of volumes of various fiuids in
one day, accuracy is apt to suffer,

In using the drop method some precautions are necessary. (1) The
nozzles should not be allowed to become greasy. A good plan is to keep
them in saline between tests, and before use to dip them in alcoholic
solution of potash, which i removed by rinsing under the tap. (2) The
set of nozzles should be tested at intervals to see that they are still
delivering drops of the correct relative sizes. (3) The dmplf;er should
always be vertical when in use. (4) Drops should be delivered as mearly
as possible at uniform rate. This is fairly easy to arrange with the
separator funnel, but demands some little skill with the teat. Donald
recommends that the fundus of the teat be squeezed firmly between the
ulnar edge of the thumb tip and the radial of the index finger. Then
by rolling the thumb towards the fundus of the teat the pipeite is filled,
while rolling towards the latter empties it steadily, This 1s better than
manipulating the teat delicately between finger and thumb,

1 have found the method of conducting the Wassermann test, which is
deseribed above, entirely satisfactory in over 10,000 tests. Its great advan-
tage iz that it is economieal in reagents and incubator space, and this is
a consideration when large numbers of tests have to be carried out in
one day, and when a class has to be supplied with materials for practice.

1! - Mgreop vsep By C. H. BROWNING, M.D., ar rar Braxp-Suriox
Ixstirutre, Mimbresex HospiTan (BaseEnp ox 1HAT oF BrowNixa,
CRUICKSHANE, AND DMaACKENEZIE, MODIFIED BY DBROWNING axD
KENNAWAY).

A fixed amount of each patient’s serum plus a fixed amount of
“antigen "' is tested along with varying amounts of complement; the
amounts of complement are conveniently measured in hsmolytic doses,
but it must be emphasised that no invariable relationship exists between
the hamolytic power of a complement and its capacity for being fized in
the presence of syphilitic serum + ““antigen.”

{In spite of statements to the contrary, it is definitely proved that
similar variations in complement are found when using both ox’s and
sheep’s blood + IB (from the rabbit), provided that the tests are arranged
g0 4% to enable differences of this kind to be detected when present.)

The antigens consist of aleoholic ox-liver * lecithin '* solution alone and
plus cholesterin ; one part of each solution being emulsified with 7 parts of
saline so as to yield maximum turbidity.

Different hatches of antigen are standardised by using varying strengths
of lecithin and cholesterin till concentrations are found which, when
repeatedly tested with standard positive and negative sera, give practically
the same guantitative results, gua amount of complement fixed, as the
specimen of antigen already in use.

Preliminary to each day’s tests, the hwmolytic dose of complement
(gninca-pig's serum which has been kept for about 18 hours after with-
drawal of the blood) is determined as in the Complement Control (see B.
below). except that the mixture of complement and saline is not incubated
prior to the addition of the sensitized red corpuscles. (Immune boedy, as
a rule, need not be titrated on each oceasion; insufficiency of immune
badv for the particular specimen of red corpuscles in use is generally
indicated by great ‘* tailing off ' of lysis when the preliminary estimation
of the hemelytic dose of complement is made.)
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defibrinate it. The blood will keep in the ice chest for three or four days.
When required, fill the glass cenirifuge buckets with the blood and drive
down the corpuseles. Remove sernm and add saline ; shake and cantrifugﬁ.
This constitutes the first washing. There must be three washings in all.
The first may be carried out the day before the corpuscles are required.
After the third washing remove the saline without shaking up the
corpuscles. At each washing there must be from % to 10 times as much
saline as corpuscles.

(¢) Guinea-pig complement. On the day of the test kill a guinea-pig
by cutting its throat and collect the blood in a saucer. The animal is
first stunned shightly by knocking its head upon the edge of the table.
Pour the blood from the saucer into a small conical glass, ** Whip" to
defibrinate with a piece of cotton-wool upon the end of an iron wire.
Centrifuge and pipette off the serum,

(f) Antigen. his must be kept separate in two bottles A and B.
Preparation of heart extract %:L'\] Obtain a fresh human heart,
With a pair of scissors cut off the muscular portions of the ventricles
and elsewhere, but do not take fat. Mince these pieces and weigh
them. Place in a mortar with a little sand and grind them up with
absolute aleohol, using 9 c.e. of aleohol to 1 grm. of heart. Transfer
the whole to a well-fitting glass-stoppered bottle, and shake occasionally
for one and a half hours. Filter into another well-fitting glass-
stoppered bottle through paper and preserve in ice chest, A deposit
will be found to form and this may filtered off again. Cholesterin solu-
tion (B). Take 1 grm. of pure cholesterin, such as Kahlbanm's, and place
in a well-fitting glass-stoppered bottle. Add 100 c.c. absolute aleohol and
put in the stopper tightly. Shake and heat in watfer bath until the
cholesterin is dissolved,

(q) Amb tor. This will usually be purchased, although most sera
upon the market are somewhat feeble in action.

3. Standardisation of the amboceplor.—To be performed with two dif-
ferent guinea-pigs to ensure average complement action. The standardi-
gation should be repeated after several months.

a. Materials. 1. Baline solution. 2. Tube containing 05 c.c. guinea-
pig's serum and 05 c.c. saline. 3. Tube containing amboceptor diluted
1 in 1,000 thus: Tube a = ambo. 01 e.c. (exact) + saline 9-9 c.c. (shake);
tube b = 1 c.c. from tube a + 90 c.e. saline (shake)—this is 1 in 1,000.
4. Tube containing 1 c.c. of deposited washed corpuscles + 19 c.c. saline
(shake). 5. Rack with 9 test-tubes 4 x §.

b. Method. TFill reagents into the tubes as indicated.

No. of teat-tube | g A 1

,i Pipette to

| 4|5 |6 B |9
. f | be used,
L Saline ... .. |0:8/0-70°6/05/0°4/0°3/0:2/0°1| 0 | 10ce,
I | |
2. Ambo. (tube 38) [0°1[0-2/0-3 ﬂ-'di{}'ﬁ-ﬂ'ﬁiﬂ'T!{}-Bfﬂ-Bi 1 ce.
3 Uomplumaut} [ R Dl e PR S RO e
o ,UlUIﬂll}I,ﬂllﬂlﬂirﬂlﬂli 1 ce.
4. Blood (tube 4) ... iura 0-5[05 ﬂ'ﬁ!{i'ﬁ,{}'ﬁ 050505 10 ce.
| | |

Shake. Incubate for one hour at 37° C. and then read off the minimal
hmemelytic dose—i.e., the first tube which is absolutely clear. Tf the m.h.d.
does not fall between 00001-0-0009 c.c. the amboceptor should be rejected.
A weak amboceptor sometimes gives obscured readings in the test proper.

4. Daily Routine.—(1) Wash or complete washing of the blood corpuscles.

(2) Kill the guinea-pig and prepare the serum.

(3) Make up fresh saline solution. ‘ -

(4) Standardise the complement without antigen and in the presence of
antigen, (All subsequent measurements under 1 c.c. are made with the
1 c.c. pipette; up to 10 c.c. with the 10 c.e. pipette; above 10 c.e. with a
50 c.c. measure.) Materials: (a) Four tubes in the rack front row; four
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be used is found once and for all by experiment. A pipette made in No. 53
| Etuh:l}a will deliver 0-1 c.e. of serum in 4 drops. Always hold the pipette
vertically and wash with water between each serum. When the sera are all
filled in make the tubes into a bundle in some safe and convenient manner
and suspend them in a water-bath standing at 55°-56° C. for 30 minutes.
Then replace them in the racks in sequence. When testing cerebro-spinal
fluid use twice as much and do not heat it. If sera are removed from the
capsules for storage in the ice chest, they may be inactivated in the
pipettes in which they have been stored and distributed from these
pipettes by the method of Donald.

6. Preparation of the reagents for use.—(a) When the complement is
standardised make up a sufficient quantity of the correct dilution to allow
0-5 c.c. for each tube and a little over. (b) Also make up diluted antigen
as shown in the table. Mix in the manner already described for antigen,
allowing 0-5 c.e. per tube for half the total number of tubes.

No. of tubes. e Heart, Cholesterin. Haline.
20 = 15 = -6 4 -4 - 14-0
40 —- 20 = 0-8 —+ 0-53 - 186
5. = 25 — 10 4 067 + 23-3
Gl = 40 = 12 + 0-8 - 280
T0 — 1] — 1-4 + 0-93 & 326
] = 40 — 16 + 1043 &+ 273
a0 — 45 — 1-8 4 1-2 + 42 10

100 = a0 = 20 + 134 4 466
110 = 55 —— 29 + 147 + Bl:3
120 = GO B P ~+ 1-6 -+ a0
130 — 65 = LA 1] - 1:73 -+ IR
140 — 70 e 2-8 + 1-86 + 653
150 = 75 = &0 -+ 2-0 + 70-0

7. The test proper.—Mix the diluted antigen with an equal quantity
of diluted complement, and then measure 1 c.c. of the mixture into the
left hand of each pair of tubes to which the serum has been already added.
Shake. It is to be understood, of course, that the mixture iz to be dis-
tributed as soon as 1t iz mixed, and i=s not to bhe allowed to stand. If
the number of cases to be tested is large, it will be necessary to mix
antigen and complement in smaller batches in order to avoid loss of
complement before the test begins.

ix the rest of the diluted complement with an equal guantity of
saline, and measure 1-0 c.c. into the right hand tube of each pair. Shake,
Incubate for one hour in the air ineubator, Add 05 e.c. of the corpuscle-
amboceptor mixture to each tube. Shake. Place the racks in the water-
bath and read resnlts when some of the tubes are quite laked while others
are li'[uita opaque—i.¢., in about 15 minutes.

All the right-hand tubes should be laked completely, but as it requires
considerable skill and practice to read the resulis at this stage it is
advisable to allow the racks to stand at room temperature for two or
three ll]murs for in the ice chest overnight) to deposit the corpuscles
partially.

8. Reading results.—In reading the results it must be remembered that
as individuals hecoming infected with syphilis pass from negative to posi-
tive, and after successful treatment pass from positive to negative, varying
degrees of inhibition may he met with from time to time.

i the supernatant fluid is colourless or only slightly tinged the result is
to be considered ** positive.” Such reactions are diagnostic. Tubes show-
ing inhibitions of lesser degrees than the above can be judged only when

. all the facts of the case, including treatment, are known. TIn the case of
| a known syphilitic patient these results should be returned as “ slightly
positive ' or * negative, trace,” according to the degree of inhibition.
Otherwise they are to be returned as negative. Complete hremolysis is a
“ negative "’ reaction.

Note.

Owing to the necessity for economy, the test has been carried out with
half quantitics for the past 5 months. Half-inch test tubes are used, with
racks to fit. All the preliminary tests remain as above, but in the test
proper evervthing is halved.
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Special Reagents.

_ Lomplement.—The best complement for the Wassermann test is contained
i guinea-pig serum. The animals should be well-fed and not pregnant.
The blood may be cbtained by cutting the animal’s throat over a glass
Eunn:l ; from the ear, if only a small quantity is required; or by heart
puncture.

The blood, however obtained, should be placed in the incubator or water-
bath at 87° C., and the serum removed from it as it separates. Finally,
the serum should be centrifugalised until perfectly free from cells.

The complement-containing serum should be used from blood drawn on
the day of the test, and its hmmolytic activity and other properties in-
Enr:ab]y determined by titration (as shown below) as a preliminary to every
day’s tests.

“Antigen ' or Extract,—0f the various extracts which have been recom-
mended at one time or another, that prepared from heart and reinforced
with cholesterol, as recommended by Mclntosh and Fildes, will be found
simple to prepare and as satisfactory as any in use at the present moment.
It may be prepared as fnllﬂws:—ﬂwing obtained a fresh heart, cut off
some pieces of the left ventricle, avoiding fat, mince in a machine, and
weigh out 10 grammes of the mince. Place in a mortar with some clean
sand, and grind up with %0 c.c. of absolute alcohol. Place the whole in a
well-stoppered bottle, and shake at frequent intervals during the next few
hours. Allow to stand over-night, and filter into a stoppered, amber-
coloured, glass bottle through filter-paper which has been washed through
with ether and allowed to dry. The filtrate should be allowed to stand for
a week before being used. During this time a deposit settles to the bottom
of t:l‘:i:dbuttle; in drawing off extract for the tests the deposit should be
avol .

Extract will keep in good condition in the ice chest for six months.

Nolution of Cholesterol.—Weigh out one gramme of pure cholesterol and
place in a well-stoppered bottle with 100 c.c. absolute alcohol. Shake well,
warming in a water-bath at 37° C. until the cholesterol has dissolved.

Immediately before the test three parts of the extract are mixed with
two parts of cholesterol solution, and a 1 in 15 dilution of the mixture is
made in (-85 per cent. saline solution in the following manner:—

The necessary amount of heart-extract-cholesterol mixture is placed in
a large test-tube, and the saline added suddenly to it.

Suspension of Washed Sheep's Cells,—A number of large glass beads arc
put into a stoppered bottle of litre size, and the whole sterilised in an auto-
clave, or a Koch's steamer. The sterile bottle is taken to the slaughter-
house and half filled with sheep’s blood, after the sheep has bled for a few
minutes. The stopper is replaced, and the bottle vigorously shaken for at
least five minutes. Until required for use the blood should be kept in the
refrigerator, and fresh blood should be obtained every three days. Instead
of being whipped, the blood may be received into an equal quantity of a
2 per cent. solution of citrate of soda in 0-85 per cent. salt solution. To

repare the suspension of washed sheep’s cells, pour about 5 c.c. of the
whipped blood into each of two 15 c.c. centrifuge tubes and fill up to the
top with sterile, (+85 salt solution. Spin until the cells are all deposited.
Remove the supernatant fluid, replace with saline, and shake. Repeat the
operation four times, using a clean pipette each time. Finally, remove
the supernatant saline and make a 6 per cent. suspension of the deposit in
saline.

Anti-sheep Cell Amboceptor may hmrapared aa deseribed on p. 16, or
obtained from a central laboratory. ether prepared locally or obtained
elsewhere, it should invariably be titrated before being taken into use, and
at intervals of about three months afterwards. An amboceptor of lower
titre than 1 in 1,000 should not be used. The method of titration is

describad below.
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Place 005 ¢.c. saline into each tube of the first row and 0-25 c.e. into each
of the second row. Place 0025 c.c. of the 1 in 15 dilution of heart-
extract-cholesterol mixture in each tube of the second row. After allowing
them to stand for half-an-hour at room temperature put the tubes of the
first and second rows into the water-bath at 37° C., and after another
half-hour add to each tube (+25 c.c. of the 3 per cent. suspension of
sensitised cells. Thus the total volume of fluid in each tube 15 1-0 c.c.,
as in the test proper. Shake at once and every 10 minutes afterwards.
At the end of half an hour read the result. The tube in the fromt row,
which shows complete hemolysis and contains the highest dilution of com-
plement, represents the minimum hemolytic dose of complement. The
tube in the second (antigen + complement) row containing complement
twice as strong as the above should also show complete hmmolysis. Thus,
if the last tube in the front row which showed complete hemolysis were
that containing 1 in B0 complement, this would represent for the purpose
of the test the hmmolytic dose of the complement; then in the second
row hemolysis should be complete in the tube containing 1 in 40 comple-
ment. If not, the complement should be rejected. Complement, the
titre of which is less than 1 in 30, should also be rejected.

The third row is reserved for incubation with the test proper, and serves
to detect any deterioration of the complement which may have oeceurred
during the time it was standing before addition of the sensitised cells 1n
the test proper.

The Test Proper.

Remove from the water-bath as many trays as will be required for the
test, commencing with that numbered 1-12, and so on serially. Set out
the inactivated sera in the back row of each rack, in serial order—Nr. 1,
the control syphilitic serum, being opposite Nr. 1 hole, and so on to the
last number, the control normal serum, Fill the remaining holes of each
rack with empty test tubes so that three tubes stand in front of each
gpecimen of inactivated serum. Take Nr. 1 serum and measure 0-25 c.c.
of it into a small test-tube (not in this rack). Add to it 1 c.c. saline.
Mix and measure 0025 c.c. of the 1 in 5 dilution so obtained into each
of the three tubes standing in front of Nr. 1 serum. Repeat the procedure
with Nr. 2 and the remainder of the sera in turn.

Make a dilution of the complement which is three times as strong as
that representing the minimum hmmolytic dose. Thus, if the M.H.D.
of the complement on the day in guestion were 1 in 60, a dilution of 1 in
20 would be made here. Add 0-25 e.e. of this dilution to each tube of the
front and third rows. Bimilarly, make a dilution of the complement
which is five times as strong as tﬁat representing the minimum hsmolytic
dose. Add 025 c.e. of this dilution to each tube of the zecond row.

Add 025 c.c. of the 1 in 15 dilution of antigen, prepared as already
described, to each tube of the first and second rows, and 025 c.c. saline
to each tube of the third row.

Also add 056 c.c. saline to each tube of the complement titration row
which was held in reserve when this operation was carried out.

After allowing all the tubes to stand at room temperature for half an
hour, place the racks in the water-bath at 37° C. After half an hour add
to each tube of the first three rows and of the complement titration reserve
row (:25 c.c. sensitised cells. Shake at once, and again after 15 minutes.
Watch the third row (serum control) and mark for re-test, if n , an
sera where hemolysis lng;g;l&ﬁnitel}f behind the others in this row. %i‘a.tcg
the last set of three tubes (normal serum control) for hmmolysis. Ten
minutes after hmemolysis is complete in the front row tube of this set,
remove the tubes from the warm bath and place them in a water-bath
containing ice. Read the results in an hour or so, when the cells will have
settled somewhat, and the condition of the supernatant fluid can be ganged
more easily. With experience, it will be found easy to read results 10
minutes after the serum control tubes show complete lysis.

Pl
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Reading of Results.

(1) Where any third row tube has lagged behind the others in showin
complete lysis the test of the serum of which that tube is the control shoul
be rejected and the test repeated with another specimen, unless there is
hwemolysis of the cells in the front row tube, indicating that the serum
is giving a negative reaction,

(2) If the front row tube of the Nr. 1 set (syphilitic serum control)
shows any hemolysis, or the corresponding tube of the last set (normal
serum control) fails to show complete bemolysis, the whole set of tests
should be rejected. This is a very rare occurrence, and investigation
would usually disclose an error in technigue. The tests must be repeated
with another complement, and it is advisable then to introduce three or
four additional syphilitic and normal controls.

(3) The following notation is suggested for recording the different grades
of reaction:—

(a) Complete inhibition (no tinge of hsmoglobin in the fluid around
or above the cells) in the front and second row tubes = 4+ +

{b) Complete inhibition in the front row tube, some opacity in the
second row tube, but also some hmmnﬁfis = ++ )

(¢} Complete inhibition in the front row tube but complete hmmolysis
in the second row tube = 4+

(d) Slight hemolysis in the front row tube = %

(€) Considerable hwmolysis in the front row tube =+
As a matter of precantion it is advisable to re-test sera which give
merely + where the case has not been diagnosed as syphilis previously.

Interpretation of Results for Purposes of Diagnosis, efe.

Where the case has not previously been diagnosed as syphilis (by finding
of spirochwmtes wnﬁﬂus Wassermann test), no weaker reaction than +
should be accepted for diagnostic purposes.

Where, in such cases, the reaction is * or *, it should be regarded with
suspicion, and steps taken to repeat the test on another specimen taken
aFtBiT”mrly date, preferably after a provocative injection of * 606" or

In cases where the dputiunt has already been diagnosed as syphilitic,
and the test is required as a guide to the administration of further treat-
ment £ or + should be regarded as an indication that sueh further
treatment is necessary.

Elaboration of the above Test for the Pu:gose of Indicating more closely
the Strength of the Reaction,

Three courses are available : —

(1) To test the serum against diminishing quantities of extract, keep-
ing the amounts of the other ingredients the same. :

(2) To use diminishing amounts of the serum, keeping the amounts
of the other ingredients the same.

(3) To test the serum against increasing quantities of complement such
as 3, 5, 10, and 15 doses.

In the case of {la‘aud (2) the strength of the reaction would naturally
vary inversely with the amount of the varied ingredient required to
deviate three minimum hmmolytic doses of complement. In the case of (3)
the strength of the reaction would be determined by the number of doses
of complement deviated. Of these methods, (2) and (3) are recommended.













