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. DIAGNOSIS: OF TUBERCULOSIS
L, BY

FPIXATION OF TBE COMPLEMENT _ METHOD.

1.  INTRODUCTION.

A_: THEORY . To m;ldersfa,hd “bhoi‘oughly the principles of
sero;-dia.grlosis the elemental theories of Immunity must first
be grasped.

| Under normal conditions when bacteria invade a host,
subsﬁa,nces are produced in 'bhe serunm of ‘bhe host which effect
dissolution of the invading organism. The infec“bing bacterila
are cla,ssified as ANTIGENS , and the protective substances
formed in the host are known generieslly as IMMUNE BODIES .

These immune bodies are complex , and fall into many
groups:~ opsonins N a.ggl.utinins , and precipitins which prepare
‘the bacteria for the action of more oompléx bodies, bacterioly-
sins , and also for phagocytosis by the white blood cells.
Other immune bodies are alse produced to neubtralise the
poisdns derived from the bacteria , such have the nature of
Antitoxins. The above is the briefest of skebches of
the I-IUMORAL THRORY OF IMMUNITY now generally accepted.

If serum containing immune bodies ‘is taken and heated
to 55°C and then mixed with a suitable dose of the antigen,
with proper technique the action of the opsonins , agglutinins ,
and precipitinsg can be demonstrated, bubt the bacteriolysins
shew no aoction wuntil fresh unheated serum is added, when
they will effect lysis or dissolution of the bacteria.

There is then in the serum another body , thermo~-labile
in cha,i‘a,c‘ber , Which must be presgent before ba.o‘beriolyéis is
possible. This body which has the nature of a ferment is
known as the COMPLEMENT or ALEXIN , and when present permits
the bacteriolysins or BACTERIOLYTIC AMBOCEPTORS to éffec*b
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‘lysis of the antigen, bubt by doing so it becomes "used up",
or fixed.

Similarly, after injection of blood corpuscles from
an animel of a different species, immune bodies are formed
in the hogt's blood‘which will ocasuse lysis of the blood
cellsf ”These have the nsture of amboceptors , acting only
ir; the presence of free complement, and are known as
Heemolysins.

B HAEMOLYSIS is the separation of haemo'globin from the
cells , the opaque blood solution thereby becoming transparent.
In vitr®, lysis of blood cells oan be effected by the
addition of any fluid not isotonic wiph blood corpugcles,
but in bacteriology the term indicates the conversion of
blood solution into & transparent colour in an isotonic
medium, through the sction of a specific - amboceptor. As
with bacteriolysins, so with haemolysins, if the serum be
heated to 55°C and the complement destroyed ~ a process Bf
INACTIVATION - and then added to the antigenic red blood
pg}ls! ~ho haemolysis will occur. The Red cells however are
now said to be SENSITISED, as lysis will occur whenever
free cqmp}ement-is added.

Bordet and Gengom aveiled themselves of this property
of gensitised blood cells, in the sero-~diagnosis of Typhoid
Fever. They took serum from a pabient suffering from
Enteric Fever , which contained both immune bodies and
complement ,(as the latter had not been driven off ) and
added to it a suitable doss of antigen, an extract of
typhoid bacilli, and incubated it. After a suitable period
of incubation sensitiwed blood cells were added:~ No

'
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haemolysis however occurred as the complement had become
PIXED to tﬁe anbigen and amboceptor.

Repeating this experiment with heslthy serum they
obtained haemolysis, as the complement could not be deviated
owiﬁg to the absence of a bacteriolytic amboceptor.

As the amount of complement present in an individual's
gerum is very inconsbtant, now-a~days it is customary to
inqctivate all sera to be tested, and theﬁ add a definite
quahtity of complement of pre-ascertained strength.

Purguing these lines , WASSERMANN employed the
princiylgsof sero-diagnosis for syphilitic sera .

He employed as his antigen an alcoholic extract of
the live: of & syphilitic foetus - in which organ spiroch-
getés are Very numerous. Hig results were mpst startling
&nd his test has been of invaluable service in revealing
?he pathogenicity of formerly obscure clininpal conditions,
which of later years have been proved to be of syphilitic
origin. It should here be pointéd out that a "positive
Wassermann reaction," only indicates the preseﬁce of an
immune body bto the spirochaete in the serum tested. Such
an immﬁne body is not normaslly present in healthy serum,
bum is only formed after infection by the spiroch&ete; and
as its formation, like the others 6f Nature's defences,
xequires time , so will a positive reaction qnl& be obtained
after a definite period from infection.

Of more recent years a considerable amount of work has
bgen @one in. endeavouring to employ the fixation of the
pqmplement method as a diagnostic means for almost every
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form of infective disease e.g. Tuberculosls,; Influenza;
Malaria ; Yaws; Hydatid Cysts; and diseases caused by
intestinal parasites, nematodes etc. and many others.
"Marmorek, who a short time ago, startled not only'the
medical world, but the laity as well, with the announcement
Ph&t he had found a new diagnostic for Tuberculosis, did

nothing more than apply the method of Compdement Fixatbion."

B. OPINIONS QF PATHOLOGISTS AND CLINICIANS.

Regarding the value of the results hitherto obtained
from Complement Fixaﬁion work in Tuberculosis, there is a
considérable lack of agreement in the views expressed by
pathologists and clinicians of standard repute. This is
‘without doubt , in part due to the want of uniformity in
the techhique of the btest, in part to the difficulty in
recognising the protean forms of Tuberculosis, and in part
o the fact that itvis not sufficiently understood that a‘
positive reaction merely indicates the presence of an
immme body to the Tuﬁercle Bacilius in the blood serum,
apd doés not neoessaiily indicate thabt an active tuberculous
1e§ion is present, though in this case it certainly does
presuppose that the individual has at seme time suffered
from some Fform of Tuberculosis - generalised or local -
which however might quite conceivably have been overlooked
or incorrectly(diagnosed. Hblding'these points in view,
it ig not difficult to appreciate the want of uniformity in
ﬁhe views of Men who have written om the subJect; a few of
whgm it would not be out of place to quote - In discussing

the/




the questiqn of the presence of Immune bodles in ‘I‘uberoulos—g
is - MUIR and RITCHIE, write the "Evidence for the existence
of these in Tuberculosis has'been\sought for by applying
the method of Complement Fixation, e.g. the serum of
Tuberculous animals being mixed with Tuberculin and the
mixture is tested for its capaciby of absorbing complement.

Following this line Wassermann and others have found
evidgnce Qf the presence of an Antituberculin in tubercul-
ous fdci @nd thig is taken as the occurrence of a vital
rggptioi againgt the poisons of an invading organism -
generally speaking such an Anti-tuberculin is absent from
thg blood serum of most tuberculous patients - It may be
pregent in the serum of patients subjected to repeated
’Tuberculin’injections."

AIn ‘the same connection Dr. A. BESSON says, "The
preseﬁce of Immune Bodies is very inconstant in'ﬁhe serum
of persons suffering from Tuberculosis. The method of
Complement Fixation 1s therefore not a?pliéable ‘to the
diagnpgis of Tuberculosis." This view he has derived
f?om papers oﬁrthe,suﬁjeot-by'Widal and Lé Souxd; Camus
and Pagniem; Wassermann andApthers.

As oppqsed to these views, Woklf-Eisner - réferring
tguphe_Diagnosﬁic signific&nce of Complement Fixation in
Tuberculosis says "Wassermann eiplained<that ‘the reaction
of»Qomplement Fix&ﬁion in Tuberculosis was of no practiocal
imporﬁ@ncqrsince ‘the biologic methods - fulfilled all
that was required of them ., Nevertheless the method of
Cémplement Fixation is of Scientific interest in |
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ﬁa;u@ble hints in regard to the findings obtgined py the
biologic method of Tuberculin diagnosis. Wassermann
and Bruck used Tuberculin as an Antigen, and sssumed in
consequence , that substances entering inte combination
with Tuberculin could be present only in persons who had
been treated for a considerable period with Tuberculin
injections. His experiments confirmed their view. "
"Woilf-Eigner was the firsb to assume that all
derivatives of Tuberculin were of the same nature and had
a similar effect. Consequently a great many investigatorsg
found Tuberculin antibodies in the serum of Tubefculous
patients , who were, to‘be sure, under the inflaénce of
gubstances reabsorbed from their own Tuberculous focé,

1"
but who had never been treated with Tuberculin.

l'These statements differ in detail, probably owing to
a difference in thechnique and the Antigen applied. AS a
rule the antibodies are foumd more frequently in advanced
th&n in initial cases, although there have been instances
in which it has been shown beyond a doubt that positive
fixations were present in healed or inactive Tuberculosis”

In his same able monograph on Sero-diagnosis, from

Which ?he‘above paragraphs are culled,Wollf-Eisner points
opt ﬁhat "it must be remembered that Complement Fix&tion
method34give positive regults, only where the reaction
substances ére present in the serum in comparatively large
quantities. "Phis explaing why the reaction often faills
in positive syﬁhilitie cases, especially in ititial
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cases where the reactive substances in the serum are not
vet sufficiently abundant, or in old cases where they are
inadequate . Only by assuming that this method fails in
the demonstration of small amounts of reachbive products,
can we explain Wassermann's first contention that reactive
bodies were present only in. tuberculous patients who had
been treated with Tubérculin, a statement which seemed to
' contradict absolutely the unity of the Tubercle Bacilli
toxins now proved by Wol if-Eismmer = to exist."

"However it soon appeared that Complement Fixation
methods yvielded results indentical as a whole with vital
antigen results. -~ Calmette's and Von Pirquet's reactions -
the only difference being Tthat small amounts of reactiﬁe
substances were not demonstralble by the former.

"Concurrent investigations of various authors proved the
fact, no longer digputed even by Wassermann , that positive
Complemenﬁ Fixation may be found, not only in individuals
treated with Tuberculin, bubt also in those in whom: large
amounts of Tubercle Bacilli products have been reabsorbed,
and in whom a greater production of reactive bodies might
be expected in evidence of a reaction of the organism

to the stimulus."

HAMMER working along these lines shews himself in
sympaﬁhy with the view qf undoubted reliability and diagnosti
va;ue of QOmplement Fixation work in Tﬁberculosis. He
employed as Ahtigen,varying quantitieé of Tuberculin
(Koch's O.T.)'&nd an Alcohol-acetone extract of Tuberculons:
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granulations from_the capsgule of a diseaseq_kqee—joint.

qu of 46 known cases of Tuberculosgis, 45 sera gave a
positive result, and the one which failed to react he notes
was the serum of a possibly cured patient. The above

then are views of pathologists on this subject, and it
yould not now be out of place to mention the opin?ons of

a, few clinicians, as it is only by the close co-operation

of the diagnostician at the bed-side, and the bacteriologist
in the laboratory that 4 definite advance can be made into
the undiscovered realms of sero-diasgnosis.

In their "Clinical System of Tuberculosis" BANDELIER
and ROEFKE write "Attemps have been made to embloy
the method of fixation of the complement for the early
diagnosis of Tuberculosis. The question whether this is
possible under certain conditions must be answered in the
negative. According to our experimentsthe serum of
cliniéally non-tuberculous persons can give the same
Complement Eixation results ag the serum of tuberculoué
people. Often too, as-with the agglutinsbﬁnltest,lthe
results of an old contest between the organism and the
bacillus may suffice to produne the reamction.

LAngﬁ exXpresses his view that while the test is
pqsitive in a large propnrtion of cases, it is, at present,
not .of much practical service.

CROCKET and WANG working in colliebowmtion, and employing
an antigen of thelr own preparation, got excellent results
fromra series of 360 oases. They « tested sera of known
normal and known tubércuious individuals , and their readings
from the test were with few exoeptions wmiformly good.

They considered thabt not only was the btest of value in
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the case of known tuberculous subjects bub also it threw
light on cases shewing no tubercle bacilli in the sputum,
and in ocases where the clinical signs were inconclusive.

C. PURPORT OF ARBICLE.

In view of the conflicting evidence of the afore-
mentioned authors, our endeavour in this paper will be %o
allign the results obtained in a series of 365
tested sera with the now generally recognised principles
of immumity and sero-diagnosis, and to suggest explanations
which may reconcile apparently contradictory resulis
hitherto obtained. The sera investigated have been taken
from subjects suffering from Pulmonary tuberculosis at all
stages‘of the disease, from "latent tuberculous" individ-
uals, from healthy people - édults and children, and in
a few cases from pabtients with tuberculosis of giands,

bones , joidnts and skin.




II. THE TEST.

A . REQUIREMENTS FOR THE TEST,

In order to examine for the presence of immune bodies
in the human sera, by means of the complement .fixation
method, the following are essentdal.

(1) Inactivated serum to be tested.

(2) Healthy serum containing Complement.

(5)' An Antigen of a suitable nabure.

(4) Suspension of Sensitised Red Cells. This Haemolytic
gsystem is employed as an index for the presence
of Free Complement after (1), (2), (3) have been

incubated together.
In addition the investigator will require in his laboratory.

(1) A water bath or an incubator thermo-regulated to

37°C.

(2) A water bath as inactivator. This must be set at
a mean temperature of 56°C.

(5) Glass Tubes. 3" x 3” and racks for same.

(4) Pipettes gr‘édua{‘ged 10 c.c.; lc.c.; and .1 c.cC.

(5) Physiological Saline sterile and freshly made.

If the drop method of Donald be smployed, suitable droppers
are alsc necessary. These must be carefully tested to

ascertain that the delivery is correct.

(1) SERUM TC BE TESTED . The pabient's serum is obtained
by puncturing a ¥ein - under surgically sterile conditions -
and withdrawing 5 to 10 c.c. of blood. This is received
“in a sbterile glass tube, free from grease and all chemical
reagenbs , and allowed tc coagulabte , and where necessary
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the clot should be separatbed from the edge of the tube.
When the serum has separated it is now pipetted into a
gterile serum bube whioh is then plugged and kept until
required for the test. It mmy here be mentioned that
careful labelling is a sine qua non, to avoid subsequent
confusion. When several sera are to be éeparated from
their respective elots, it dis quite obvious that the
pipette must be washed after removiﬁg each serum.

Should it be necessary (for any reason) to obtain
the serum without delay, the bloocd should be centrifuged
immediately it has coagulated, and the supernatant serum
then removed.

When dealing with a very nervous pabient, or one too
anaemic or too ill to jusbtify vein puncture, sufficient
sefum may be obtained for one test, by employing a Wright's
Capillary Capsule, ;fter having previously sterilised and
incised the lobe of the pabient's ear. This method of
obtaining blood however is unsatisfactory for general work.

On the day of the test , the sera must be insgctivated
(deprived of Complement) , by placing the tubes in a water-
bath at 55° to 56° C. for at least 10 minutes. L. W.
Harrigon recommends 10 minutes inactivation ; as he says
ih@t prolongedheating deprives the serum of some of its
reacting powers . Many authors however heat the sera for
20 to_3O minutes . Crocket ahd Wang recommended a period
of ip@gtivat;on of 2 hours in the case of tuberculoms sera.
Personally, although folldwing their advice for a con-
s}derable time , we later rejected it, as equally good

results/
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resulbts were obtained after only 15 minutes heating.

Dr. Crocket, afber a series of tests conducted with myself,
now agrees with this view.

The ANTICOMPLEMENTARY POWER of a serum is 1ts power Ffor
absorbing complement even in the absence of any other
reagent. (e.g. Antigen) . Concerning this feabure, although
the sera may have been previously inactivated it is necessary
to repeat the heating on the dgy of the test, as, has been
pointed out by Browning and Mackenzie, sera, which have
been kept for several days developed additional anticomple-
nmentary powers which however are for the most part rgmoved
by a second heating . Our own investigabtions on the anti-
complementary powers of sers have led us to concur with
this. The results of these invesbtigations we shall give later
when dealing with the standardisation of reagents.

As regards any undue HAEMOLYTIC POWER‘of inactivated
human sera for an emulsion of sheep's cells - personally
we have not observed this phenomena in a single case.

The method of PRESERVING sera for re—examination has
been to plug the serum tubes with non-absorbant gauze , and
keep them in an ice—-chest until required. If asSepsis has
been maintained such sera will keep For weeks without
becoming unduly anticomplementary in action. It is ideal
to keep the sera frozen until required, and if so kept
their anticomplementary sction is no greater‘than when
freshly employed. Should the sera have become contaminated,
& :seum of bacterial growth appears, unless the sera be
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frozen, and their gablcomplementary actlon/sc marked zs 4o
interfere with the test.

(2) COMPLEMENT. The serux of guinea-pigs has been
employed throughout for complement. To obbain this a guines-
pig is stumned by a blow on the nape of the meck, and while
the heart is still beating the throat is cut, and the blccd
collected by means of a fumnel into a large Gesbt-tube.

After coagulation, the clot is freed from the sides of
the tube a,nd get aside till the serum separates. -

Harrison employs complement 4 toc 8 heurs cld for his tests.
Browning and Mackenzie however dc notw use it will after 13
hours. We have employed it afuer 4, 6, 8 and 16 hours, and
now never use it wnbtil i8 hours old,as the rssulits chiaimed
yri’oh such complement have been more permerent than whem
fresher complement is employed.

Fresh complement appears tc be uwmduly sensitive , and
furthermore as it rapidly DETERICRATES at room tempermbure
during the first few hours, if employed too Fresh the
minimal haemolytic dose (see later) obteined in the
tibration of the complement will be insufficient by the t:mr@
the test is set up. Our method then has been to kill the
guinea~pig on the nisght previcus Lo the fay of the test, the
latber usually taking place in bthe afternoon.

If the complement be not clear when required for use it
shoulid be pipetited off and centrifuged for a Feow minubes,
when the red cells will be driven down. Regarding the
HAEMOLYTIC POW]EB‘ of guinea~pig serum Ffor sheep's cells . we
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have in no case observed haemolysis of the latter , unless
they be previously treated with haemolytic serum.

As guinea~pigs are most pfone to both bovine and human
types of buberculous infection, a POST MORTEM EXAMINATION
should invariably be held to negabive the possibility of
using unsuiﬁable serum. Should any lesions be observed,
the serum must be discarded. On one occasion although no
gross evidence of tuberculous disease was noted, the
qomplement gave positive readings throughout the whole

batch of tests, fof all sera, even the known normals. This

guinea~pig had 3 months previously been inoculated with a subq
lethal dose of an emulsion of tubercje bacilli for experi—
mental purposes, and it is probable that the guinea~pig had
deve%opedﬂsuff;cient immwme substance in its blood to
combét the infection before any rapid advance of the
d%géﬁse opcp;red, and‘ﬁhat it was these iﬁmune bodies which
Fapsed ‘the positive readings in the final test in the
presence of the tubercle antigen.

t_ }?he DURABILITY of complement at room temper@ture as
has been pointed out is relatiyely short. By ﬁhe end of
48 hours complement is np longer sultable, as too large
doses of the guinea~plg serum musb be used and the very
largeness of the dose of serum is in itself somewhat
anticomplementary . There is only one METHOD OF PRESERVING
complement and that is by freezing it solid. If merely
kept in the ice—cheét, the complement is lost. Harrison
- a@vises that the serum.bé pipetted into small capsules,
theﬂé to be placed in a test-tube, which is capped and
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immersed in’a freeging mixture within a good vacuun flask,
which is kept within an ice-chest. The ca,psules should 'Se
Qx&mined daily and the freezing mixture renewed as
necessary .

Only on one occasion have we had sufficient complement
to keep for a second batch of tests and foilowing his in-
structioné we found it had preserved its powers exceliently,
when used'a week later. Frequently for experimental pur-
poses we have kept small quantities of surplus guinea-pig
serum in the ice-chest , but never have we found it of use

after 48 hours except when frozen solid.

. ANTIGENS . Inasmuch as the patients, whose sera we have

tested, come from almost every walk of life, and as many
frequ@ntly shgw evidence of specific infection, it ﬁas
'peeg our custom to examine for the Wassermann reaction ,
as yellﬂasdfor the presence of immune substances to the
‘tubercle bacillus.

(a) SYPHILITIC ANTIGEN. The antigen we have used for

thejwassermahﬁ test has been that employed by McIntosh
&nd Fi1dés. | The ®eason foi this, ié, that this part of
the test with us is merely incidental - so ‘to speak -

and performed bo guwide us in the treatment of the patients,
and not ip the nature of a research. Moreover in the
'hgnﬁs_qf expgrt investigators, who have tested thousands
ﬁf.se?g iﬁ hag been foundrmoxp sgbisfactory than any other
antiggn{ apd»vill in all prob&bility become the standard
antigen!emplqyed. 'The antigen consists of a heart—
pholesterin extract which is pfepared as_foliows: The
Ffat of the heart having been cut away, the muscular
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portion of the left ventricle is minced and ground for ome
minute with Absolute Alcohol (1 gramme of Heart to 9 c.c.
of Alcohol) in a mortar with clean sand.

The mixture is shaken in a mechanical shaker for 1}

18.

hours , and théen filtered. The filtrate only is used and shouwld be

kept in a dark glass bobtle. Our extract was prepared
from a guinea~pig's heart as advised by Walker & Swift,
in ﬁlace of the human heart extract firgt used by McIntosh
and Fi}des.
A L%vsplumion of'Gholesterin (obtained from Baird & Tatlock)
is 5adeAin Absolute Alcohol and kept in a separate bottle.
When the extract is required for the test 3 parts of
Heart Exbract are added to 2 barts of Cholegterin sodhmtion,
this is diluted with 7O parbs of physiological saline: i.e.
the antigen employed is .a 1 in 15 dilution of Heait~
Cholesterin extract.
The results obt@ined fromthe use of this antigen have
been fmushworthy, repetition with fresh sera in positive
"gyphilitigs has given identical results. .

(b) TUBERCLE ANTIGEN . Before discussing the various

antigens w@ich we have tri?d, a few considerations of the
necessary qualifications of a good ambigen might be mentioned
The ideal antigen should in itself not be anticomplementary
fo any degree to interfere with the test; it should give
posgitive readings with Tuberculous sera}&ﬁése in which
immune substances to the tubercle bacilii are present;

and negative readings when these are absent. It is
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17.
obvious that & weak antigen may fail to give positive

readﬁngs where the amownt of immune substances 1is relatively
small , and that too strong an antigen may conceivably give
positive readings with normal sera. The CRITERIA we have
observed have been that the antigen is not anticomplementary,
that it gives positive readings with sera of undoubted cases
of active tuberculosis, that it gives negatives with known i
normal sera EV'.EIN WHEEN DOUBLE THE USUAL DOSE OF ANTIGEN is
employed, by this means a weak positive reaction leaves
1Vit“0_le doubt as to the class to which the tested serum
belongs'.

Along these lines many Antigens have been btested.

(1) CROCKET AND WANG employed an emulsion of tubercle
ba,qillj. after fohei:r fatty substances had been removed.
They toak a fresh growbth of tubercle bacilli on Veal broth, J
transferred it to a sterile bottle and dehydrated with i
Absolute Alcohol, after repeated changings, the Alcohol
was replaced by Ether in the pz-oportion of 100 c.c. to

10 grammes of the wot bacilli. The 'bottle was then shaken
in & mechanical shaker Ffor 2% hours, and then its contents
centrifuged. The residue was treated with Chloroform in
the same amount as Ether and shaken as before. Three
yglumes of Ether were then added, and the bobtzle shaken
for a.n‘o‘t_.her two houi‘s , after which Centrifugalisstion was
again cexrided dub.Alternately hhis process was repeated

with Bther and Chdoroform until § extractions hall been

completed.. The dry residue wes bhen stored in the damk. .
A fluid sgntigen was made up by grinding 100 mgm. of
residue in 3 c¢.c. saline in a mechanical mill over nightk.
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The flu.id was then dra¥m off , and the mask and balls
wekhed with repeated changes of saline. The washings were
pocled and saline added to 100 c¢.c. Phenol .56 was added
as a preservative, and the antigen then stored in the dark.

This antigen they employed for a series of 360 cases,
a,r%d claimed good results. We tried the same aatigen in
va.;‘ying doses but failed to get lasting readings - not in-
frequently all the tests would shew lysis after half-an-
hour. Owing to the ihstability of the results this antigen wasg
noc longexr employed.by us .

(ii.) HAMMER'S ANTIGEN. Hammer employed a nixture of Hoch'sg
0ld ‘I'uberculin‘, along with an Alcohol extract, and an Ether
extract of tuberculous franulations from the knee. He made
his mixture in a proportion of 1 part of Tuberculin to 10
parts of extract, and employed various doses. He reports on
46 cases only, but his results were good. Owing in part to
our inability to obtain suitable granulations, and in part
to our having obtained good results from various btuberculins
alone we did not pursue this line of research.

(diii.) Our investigations have been concerning the
relatbive antigenic values of exotoxic and endotoxic tuber-
culing of standard strength prepared in laboratories of
reputed fame; +to wit the Tﬁberculins of Burroughs Wellcome
& Co ., of Duncan Flockhart, of Lucius & Bnmlng , and of
Denys in Belgium. -

The fol;l.owing is a lisb of the various undilubed
'bubercul_ins whose Antigenic properties we have ditrated

with lmown normal and known buberculous sera:-

(2)/
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Tuberculin. Antigenic Value-

() Burroughs Wellcome's .
01d Tuberculin (T.) Human..... Fairly good.
" " (P.T.) Bovine.. Weak.
Tuberculin Filtrate (TOA) Human.. Feirly good.
" " (P.P.0) Bovine....Fairly good.

Noew Tuberculin (W.) Human...... Fairly good.
" " (B.E.) Human.........good.
" " (P.B.E.) Bovine..... good.

(b) Lucius & Briming Ltd.
Koch's 01d Tuberculin (0.T.) Humen..... good.
" " " (P.T.) Bovine.... good.
New Albumose free Tuberculin (T.A.F.) Human... good.

(¢) Duncan Flockhart's.

New Tuberculin. (B.E.) Human..... Fairly good.
" " (P.B.E.) Bovine.. Fairly good.
(4) Deny's.
Tuberculin Filtrate.............. Nobt suitable.

Bxcellent resuits were obtained from all tuberculins
manufactured by Lucius & Bruning, and from the new
‘PTuberculins of Burroughs Wellcome . We now regularly
employ as our tubercle antigen a MIXTURE OF BURROUGHS
WELLCOME , P.B.E. and B.E. TUBERCULINS for three reasons,
fiifétly, their relative cheamess; secondly, their guarantee
Sfcja._lilda.?d;sa,tiqn; and thirdly , that the results obtained
.lfla.‘V'e~ bgen 111 #ccorda.nce with the necessary qualifications
of a good antigen . The reason for mixing the human and
b_qvine types "~ds the theoretical one,that generally
speaking,tuberculous lesions in children are due to the
bovine type of bacillus, while with adults the affections
are usually caused by the human type. In practice we
have not infrequently fowmnd that a stronger posibive
réa,ding was obltained with sera from tuberculous children
when the P. B. E. element was introduced into the antigen.

We are in full agreement with the theory originally
extended by Wodlf-Eis:sner that "A;ll derivatives of

Tubercul 1n/
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Tuberculin were of bhe same nature and had a similar effect,”
but there is little doubt that the nearer the antigen
regembles the causative type of organism, the»sharper will
be the resulbs derived from the use of that antigen. This
would explain why notwithstanding that positive results are
obbained from the sera of tuberculous children with the
B.B. Antigen yet stronger results are gained by employing
the P.B.E. tuberculin. | .

The BXQTOXI{C Tuberculins ~ i.e. the Filtrates - are
suitable as Antigens if employed in sufficiently large
doses , geneially about ten times the dose of the endotoxic
tuberculins. Deny's Filtrate is an exception to this,
ﬁhe rgsults when employing it as antigen, were uniformly
poor and unstable. Under the heading of exotoxic
tuberculins must also be classified the Old Tuberculins
(0.7.) and (P.T.). The Antigenic properties of these is
mid-way between those of the Filtrates and the new Tuber-
qulins. Those manufactured by Lucius & Briuning however
are more potent thaﬁ the same tuberculins of Burroughs
Wellcome .

Regarding the ENDOTOXIC tuberculins, one or two features
are noteworthy. The New Tuberculin (W.) 1% lipoid free
and water-soluble , in other words it is practidally
equivalent to the Antigenlof Crocket and Wang. As it con-
tains less ﬁacillary substance , than the Bacillary emulsions
(PB.BE. gnd.B.E.) it was not surprising to find that it was
not quite stich a strong antigen. Although good it is tBo

expensive/
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expensive for use on a large scale.

When employing tuberculinsg as antigen the question
naturally arises as to whether the sera of patients who are
undergoing a course of tuberculin the?apy would not necessarily
give strong positive results irrespective of the activity of
their conditions.

This must be answered in the negative. Equally varying
reactions are obtained frbm sera of patients both who have,
and who never have undergone such treatment. In this
connection it may be pointed out that all actively tuberculous
individuals are constantly inoculatingthemselvés with thg
tuberculin from their own foci. Thig point will be fully
dealt with later on.

(4) THE HAFMOLYTIC SYSTEM . This is a suspension of
red blood cells sensitised by the addition of the inactivated
haemolytic serum from an animal which has been immunised
against the same type of red cells.

In all our tests we have employed a suspension of Sheep's
cells, Vhile thg haemolytic serum used has been from rabbits
immunisedrto sheep's célls. For the most part the haemolytic
gmbocepﬁor u@ed has been serum prepared by Burroughs Wellcome

which we have found quite satisfactory. Qur technique for the

preparation of the red-cell suspension has been along the usual

lines. SHEEP'S BLOOD is obtained from the slaughterhouse in
a sterilé bottle containing pieces of broken glass.

The bleod is immediately shaken vigorously to ensure
defibrination. Tubes are then filled with the whipped blood
and centrifuged at a high speed. When the cells have been

well driven down the supernatant serum is removed and replaced

with/ <
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with 0.8 per cent saline. The tubes are ghaken and again
centrifuged.‘ This operation is repeated four or five times.
Finally the supernatant saline is removed and a 5 per cent
sugpension of the washed cells ismade in physiological saline -
By the addition of an equal quantity of a suitable dilution
of haemolybic serum in saline, this suspension is convertéd
into a 2% per cent. suspension (which strength we have been in
the habit of using.)

The HAEMOLYTIC SERUM can be readily obtained by injecting
rabbits with washed sterile sheep's cells either intravenously,
intraperitoneally , or subcutaneously. Sma}l quantities of
blood are from time to time removed from the rabbit's ear,
and the serum titred,until a serum of adequate potency is
obtained, when the animal is bled to death. The serum is
collected under full aseptic precautions, inactivated, and

stored in an ice—chest until required for use. It should

be retitred every three months .

Ange have not been in the habit of preparing our dwn

_ |
haemolytic serum, I have purposely avoided enlarging on
this subject in this paper.

Defibrinated sheep's blood tends o undergo MADToﬁYSIS
aftor 48 o 72 hours even if kepb in the cold. If For any
reasén it is necessary to keep the red cells for work on
a spbgequent day, a better plan,with us,has been to make a
5 per cent suspension in physiological saline without
however adding any haemolytic serum. On the day of the test

this suspension is well shaken up, and made into the 24

suspension of sensitisdéd blood cells as previously described.
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BE STANDARDISATION OF BEAGENTS .

In complement, fixation work it is necessary to bear in
mind that serum alone , antigen alone , and antigen together
with "healthy" serum will all deviate a certain amount of
complement.

The crux of the test is that the "diseased" serum in com-
bination with its specific antigen will deviate complement
in considerable excess to any of the above. The reagents
employed then must so be standardised that a "diseased" serum
does not give a negative result, nor a "healthy" serum a
positive result owing to the presence of the reagents in such
relative excess as to be anticomplementary of themselves .

Before the test proper is set up , each reagent is \
standardised or titrated to avoid inconsistency in the work.

(1) TITRATION OF HABMQLYTIC AMBOCEPTOR . (Immune body I

i
to sheep's red cells) . A dilution of 1 in 1000 of haemolytid

serum is made in sterile physiological saline. A suspension i



-of red cells is then made of the same sbrength as that to be
employed in the‘test,ﬁith ug this is 2%%. A rvow of small
test tubes is theg seb ﬁp;génd into each is placed .5 c.c.
fed celi'suspénsion, and in rotation .OSlc.c., .l c.c.,d5 c.c
2 c.c., .25 ¢.c., and so on to .9 c¢.c. of the diluted
Immuﬁe body . Saline is now added to make the bulk up to 1.9
c.c. in all tubes. The tubes are incubated for»ls minutes at
5700, and then into each is dropped .1 c.c. of a 1-in-
-10 ¢ilution of complement. After carefully shaking the
: them '
tubes and ipcubating/again for 15-30 minutes, the tube contadin-
ing the smallest amount of immune body whiéh shows complete
haemolysis is noted. The dilution of haemolytic serum in this
tubé represents the minimal haemolytic dose (M.H.D.) of the
titrated gserum for the specific quantity of red cells employed;
here .5 c.c. of a 2%k suspension.
It is neceseary.to ensure that the bulk of the reagents
in all btitrations is ‘the same as thab ﬁsed in the test, as
the titre is affected by concentration. In our work the final

bulk has always been 2 c.c.

Tubes . 1. 8. B. 4. 5. 6. 7. 8.

R.B.C. 234 s6. .B. .5. .5. .B. .5 .5 B!
IB. 1dn 1000. .05 .l. .15 .2. .25. .3..35. .4.

Saline (to 2¢.c )1.35 1.3.1.25.1.2 1.15 1.1 1.05. 1.

Complement®
1 in 10. I S .1 g .1 Jd ol i
Readings . NH. NH.N.H.N.E.P.H.B.H. B.H. ¥.H.

—

In the above diagram .3 of 1/1000 dilubtion would represent

IM.H.D. of Immune body.

It/

)

24.



It ig our custom to set up in addition three CONTROL tubes

as in diagram.

TUBES . 1. 2. 3.

RB.C. 28 .5 .5 .5

IB. 1 idin 1000. .9 - : -

Saline - to 2 c.c. .5 1.4 1.5.

Cc. 1 in 10. 1 .1 -
: ot

Readings . N.H. N.H. N.H.

s

Should tube 3 show lysis, the red cellg suspension must be
discarded as useless, this however is extremely unlikely to
occur .
Should Tube 2 then lysis it indicates the presence of"a,
haemolytic cha,racter in the complement which must be discarded
Ha,emolysis' in btube 1 woﬁld suggest two possibilities, either
the presence of complement in the red cells, unlikely if
they have been properly washed, or the presence of complement
in the ha.e;nolytic serum. In bthis case the latter shouid be
ina&biva.‘bed and the best repeated.
Inasmuch a:s haemolytic Amboceptor. is very stable, this
bitration need only be carried oub once every 3 months or
whenever a fresh supply of the serum is being used.

Having obtained the M.H.D . of haemolytic serum, the
next step is to prepare the Sensitised red‘cells . Now as
1 M.H.D. of Tmmune body does n‘ot'produce complete haemolysis

in the presence of only 1 M.H.D. of Complement , for in the

above/
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above Titrations, an excess of complement has been used,
and Purthermore as minute quantities of substances causing
haemolysis wibth sheep's cells are present in human sera,
it is advisable to sensitise the sheep's cells with an
excess of immune body in the first place, so that later the
gddition‘of human serum will not cause any obvious inter-
ference with the test. For thisreason various aubhors
employ from 2% to 10 M.H.D. of immme body to each dose of
sensgitised red cells. We have habitually employed 8 M.H.D.
| Assuﬁing that 25 sera are to be btested, that 4 tests

are set up for each serum, and that a margin of 40 dpses
will be allowed for subsequent btitrations, then 140 doses
of sensitised cells will be required, each dose to contain
8 M.HD. of Immune body.

The bulk of each volume of sensitised cells we fix at
.B c.c. therefore 70 c.c. will be required.

Supposing 1 M.H.D. of Immune Body to be 3 c.0. 0of 1
iq 1000 dilubion, then the necessary quantity will be .3 x 8 x
140 * 1000 c.c. i.e. .236 c.c. of Immme Body. Physiological
saline up to 35 c.c. is added to this amount . \
35 c&z. of a Hb suspension of red cells is made, and the two

are now well mixed, and incubated for 15 minutes at 37°C.

2. TITRATION OF COMPLEMENT. Complement being unstable

mugt be titrated on the day of the test, and Ffurthermore With
each guinea~pig employed, as the amount of complement
present in any serum varies‘to a considerable degree. A
,series of tubes are set up as beforey each conbaining 1
volume_.5 c.c. of sensitised red cells,

Complement in vawing amounts is added, and lastly

saline/
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s&lineﬂto make the bulk the same as that of the test. The
tubes are incubated for 15-30 minutes and then the tube
containing the smallest amount of Complement which will allow
. of complete haemolysis is noted. This amount represents

1 M.HED. of Complement.

Tube . 1. 2. 3. 4. 5. 6. |
R.B.C. + I.B. .B. .5 5 .5 .5 .5
a. 1/30. .05. .1 .15 .2 25. .3
Saliné to 2 c.c. ~ 1.45 1.4. 1.35.1.3. 1.25. 1.2.
Readings. N.H. N.H. C.H. C.H. C.H. C.H.

. Our method has been to dilute with saline the complement
1 in 30, and then add varying quantities of this dilution
to the tubes . The most common reading foar éomplete lysis to
be obtained was in the tube containing 15 of 1 in 30

dilution.

Now ag it has been cur technique so to dilube the complement

for the test proper that .1 c¢.c. always represents 1 M.H.D. of

complement, in the above case it would be nocesszary to dilute

the neat complement containing serum in the proportion of 1 in[20.

as .15 * 30. = J = 20.
If the complement for the test be made up in Factors of
" 30 c.c. the amount of neat serum necesssry for each 30 c.c.
of diluted oomplemeﬁt to enable .l c.c. to represent
1 M.H.D., will be the quantity noted in the titration with
?he dgcimal point moved back one place:~ here 1.5 cc = 1 in 20

&s required.

The final simplicity of this form of titration, comnends

itself/
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et

(L. W. Harrison and others) .

itself to us, in preference to the method advoeabed by
Harrison and others.

When carrying out this titration, should complete
haemolysis not eccur in bube 6, bthe complement must be
discarded, asisufficient dilutbtion of the gpinea—pig serum
would not be possible. This'wduld‘allbw of substances in

the serum which are inimicable to the test being present

in so concentrated a Fform as to be disturbing.

In this case fresh serum must be obtained, and titred.

(5) v@;@EATlQN OF SERA. The powers of sers alone for
Tixing complemenﬁ_should.be known , otherwise , sera which
are @nduly'antioémplementary nay be classified among the
positivé results when by rights they may beiong to the
negatives.

The serum may be titrated for each individual , but
this lengthy process is unnecessary when testing numerous

gera. By an adequate system of control tubes such Anti~

'complementary action of any one serum can instantly be be

diagnosed.

For this titration our plan is to collect in two
tubes the poolings of several sera, in the one tuberculpus,
the the other normal ;era, The dose is fixed meanwhile
arbitrarily — see later ~ at .1 c.c.

Two series of 4 tubes are sebt up, in éach tube of the
Qné‘set is placed a dose of tubercu%oﬁétserum, in the other
of the.p9oled normal serum.

Complement 1, 2, 3, and 4 M.E.D, 1s added to each tube

of the two series, also saline so that the final bulk

is/
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is 2 c.c.

Phe tubes are incubabed for 45 minutes at S'IOC, and 15
minubes at room temperature, and the haemolytic system is
then added. After having been shaken, the tubes are incubated

for a further % hour, and the results then noted.

A. B
Tubes . 1. 2. 3. 4. r. 2. 8. 4.
Serum Serum
‘TB. .1 .1 .1 -1 Normal. .1 .1 .1 1

Conpl. ' ’ )
M.HE.D. .1 .2 B .4 .1 .2 .3 A
Saline

to 2¢.c.1.3 1.2 1.1 1.0. 1.3 1.2 1,1 1.0.
R.B.C. - .
.fi 1B. .5 .5 ) .5 ) .5 5. 5.

N.H. I.CH. .H. C.H. P.H. C.H. §.H. C.H.

It is worthy of note that TUBERCULOUS SERA are almost
w;’.thout exception always MORE ANTICOMPLEMENTARY than normal
sers . 7'I‘he former usually deviate rather more 'tha,n 1 M.H.D.
of complement, the latter rather less than 1 M.H D .

Occasionally one has met with sera which are more
anticomplementary than usual. Sera from two psoriatic
tuberculous individuals tested fixed 2 M.H.D. of complement.

The anticomplementary acbion of sers may become so marked
as to interfere with the resulbts of the test when either the
serum used 1s not clear owing 1?0 partial haemolysis prior to
inactivetion, or when contemination of serum by bacterial growth
hé,s been allowed. In such cases fresh serum should be obtained
and centrifuged till clear, or when not obbtainable an extra

- amount of complement sufficient to allow for their individual

antlecomplementariness must be added to the usual amount -

4/
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4 M.H.D. employed in the tests.
In the latber case however the results are less

réliable than when fresh clear serum is employed.

(4) . _TITRATION OF ANTIGENS (a) SYPHILITIC. It is not
our purpose to discuss the titrabtion of this antigen ab
length, as details are available in most standard text-books
of bacterioclogy. We have observed from frequent titrations
that“.z c.c., of a 1 in 15 dilution of heart-cholesterol
extrmot -~ diluted quickly with saline in the manner advocabted
by McIntosh and Fildes . - is the most convenient dose for
one test. The readings obtained have énvariably been reliable

(b) TUBERCLE. As the P.B.E 4 B.E. mixture of

tuberculins is the antigen we most frequently have employed.
I shall deal only with the titrations of this, the method of
titrating other antigens is of course similar.

(1) . To ensure that the antigen is not unduly anticom—
plementary it is necessary to ascertain the COMPLEMENT
FIXING POWERS OF THE ANTIGEN employed, the dose of the latter
being arbitrarily fixed.

As previously, a series of tubes is set up, and into
eacy one dose of antigen is placed,varying quantities of
qomplement are added, viz., 1,2, 3, 4, M.H.D. Saline is
@dded so that the final bulk when the sensitised cells are
present will be 2 c.c.

The tubes are shaken, incubated at 37°C for 45 minutes ,
and then at rocm temperature for 15 minutes after which the

haemolytic system .5 cc. is added, the tubes again shaken

and incubated.

Tubes/




_Tubes . i. 2. 3. 4,

Complement

(-1cc= 1MHD) 1 .2 .3 4
Antigen. (PBE.+BED .03 .03 .03 .03.
Saline. 1.4 1.3 1.2 1.1
R.B,C,Y_F. 1B. .5 B N .5
Readings. P.H. C.H. C.H. C.H.

It is usually observed that while haemolysis is complete
in the second tube, it is only partial in the first tube,
from which it is to be inferrsd that the anitigen alone will

’ partially deviate 1 M.H D. of complement.

(ii.) TITRATION OF ANTIGEN IN PRESENCE OF NORMAL

AND TUBERCULOUS SERA .

The complemen't Ffixing powers of both antigen alone and
serum alone being known , two series of tubes are set up, one
set contbtaining known normal serum, the other containing
known tuberculous serum. Varying amounts of antigen are é,dded,
likewise an excess of complement — with us 4 M.H.D. ~ and
saline as before. The tubes are incubabted as previously and
the ha,emolytic index added. Readings are taken after 20

minutes incubation at 37°C.

Set A. _Set B.

Tubes . 1. 2. 3. 4. bB. 8. 1. 6.
Saline
(to 2c.c) 2 1 1 1 1 1 ‘ 1 1
Complement
(4 M.HD.) 4 4 .4 .4 .4 .4 4 .4
Antigen . o
(RBE.& BE) .01 .015 .02 .025 .03 .035. .01 .035.
Tuberculous

Serum . Jd .1 1.1 .1 .1 Normal Serum .l . 1.
R.B.C. &

1 B. S5 B B B B .5 .B .B.

Readings. P H. P.H. N.H. N.H. N.H. N.H. C.H. C.H.

‘,We have ususlly employed 025 c.6. AS THE DOSE OF

ANTICGEN as it imvariably prevented any haemolysis,

with/
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with»tu‘_berculous sera while even larger doses allowed complgte
ha,emolysis‘in the presence of normal sera.

_Bu:rroughs Wellcome's Bacillary Emulsions are standardised
so thgt 1 c.c. of emulsion contains 5 mgnys. ba,c‘illa,ry
gubstance - 125 NGMS. »OF BACILLARY SUBSTANCE then is
present in Vea,oh' dose of antbigen. Comparisons with the
g'b:rengths of the 6ther tuberculing we investigated gave
almost corresponding results.

(iii.) _TITRATION OF ANTIGEN WITH VARYING QUANTILIES OF SFRA.

This 'b'itra,tion, while not essentiel, is useful in
demongtrating the ideal gquantities of these two reagents to
use in the test proper.

6 rowg of Tubes a,rg set up.

A row contains .05 ¢ .c. Tuberculous serum.

4’ " " .05 c.c. Non. Tuberculous serum.
B " ‘ m 1 c.o. Tuberculous serum.
B' " n -.1 c.c. Non " | "
C " " .15 c.c Tuberculous "
! c! " " .15 ¢c.c. Non " . o

In'bo~ea,01:1 TOW é‘radua,ted doses of-a,n"bigen g.re measured,
also each tube receives 4 M.H.D. of complement, saline to
2 c.c., and finally sensitised cells. The 'bevchnique is
carried oub as usual.

From frequent titrations we have learnt that, ceteris
pa,r‘ibus,‘bh_e smaller doses of tuberculous serum required larger
do'sesho'f _antigen in or_der to inhibit haemolysis, and thatb
fo,he__rea,dings so obtained are less trustworthy. When large
dosges of serum are enployed, normal sera may pa.rti.a,lly
inhi"bit haemolysis especia,ltly whin relatively large doses of

antigen/




anbigen are employed. This phenomenon which is most un-
desirable is no doubt due to the combined anticomplementary
substances of Antigen and sera being in relative excess.

In our test then,par excellence,we fix the dose of serum at

.1 ¢.c., and of antigen at .025 e.c. P.B.E. {+ B.E. Tuberculin.

(iv.) COMPIEMENT FIXING POWERS OF TUBERCLE ANTIGEN IN

ASSOCIATION WITH SEHRA ~ NORMAL AND TUBERCULOUS .

This bitration well mexrits mention. Tubes are set up
eéch conbaining 1 dose of antigen,‘l dose of serum, and
saline to fhe requisite amount.

In series A containing tuberculous serum;ﬁomplemenﬁ is
added in increasing amounts from 1 to 12 M. H. D;

In series B containing normal serum, only 4 tubes are
neceésary,Ainto which complement is placed 1, 2, 3, and 4
M.H.Df‘respectively. The remainder of the technique is as
previously. The results obtained are very interesting:
ip ge;ies A it is not uncommon to find complete deviation of
complement up to 10 M. H. D. especially with sera "strongly
positive" to tuberculosis. Qn the other hand in series B
haemolysis is usually incomplete in the second tube, and
complete in third and fourth, in other words Just over 1
M.H,D. of complemént is Fixed, which after all is exactly
the sum of the anticomplementary values of serum and antigen

alone as previously demonstrated.

'C. METHOD OF SETTING UP THE TEST.
1. DOSAGE OF REAGENTS. From the preliminary titrations

alfeady discussed the dosaes of reagents are fixed: -

(1)/




{i) Haemolybic system. .5 c.c. of 234 susﬁension

of red blood cells sensibised with 8 M.H.D. of
Haemolytic Ambocepteor.

(ii) Complement - 4 M.H.D. are employed. This is more
‘than sufficient to allow for the anticomplementary
a.gtic_ms of serum and antigens, which, conbined is
a,ppr’oximaﬁoely wmder 2 M.H.D.

(1ii) Anbigens. .2 c.o. of.l in 15 dilution in seline

| of Heart ~ cholesterin extract - for syphilis.

025 c.c. of PB E. 4 B E. mixture
Tﬁberculin , For Tuberculosis.

(viv.) Serum. .1 c.c. of inactivated human serum to be
tés‘bed.

(v.) Saline - Sufiicient physiological saline is added

4o each tube as diluent to make the fimal bulk 2 c.c.

9. NUMBER OF TUBES. We emplcoy a series of 4 tubes for each
serum to be tested.

A.dis a control tube to demonstrate any disturbing anbi-
comp].e;nepta,riness of the serum tested. No antigen is presentb.
As cromplerte'z 1ysis of the red cells should occur it acbs as a
contrasgt fgr negabive rea,dings;

B. is a test for Wasserma.hn reaction; it contains a dose
of syphilitic antigen.

C. and D. are tests for Tuberculosis - each contains &
dose of tubercle anbigen . C. containg 4 M.H.D. of oomplemendt
and is a QUALITATIVE test; D. on the dther hand as it
conbains 6 M.H.D.‘of complement is rather a QUANTITATIVE test,
a8 .obvious_ly where 6 M.H.D. are completeiy fixed a stronger

positive reading is to be interpretated, than where only

4/
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4 MHD are deviabed. Originally we employe‘d D as a
ser;nd“con'trQl tube, omitting antigen and complement, te
QheckAa,ny undue haemolytic element of the serum, and also
as & contra,st for positive readings, as no haemolysis
vslilou;d_ occur. 1t *’qhe serum ha,s been properly inactivated
no cpmplement can be present, and therefore haemolysis can
never occur. We ha,ve therefore discarded this control tube

in favour of the quantitative test for tuberculosis we now

employ .
‘Series of tests for each serum.

Reagents. A. B. ’ C. : D.

Saline ( to 2 c.c.) 1.0 .8 1.0 .8

Serum. .1 .1 .1 .1

‘Syph. Antigen . - - .2 - -

T .B. Antigen. - - .025 . 085.

Complement. . 4 A .4 .6

RB.C.+ 1B. .5 .5 .5 5.
C.H. or C.H. or

Readings . o C.H. C.H.or N.H. N.H.  N.H.

3. TECHNIQUE . The saline, serum, antigens and complement
are first carefully measured into each tube. The tubes are
shaken to ensure thoroush mixing and placed in the incubator
ab 3700 for 45 minutes,; and then allowedto . stand at room
temperature for a further 15 minutes. By this time any
binding of complement fo serum by its appropriate a,ntigen
will have occurred if immumne bodies are present ‘in the-

serum. A dose of sensitised red cells is then added as

the/




the haemolytic index, the tubes are again shaken and placed
in the incubator at 37°C.

They are carcfully watched and when haemolysis is
complete in tube A of each serles, an extra minube or two is
al;cwed &nd ‘then the tubes are removed from the incubator

for reading.

D. RULES TO BE OBSERVED IN READING THE TEST.

(i) XKnown tuberculous, known syphilitic, and known normal
sera should be included among the sera teﬁted as guidgs.
If incqrrebt readings are obtainéd from theée sera, the whole
batch,gf>tests”must be discarded, and a fresh set pub up
using fresh reagentsf

3 (ii) If Tube A of any geries fails to shew domplete
hgem§1ysis the series must be discarded. Possib}y the absence
of haemolysis nay bg due to an anticomplementary action of the
serum, in which case the serum alone should be tihrated,
before setting up a new series.

(iii.) 1If the control syphilitic serum shews inhibition
of haemolysis then inhibition in any tubes Bf row B may be
taken to indicate a "positive Wassermann;"  complete

haemolysis on the othei hand would indieate a "negative
- Wassermann ."

(iv.) S::Lmila,rly with rows C and D. If the contpol
tgberculous serum checks haemolysis, while the control
pprmal Serum P?rmiPS gf full haeyolys%s, then any inhibition
of_lysiswof ﬁhe red_gells ;p thbes C and p ind;cates a
?positive" reading Ffor Tuberculosis, wﬁile complete lysis

ﬁoints/




 points to a "negative" result.
(v.) For convenience =z special NOTATION is employéd by

us to facilitate expression of resultbs.

Complete Inhibition of Haemolysis. <~ N .H.
Partial " " "o = P.H,
Incomplete haemolysis . 7 - 1.C.H.
Complete haemolysis. . = C.H.

Finer gradustions are obtained by using the signs + or -
afber the notation, e.g.

faintest trace of Commencing haemolysis = N.H. -
slightly greater trace " " - P.H. +

. (vi) In reporting on the positive results obtained we
employ a definite scale to indicate the strength of reaction -

(very strong
Thus with the Syphilis row Bi~ N.H. = + + + positive) .

P.H. = + + (strong positive
1.c.H = + (positive) .
I ,CI,H_ = + (weak positive) .
I1.C.H. = 3 (doubtful) .

the sum of
With tuberculous sera/the reactions in rows C and D is

taken into accouwnt, thus:-

c D.
N.H N.H. = + + + (v. strong positive) .
N.H. PH = + bt (v. strong positive) .
N.H. I.C.H. = T+ (s*trohg positive) .
N .H. C.H. 7 = + + (strong positive) .
P .H. P.H. = ++ | (strong positive) .
P.H. I1.C.H. = 4+ (positive.)
P.H. C.H. = + (positive) .
I.0.H. C.H. - *  (wery weak positive).
I.c.H. C.H. = (doubtful) .
C.H. C.H. = - (negative) -

(vii)/
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(vii) .When deubtful readings are obtained, if possible the
sera s_I‘lou_'Ld be robested, and if an idgntical result is
obta,inec} i_‘b must duly be_ reported on as doubfbful.

_]:T'rqm ﬁjﬁacticg we have a,sce:r'ba,ined that q.oubtful rea,c_iings
are usua_lly very wea,k positives,. in—as—muchv as 2 M.H.D. of
complement is all thabt is necessary to allow of complete
ha,emqusis w;th normal sera , and in ‘qhe teat 4 M.H.D. is
employedb. Notwithstg.nd:i.ng, one is herdly justified in attach-

ing much value to a doubtiul reading.

E. GENFRAL ROUITNE.

1 . Obtain sheep's blood ~ dei’fibrina,ted - and wash cells.
2. Kill healthy guinea-pig, and collect serum.

5. T;Ltrg,te Haemolytic amboceptor — If this has been

performed recently this step may be omitted.

4. Make up suspension of Sensitised Red cells.
5. Titrate complement.
6. Titrate antigen in presence of known normal and

tuberculous sera. This dees not need to be done with
eva,ch batch of bests, but it is advisable, to ensure
acouracy of results;

7. Set up tests.

8. Read after % ‘to § hour from final incubation ,

and check readings two hours later .




L1L. ANALYSIS OF 365 THSTS.
Regarding the results of the 365 tests which are
recorded below omeor two points require elucidation.

(1) Of the 229 sanatoria patients whose sera was iested,

2 few were doubtful cases of Pulmonary Tuberculosis; notes
have been appendeﬁ on such cases.‘

(ii) The sera of 103 epilepbics were investigated, usually
b& way of nggative controlsf Numerpus cases of healgd
gl@qdul@r, or inactive pulmonary tuberculous diseaée were
gnfqrtphately present .. Whgre positive readings were
obtained a careful examination has been made of the patients.

(iii) 11 children who had applied to emigrate to Candda
(from Quarrier's Homes) bub who were rejected on health
gfounds were the subject of investigation. Notes on their
physical conditions have been appénded.

(iv) . All other cases marked 0.H.S. and Private were
cases of obscure clinical signs, and of whose sera, it was
thouzht, an examinaﬁion by the complement fixation method
night throw light upon the diagnosis.

Thg acbual results h@ve been divided into 8 series,
part}y for'convenienqe ip gnalysis, and partly because
differept antigens were employed in the first four series.

To the 1eft the laboratory findings are given, and on
t@e_rig@t of the‘mi§dle line are notes‘on the clinical
conditions of the patients whose sera were tested.

The CLASSIFIOATION is that of Sir. Robt. Philip:-
11,L2 ’LS répresents the stage of pulmonary disease; S;

Sy, Sz,>35 fepresents the amount of systemiw. - toxsemia clinicr

ally recognisable.

A/
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A SPUTUM ANALYSIS is included, it is interesting
to pote that in ﬁéﬁy unquestionable cases of Phthisis no
tubercle bacilli are evident in the sputa.

Under the heading "CLINICAL" any outstanding Peature
of the case is noted.

The co}umn T represents TUBERQULIN TREATMENT:-
Thus:'T -"means patient has never réceived Tuberculin of any
form.

Findings of the VON PIRQUET test on the sanatoria patients

are also given for purposes of comparison.

# an ASTERISK indicates thalt a special note is appended.

40.
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AND TUBERCLE.

E> IiAc Ty - yo & Kaun MO . HuydlcC

rerib g bikn, to tp Odant ZiXieTtyr- KAy D
cltCAt.~

C D AW MAKAGU TIJUA - /o AxAa HijU “aliyru €' 74

A EO- A$6 SKIuf



*UTTNOISqN], 9UTAOG - g
T UTTnOIoquy uwumy = ‘g
‘qonbaTg UOA = g
‘wnands peanoTon ‘PoIenneBoq ‘gL = 1A'0g s eToIoquy =
=90 ‘snoxeumN gl = wnN - g C8TTTYdAg =
- .
" - - ~ wmeoudsAQig D ‘Med ‘€I OY g ry *HOT "HO - 0%
‘umtIonEUwRy 4+ 4+ 4 -xufaer cTIN -@n Oy O + *HD © 68
s sTrTuddg
‘988D 8q9RATIJ - - - TBLTUSBUOY - - - "Hd ' 88
‘UMTIOGBUBY 4+ + ‘mooudsAq ‘med *dn Tg 87 + "HOT "HD i
. - - - - - - - “HD ‘98
. - - - - - - - “HO ‘g3
‘ogqderrdg -~ -~ - - - - - *HO %8
TWLIOLBUBY G b -stsoushp umN Cgn o9 97 SRS *HO 1]
otqdetrdm - - - —- - - - ‘HD 188
coTqderrdy - - - - - - - ‘HO ‘I8
" + o+ + cstsfgdomesy umN cgn 8¢ €7 4 "HO 108
. + + 4 °'STQTUSDY peH - Meg 'gy Lg ST - i ‘6T
B - 3 - ‘mwooudsfg ‘umy ‘gL Og %7 Fb “HO 81
" ++ o+ 4 *£qTPTATT O TIN 4L % 97 ++ “HD * LT
u + + + * SIIoURLY ‘wof *gn g 9 ++4+ ‘HL "ot
" -+ 4 xudrel CTIN ‘€n g O ++ "HO "8T
N " + o+ 3 ‘mpsouedp  cmed ‘gn Lg o7 FHE *HO P
" + o+ + e oWIIOQeS  CMOF gL Lg 9T T ‘HO ‘a1
cgooudsAq .
‘unEIOnLBURY 4+ + - ‘usAanouy W ‘umN cgn Ly ST ++ ‘HN *8T
‘oraderrdm - - - - - - - "HO Tt
" + o+ + ‘stsouskp cumN ‘gL &g o7 +4 "Hd " 0T
. y 4+ - *xufrery 9980 O mm o7 ++ ‘HD ‘6
“ + o+ + “E0TPTATT  CTIN g s ©1 - ‘HD "8
" + o+ % ‘grsouwedpy  CTIN “gn Ig 81 ++ "HD "
" S ‘esoudsf@ TN ‘€% Is 7T + "HOI "HO "9
. o+ - maoudsAq TIN ‘gz Llg o7 4+ ‘HD ‘g
B + o+ + -grsouwedp CTIN ‘gL g &7 T+ *HO ¥
. o+ ~smdnry CTEN ‘grn ©g o7 F ‘HD ‘g
" - = + ceTweRUY - TIN ‘&l Ig 87 ot "HD g
‘UNTIOGEURY 4+ + + cored Axep cuwmN g Ig ST +HE HO T
s sYIeney 'a ‘H & “IeoTUrTo - wnquds - sserp . df g “ON
“dTA




8y

“ + 4+  + CSTRTUSDY Mo “EL O 8T 44+ - "HN 'HN "HD “HO 09
. + o+ + cfnTAR) Mg G Tg @ 4+ - ‘HN ‘HN ‘'HO "HD °69
" + o+ + ‘£qtAR)  CUMN G 3g % i - 'HN "HN °HDO ‘'HD ‘88
" IS TS 4+ CSTTTUddAS CTIN G 4l Tg @ + +4++ °'HN °HOI "HN *HD ~"AS
* UM I0qBURY + - + fsyamerd " TIN '€l Sg 8 + ~ "HN °"HOI "HC °"HO ‘9§
‘oxqdertdg e - - ‘BN HO C‘HO. ‘HO ‘8%
‘os®) S80.BATIJ ¢ é *HN "HN ‘HN "HN 79 =»
: ‘go85008QY
1809 -
; - - - -oTuosT) ‘TIN ‘g% g Oq 5 - "HN "HOI 'HO °‘HD "€Q#
" - + + ' OTA0OUOB) '4QAROY gy .nm g, 4t - *EN ‘HN ‘HO ‘HD 8§
. S b 4 couoy  ‘umMN ‘gL 8g Gy - - *®N "HO "HD °"HD TG w
*WNEI0qeURgy 3 ¥ ¥ xufier G Tg 37 +++ - *HN ‘HN ‘HO "HO " 0%
A - - +HN ‘HO ‘HD ‘'HD ‘6%
" e = - - -HN ‘'HO °‘HD °‘HD ‘8%
" e ~ - ‘EN "HO "HO ‘HD A¥
W e S T e T e e e - - *HN " HD ‘HO *HD *OF
corqderrdly  ———————mm——m (saroqdmss ON) — - 5 - ‘HN ‘HQI 'HO °"HDO 'GY%
" + o+ + -weoouds& - TIN ° €T 8y By ++ - *EN "Hd ‘HD °"HD ‘¥¥
. . s emoAdwy )- ) -
0 + 4 ~ oTaeIRIY vdmw * SUON Tg @1 I - “HN °“HOI "HDO "HD &¥%=*
M T+ ¥ C XUAIRT - Mof * i 8g G +4 -  'HN "Hd ‘HO °"HD -8%¥
; b+ + ‘eTmeRuY  cuaN' g & %g 97 + - ‘HN °"HQI 'HD ‘HD “1I¥
" + o+ + ‘oIxXog  CumN G 8g a7 4+ - ‘HN °"HN 'HD °"HO OV
. + o+ + coTqourkp  Meg ‘gl 89 31 o+ - °"HN "HL °“HD °"HD °6%2
; ‘s T8+ ~gndnr cmef ‘g% 98 8T 44+ - CHN "EN "HD °'HD ‘8%
" + o+ + cJeeq  umN gl 8g %7 -+ - ‘HN °*HE °"HD ‘HD ‘LS
; + 4+ + 'STryouwosd  *TIN * €L Tg a1 - -~ "HN *HO "HD ‘HD “9g#
. + o+ + ‘eTweRUy ‘M#od V gl 8g G 4t - "HN ‘HN °“HO “HD ‘'S¢
u 4+ ¢ 4+ ceeoudsfQ  CcumN ‘4 Sy O e - ‘HN ‘*HN ‘"HO °"HD '%%
. + + 4 cSTsoweAp  cMed ‘gf mm & ++ - ‘HN °"Hd °'HO ‘HD ‘g%
" + o+ 4+ BIWORUYS'D  ULN ' Gh g %7 o - C"HN "HN °‘HO 'HD g%
‘URTI0qOURY + 4+ + cresoudsfg cmeg g Og 87 e - *HN *HN ‘HD "HD 1%
ENIemey g ‘H @& lerurtp -ungndg ¢ §5ern qz | A QD & ¥ ‘oN
‘I A :




) 4+ + 4+ csesmurs CTIN ‘& 9%  + 4+ CHN 'HOL 'HN ‘HO ‘AL

( emmastTa , ,
UmMTI09BURY + o+ + (Teoutieg -n4%0Q gx Cg S HH - *HN "HN 'HD 'HD ‘OL+®

u - - - = .- - - - ‘HN °"HD ‘HO ‘HD ‘'S4
-otqderTdRE o _ *STRTUOPY

‘ . poTeoy - - + - "HN "HOT 'HO "HO “Vie

" -5 - " TIN "€gF %9 97 + + C"HN °‘HOT ‘HI “HO Sk

*UMTIoNBUEY - - + S%jostyouoxg - TIN ‘dn O ST - - 'HN °"HO °"HO “HD °"3iLe®

i , ovoﬁdmﬁw :

; - - - “xody ' - - ++ - ‘HN ‘Hd "HD "HO “TiLe®

. - - - - - - - - HN °‘HO ‘HO °‘HQ O

. s = - - - - - - C"HN "HD °"HO °"HD ‘69
o1qdertdR - = - - T - - - - ‘HO °"HD °"HD "HD °8%

“ ++ o+ + s sTsouRAD  C MOF . gl 8q By o+ -  "HN °‘HN ‘HD ‘HD ‘49

. - - - ‘g'p cmNcEgr %8 %1 44+ - CHN CHN CHD CHD 99

) . Rgranetd .

. + o+ - oTed TIN '€ 8g B 4 - 'HN ‘BN ‘HO "HD ‘99

" T F5 4 "xufzel CTIN ‘dh 8y 8T 44 - 'HN 'HI 'HO "HD %9

0 H + -sTsouRA) ‘Meg ‘gl 08 S p4s - *HN C"HN ‘HD ‘HD ‘g9

" - - - cegoudsAT ' TIN * 4T Tg 8 e - “HN °"HN 'HO ‘HD '89
* WM TI0RBIBY + O+ + -erededsAg aof ‘Gl Ty 3 +++ 444+ "HN ‘HN ‘HE °HD " T9

- sareney g ‘H 4 Teotwrip -uwandg csserp  -d4r A8 Q@ 0 '€ 'V ON
“d'A




A. Control . C.H. Tubes. NO Antigen.
B. Syphilis,

C. Tubercle. Antigen (W.) Tuberculin (.035 c.c. dose
D. Contiol. N.H. Tube: NO complement.

ANALYSIS OF SE:IES 1.

+ I
- = + ++ 4+ Total .
Sanatorium patients. L3 0.; 0. 1. 0 0. 1.
Loy 2 2 4. 9 13. 30.
Lig 2 1. 3. 3 17. 26.
-t +
4.1 3, 8.]|12. 30 . B57. -

.
Negatives. -~

DOURTFULS, ¥

EPTLEPTIC PATIENTS . 15. 1. 1. 1. 0. 18.

(8) Repeated in test (96.) N.H. resultbs
) apparently some error, possibly antigen
omitted.

(36) .TB. always nil in spubunm.

(51) Repeated twice with similar results
(ef. 155) . Case not reacting to treatment.

(72.) Signs of small eavities in chest.
TB. always Bil.: Possible case of
Bronchiectasgis.

(30) Much coloured sputum. Very cachectic.
Not reacting to treatment.

(43) Wound-Empyema. Never TB in sputum.
Doubtful if tuberculous.

(53) Very Ill. Many Ischio-rectal abscesses.
Prognosis bad. '

l - + + ++ +++ ' Total. ',

DOUBTFULS . *

POSITIVES @ ++ (71) . R. Apex. Healdd Phthisis.
+

PRIVATE CASES .

(45) . No definite signs of disease.

(74) . Had Cervical Adenitis. Cleared up under
treatment.

?. -
1. 1. I o2

(28) Congenital Syphilitie.
(54) . Serum anticomplementary.

A%
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ANALYSTS OF SERIES II.

A, Control Tube for C.H.
B. Syphilis.
C.) Muberole’ ( BE. Tuberculin .02 c.c.
D.) Y (PB.E.+B.E." .02 c.c.
SANATORIUM PATIENTS .
- + + | ++ +++
Ly | O 0., 0.] © 9] 0.
Lo | 4 0. 0. 86 4 14.
Lz | O 0. ‘1. 1 4. | 6.
T
4 0. 1 7., 8. 120.
—_ i 1
NEGATIVES. -~ (80). Wound chest. Doubtful if actually

tuberculous .
(83) Gassed: TB. always nil in spubum:
Doubtful case.
(97) . Wound Empyemn: TB. always Nil:
Doubtful case.
(98) . Interstitial Pneumonia (acubte pneumonia
unresolved) TB. slways Nil.
~ Poubtful case.

POSITIVES. + (94) Ly case. Very ill: Chest active:
Prognosis bad.

(96) Sec Note 7(8).

EPILEPTIC PATIENTS.

+
- — + ++ +++
5. 0 0. 0 0. 5
PRIVATE PATIENTS.
+
| 1. |1.
POSTTIVE: '(99) @irl agd. 18 yrs. Very weakly and

- . anaemic.
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ANALYSIS OF SERIES 111,

A Control Tube Ffor C.H.
B. Syphilis.
c.) i ~{ PB.E. Tuberculin. .03 c.c. .
D.) Tuberclie. (PBE + BE. " .03 c.o.
SANATORIUM PATIENTS. +
- - + ++ +++
Ly.|0o. | o. {o. |0 o 0.
Ly. |0 0. | 3. |5 1 9.
Ly ‘O 0. 1. |4 7 12.
0. | 0. | 4. |9. 8. 21
EPIIEPTIC PATIENTS. "
~ i- + 4+ 4t
3 1 ‘ 1. 0 0 5.
1

Downtful oamse + (126) Repeated in Test (235)
No active signs.

Positiwe . + - (125) Very Pale. Occaslonally Basal
Pleurisy ~ Dry.
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ANALYSIS OF SERIES _IV.

ent .

A. Control Tube.
B. Syphilis .
c. PBE + BE Tuberculin .025 c.c. + 4 MHD of complem
D. do . + 6 MED " do.
SANATORIUM PATIENTS. T . ot ottt

L. 0. 0. 0. 0. 0. 0.

Ip. 2. 0. 2. 0. 0. 4.

Lx. 1. 0. 1. 2. 0. 4.

3. 0. 3. 2. 0. 8.

NEGATIVES. (155) Not reacting to treatment. of. (51)
(156) Gassed: Doubtful case: cf. (83).

(157) Pleural adhesions and slight dyspnoea ~ 4

No TB. in sputum. Chest quiscent.

EPILEPTIC PATIENTS. T

+ ++ +++

1. 0. 0. o. 1. 2.

Positive +++ (142) Cervical Adenitis.

REJECTED EMIGRANTS. . . . —
* + ++ +++

6. 0. 4. 0. 1. 11.

Positive. +  (130) (131) (140) (147) all shew apical activ—
ity . All are thin and anaemic.
+++  {133) R. Apex. active. Has Cervical adenitis .

ORPHAN HOMES CHILDREN . n -
- ks + ++ FH+
2. 0. 1. - 2. 1. 6.
NEGATIVES. - (143) HEALED. Hip Joint Disease .

(150) CEREBRO-SPINAL FLUID. Child died.
P.M. exam. shewed gliomatozzs tumour.

Positive. + (144) Slight cough. Thin: Apices are doubtful.
++ (146) Psoas Abscess.

147) Hydrops of Knee. Syphilitig also.
+++ (148) Cervieal Adenitis. . :

Private Case. Positive + (145) Tuberculous Retro-mammary
' abscesses .
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ANALYSIS OF SERIES V.

Control for C H.

A.
B. Syphilis.
C. PBE. + B.E. Tuberculin + 4 M.H.D. of
Complement .
D. do. + 6 M.H.D. "
SANATORIUM PATIENTS. +
- - + ++ +++
Ly 0. 1. 2. 1. 2. 6.
Lg 1. 0. 7. 2. 7. i7.
. Lig 2. 0. 2. 3. 10. 17.
Non- Pulmonary. o. 0. 2. o. 0. 2
3. 1. 13. 6. 19. 42.

Negatives =~  (163) Very ill case. Not reacting to
' trestment .
(166) . Lupus of Face.
(199) Not reacting to treatment.
Very toxic.

Doubtful £ (180) RBarly case. Symptons slight.

Positives. + (184) Pleural Fluid employed for Test not
Blood serum.

EPILEPTIC PATTENTS . 5~ a;l negatives ~ Pabtients are
apparently healthy.
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ANALYSIS OF  SERIES VI,

Reagents in Test as for Series V.

SANATORIUM PATTENTS .

+
- - + ++ |+
|
Ly | O. 0 0. 2 0 2.
Ly | O. 0 0. 3 6 9.
Ly | 1. 0 1. 2 8 12.
1. 0. 1. 7. |1a. I 23.
. i

Negatbive ~ (239) C. 8. FLUID from Patient very ill, with
‘ terminal cerebral sympbtoms. P.M. No
meningitis: No tumour.

Pogitive + (238) BLOOD SERUM from same pabient when moribund
c.f. (41) always very toxic.

- BEPILEPTIC PATIENTS.

g

} 2. - t x ‘ + + l+++
il 11%3.'2}5 ;2.122,
i
Doubtful . ? (346) Anticomplementary .
# (235) NO symptoms. (c.f. 128).
(248) No symptoms .beyond "Butterfly Rash"
on face.
(254) . CerWical adenitis.
Positive + (283) Very pale . No active signs of
Phthisis.
(245) . No active signs, but not robust.
++ (209) Healed R. apex. OCervical adenitis

scars. @.f. (71).
(237) Hydrope Knee. c.f. (101).
(252) Vexry puny delicate child.
+++ (243) Signs of Healed Phthisis: Adenitis
soars.
(247) . Pleurisy: Adenitis scars: Died of
Cenebral Tumour.

PRIVATE PATIENTS.

* + ++ ot

1. 0. 1. 0. 5.

Negatives. = All Non-tuberculous.

Doubtful * (215) “Contact Case" 8 Brothers, 3 Sisters
died of Phthisis. ZX-Ray exXam. suggests
eatrly lesion of lungd.

Positive ++ (214) Phthisical active: Corroborated by

X~-Ray Exam.
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ANALYSIS OF SERIES VII,

Reagents as for Series V.

SANATORIUM PATIENTS.

- - + ++
L; o. o) 2. i. O©. 3
Ly 1. 2. 2. 4. 3 12.
Ly 1. 1. 2. 2. 3. 9
Non . Pulmonary . 2. 0. 0. 0. 0. 2
4 3 6 7. 6 26
Negatives. -  (266) (267). Sarcoms of Knee-Joint , gsent in
as "TB. Knee" SANGUINARY EFFUSION from Joint,
and blood serum both tesbed.
(268) Very Toxic case, not doing well. -
(263) PLEURAL EFFUSION used in place of
R Blood sexrum, of. pabtlent very ill with acute
. Phthisis .
Doubtfuls £ {285) Gassed ab War: No sputum at present,

Dountful case .
(290} TFairly toxic case: UndoubtedBy phthisid
(303) Phthisical. doing well at present. .

EPILEPTIC PATIENTS.

14

? - + ++ 4+
1 12 3 2. 2 2 22
Anticomplementary ? (258) .
Doubtfuls . * (260) Healed Apex.
(262) No symptoms in chest, but

sluggish circulation. Has chilblains.

(277) Quiescent Phthisis of apices.
Positives. + (269) No Chest symptoms: Anaenmia,
Amenorrhoes .
(270) Scars of C. Adenitis.
++ - (272) Shews signs of past disease in
langs .
(276) do - do.
+tt (258) Pleuritic pains: Enlarged glandp
of neck.
(286) No dulness; bub R M. very poor
over R. Lung.
PRIVATE, CASE.
- +++
1. 1. . 2.
Negative - (264) No signs. Healthy individual.

" Positive +++ (292) T.B. in Sputum.

2l -
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ANALYSIS OF SERIES VIII.

Reagents as for series V.

+ .
SANATORIA PATIENTS. _ Foloo ]l e st
[ Ly { 0.i 0.{ 0.{ © 1. 1.
| L. 2.7 0.] B.| 2. 5. !l 14.
| Ly | 2. 1.¢ 34 1. 10. ' 17.
! H
4. 1 8. 3 i6. 32.
Negatives -  (332) TB. Xnee.
(333) Cough, but never TB. in sputum.
(364) . EFFUSION: Very ill, acute Phthisis
' c.£. (263) .
(365) CEREBRO-SPINAL FLUID: Cerebral symptoms.
+
Douhtful . - (B26) . Blood serum from same case as (365) ;

i very toxic. -
Positive. + (321) . Patient very toxie: c¢.f. (79) ++ when
' patient was not so ili.

EPILEPTIC PATIENTS . — _
- - + ; ++ \l +++ ‘
(

9. i 2. 6.

i
(309) No signs of diseasme.
(359) L. Apex. healed.

Positives. + (310) Quiescent disease.
’ (313) . No symptoms. TB. Pamily history.
(315) Argyrism.
(354) R. apex doubtful. Scoliosis.
(358) Cervical adenitis. _
(362) Chest slightly active: Adenitis.

7.] o. llaa.
‘ |

I+

Doubtful .

++ (311) Small and puny child.
(317) Apparently healthy. No active disease.
(343) Very pale, bubt no sctive symptoms.
(345) Phthinoid chest: Congenital cataract.
(355) Infantile Paralysis: R .M. weak over chegt.

(357) ‘ Puny delicate child.
(360) Thin, flat chested: delicate; has chilblains .

PRIVATE CASES.

- - + ++ +++

2. o.l 1. 1. 1. 5,

(340) No active disease at present. Very
high coloured: had glands during
childhood.




! SUMMARY OF ANALYSES.

(2)
(3)
(4)

Of 3% MISCELLANEOUS cases the (1) Positives number 16 or 48 .5% |
Doubtfuls " 1. '
" i5.

Negatives
Anticomplementary 1

'8

45,
3%

SANATORIA PATIENTS . R B O B e E T S T
| } ®
Non-Pulmonary O | 2 0 2| 0 ;0 4.
L 0, 0. 1. 54 4.[8.| 13.
L3 0.12., 4. 25.31.39."109.
Ly 0. 9. 3. 14.18. 59. ! 108.
0. 25. 8.44. 53. 01 229.
EPILEPTIC PATIENTS. 2,614 10. 12 13. | 5. || 103.
ORPHAN HOMES CHILDREN . ol 2 o4 1 2.11. 6
REJECTED ENIGRANTS . 0, 64 04 4, O0.12.) .
PRIVATE CASES. 1 74 14 3] 2./2.| 16.
Grend Totals| 3| 99 19. 64 70. 110 { 365.
Of 229 SANATORIA cases ‘the (1) Positives Number 198 or _8_6_;&___
: (2) Doubtfuls " 8 5.5
(3) Negatives. " 23. 10.
Of 103 EPILEPTIC . the (1) Positives number 30 or_29.1% |
(2) Doubtfuls " 10. _9.7% |
(3) Negatives " 61. 59.2% |
(4) Anticomplementary 2. _2%
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A SCHEMATIC REFRESENTAJION
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A SCHEMATIC HErnEStHTATIOH

OF

NORUNAL TUSEnCULOI)5 SZKA.

NORMAL SERUM.
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CONTINUATION o SCHEMA
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Iv. CONCLUSIONS FROM THE ANALYSES .

A. ARGUMENTATIVE .

l.’ SOME PRINCIPLES IN IMMUNITY. Before drawing conclusions
from the @nalysig of the 365 tested sera, it will be
gdvantagequs to Qiscuss more fully some of the principles
of Acqu@red Immunity .

Two forms of immunity are to be differentiated:—

(i) ANTIOXIC IMMUNITY , where substances are formed in the

host to neutralise the polsons secreted and excreted by the -

infecting bacteria .

{ii) ANTIBACTERIAL IMMUNITY in which the reactive anti-
bodies are directed against the bacberia alome. To this
vl@tter group belongs the bacteriolysins which effect
dissolution of the bacteria. By their action, although
the 'casﬁs belli' is removed, endotoxins having the nature
of heterogeneous albuminous maberial are liberated into
thé qirculation from the bodies of the bacteria. Where

a3 greab proliferation of bacteria has odeurred prior to
1ys;s,‘the amQunﬁ qf thins freed by their death may cause
80 exce§§ive s toxasemia as to render the continuance of
1ife impossiblg.

The virulence of the bacteria becomes evident only
aftgr their deathj; during their propagation no subjective
symptoms are experienced. As WOIET—EISﬁ'ER says "only
by dissolution of the bacteris , can death (of the host)
ocour at all." | .

"PFETFFER/
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"PTRIFFER has likened bhis to a serpent biting and killing
after its head has been struck off."

Under favourable conditions the bacteriolytic antibodies
are produced in sufficient quantities to kill off the bacteria
before they are able to proliferate to any great degree. The
amount of endotoxins freed then is rel&tively small, and
only mild symptoms of boxaemia are caused, e.g. pyrexis,
sweabing , malaise, anorexia &c.

However , should the lysins not be produced in suffieient
quentities to cheék proliferation of the bacteria, the out- -
1qok ié b@d, iq—gs—much a8 once the protective forces are
formed, }arge quantities of bacteri@ undergo dissolution,
and»ggnqequen?ly the amount @f hete;ogenepus albumen
_libe:ateg into the pirculation is very great. Moreover ,
since the lysins are used up by the Ygeolf-sacrificing”
baptexia, the others are emabled to ﬁroliferate, and éo
the vicious'cyole continues .

In tuberculosis, as in syphilis, the antibodies
areifmrmed somewhat slowly; and a considerable period must
elapse after the infection , before lysins can be demonstrated
to be present in large quantities.

When dealing with healthy, non~tuberculous ind#viduals,
even after a long course of tuberculin treatment, the
amqunt of 1ys;gs demonstrably preé;nt in the merum is very
‘smal}. Our ingbi}ity'to produce an artificial immmity to
tuberculgsis_inrhg&lﬁhy_pepple is unfortunate , as were it
oﬁherwise} by legal enforcément of tubercle~vaccination

of all infants, the "white scourge" might be eliminated

in/
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in one generation .

However , an immunity to tuberéulosis can only be
cbtained by a previoﬁs infection. The presence of the tubercl
bacilli in the system gives rise to the formation of anti-
bodies which persist long after the former have become
"walled off" by a local reaction on the part of the tissues
to the source of irritation. The bacteriolytic substances
which remain afford s high degree of immunity; "a protection,

however which has been well likened to the arsenal of a fort,

in which the protective power may %% any moment be transformed

into a destructive force, by an explosion.
Tnder the influence of psychical and somatic injuries,
the latent processes may abt any time become active ."

' 2. METHODS OF DEMONSTRATING THE PRESENCE OF BACTERIOLYSING.

The asction of these antibodies on bacteris may be
DIRECTLY demonstrated by PFEIFFER'S bacteriolytic experiment.
Into the peritoneal sacs of several guinea-pigs is injected
a mixture of bacteria and immune-serum. After varying
 interva1s the animals aré killed and the injected material
eX&mined microscopically. The bacteria are then seen to
becqme first swodlen , then globular, then their outlines
become indisbtinct, until finally bthey can no longer be
observed.

The cdomplement fix&tion test is an INDIRECT method
of ascertsining the presence or absence of.lytic substances,
according as the complement is "pixed,"” or nob.

% . BIOLOGIC METHODS OF SERO-DIAGNOSIs: These s¥re import-

¢ . .
ant as they can be conducted in vivo! - These

methods/
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metﬁods are based on the introduction of small quantities

of the antigen - tuberculin - into the system, when if lytic
antibodies are present a definite reaction will be obtained
for the dead bacberia will be resolved from non-toxic
substances into poisonous material of a heterogeneous
albumen ngmure.

A shorﬁ digression may elucidate this. To the normal
individual pollen dust is non-toxic, but to the susceptible'—
i.e. those prone to Hay Fever - whenever such dust Ls inhsled
lytic bodies come into play and form toxic material which -

gives rise to very definite symptoms. Such individuals are

- said to shew a Teaction of HYPERSENSITIVENESS. "Hypersensitive-

~ness is the exaggerdted response by the organism to an
excitent, after the same excitant has acted one or more ﬁimeJ.

Similarly in the tuberculous then, owing to the presence
of tuberoulo—bacterioiysins in the serum, the introduction
of an antigen will cause a hypersensitive reaction, be it
local, focal, or general -

There are various methods of introducing the antigen,
but only one need be mentioned, as the results from this
biologic test alone have been tabulated in the analysis.

It is the QUTANEOUS TEST OF VON PIRQUET. A small scarifie-
ation is made on the surface of the skin, and a drop of Koch's
old tuberculin rubbed in, the object being to obtain a local
erythematons reaction whereby the presenée of lytic substances
may be indicated.

Unfortunately the hypersensitive reaction obtained is
seldom & criterion as to wheﬁher the infection is latent

or active , as the lytic substances remain in the circulation

"long/
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long after the oviginal lesion has been healed,

Positive vesults then are frequently obtained in the
apparently healthy, and as LANDIS writes, "it must be
clearly kept in mind that there is a great difference
between Tuberculesis that is clinically recognisable , and a
yypgrsensitivensss te tuberqulin. Hype:sengitiyeness is
ggt%emély cpmmon and in encountered in”a large proportion
bfAhgglthy people , the frequency with which it is met
increasing rapidly from the second decade ."

| Alreaction, however , in a healthy individual certainly
does argue a previous infection of a tubergulous natbure.

On_the other hand a negative reaction with tThe
Von Pirquet test does not necessarily indicate an absgnce
of active tubercuiosis, for such negatives, as will be
noticed in the analysls, are frequently obtained amohg
the tuberculous. It is usually of badlomen. It cannot
be said that it is due to an entire absence if lytic
bodies, for nobt infrequently weakly positive readings are
'pptaingd by the complement fixatipn method. It is the
failure to react any longer to the antigen.

4. A COMPARISON OF THE METHODS OF SERO-DIAGNOSIS.

Positive readings obtained by either the complement
fixation, or the biologic method, indicate the presence
of the same lytic reactive substences in the serum.

The complement fixation method ig a orude one, for
where only relatively small amoﬁnts of lytic antibodies
are present, doubtful pesitive or definitely negative
readings will be obtained.

'Such small amounts, however , would normally be

sufficient/
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sufficient to cause reactions to thé biologic methods .
On the obthey hand the organism may shew an inebility to
:eaot biologically to the introduction of the antigen,
and yet 1yﬁic bodies still be present, and demonstrably so,
by the complement fixation method.

Again , positive readings may be obtained by both
methods , in individuals no longer sufferiﬁg‘from active
disease, even after the lapse of many yéars.

5.. A .COMPARISON WITH THE WASSERMANN TEST .

Unlike the positive results obtained with sers of
healed-tuberculous individuals, in healed syphilis, negative
'¥e&d;ngs are almost always recorded. Possibly antibodies
are present after complete recovery from syphilis, but they
must_be in small quantities, or else tend rapidly %o
disappear , in which case the immunity is short lived.

Again , malignant cases of Syphilis give very doubtful
positive , or negabive readings. This , however , is to be
precbed, a8 the lytic bodies never obbaln the upper hend,
and consequently are never present in relative excess.

This same phenomenon 18 obtained in Tuberculosis.
Generelly spesking however, a positive Wassermann reaction
is indiestive of active syphilis, though & negative reading
by no means argues an absence of the spirochaete , for
negative rggdipgs may be transformed into positives by the
influepce ofvme:cﬁrial trgatmgnt.b

'Nor_is & negative reaction in active disease of such
serious po;tent ag it iS»?n tuberculosis.

In syphiliticsit is possible that mercurial therapy
acts either by destroying the antigenic spirochaetes without

“the aid of the bacteriolytic antibodies, or by sbtimulabting

an/
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an gdded formation of the latter.

B. THE VALUE OF THE COMPLEMENT FIXATION TEST
IN TUBERCULOSIS.

1. IN PULMONARY TUBERCULOSIS. From the statistics

appended to the analysis of 365 tested sera, the value of this

test as a diagnestic means cannot be gainsald.
”Of ﬁhe 229 sanaio:ia patients , many have all along

f@iléd to shew tubercle bacilli in their sputa, yet without

doubt are for the most part frankly tuberculous.

This is borne out by the besti- 86 .95 positive readings

Weye obtained.

() Barly cases of Phthisis, who are doing well, and bear
no history of previous infeetion, éive,readings + and f+
The relative paucity of lytic antibodies present argues that
?or'their formation a considersble interval of time must
elgpse.» Usuallyithe longer the period which has elapsed
. from the onset of their illness, the stronger will be the
positive reading -

(b) Cases of Phthisis, graded Lo and Ly, bub who are
reacting well to treatment, almost without exception give
+++ readings . It is elinically noticeable that the
toxaemisa in these individuals‘is sufficiently mild to permit
of their performing 4 hours manual labour a day in addition
to their household duties, without produciné any appreciable
untoward results.

(c) On the otheér hand Pulmonary cases Ly and Ly who are
‘not improving bub rather on the retrograde, shew &

diminstion in the amount of lytic antibodies’ .

This/




This4is borne out in the case of a patient whose
serum was tested both before and after an acute exacerbation.
P:iorrto the spread of the disease the reading was ++,

following it only +; see (79) and (321).

(d) From the same series of patients 10% negatives,
and 5.5% doubtful readings were obbtained. Among these,
however , were .sera of non-tuberculous individuals suffering
from (1) Bronchiectasis, (2) Sarcoma ofAknee—joint admitted
as a supposed case of tuberculosis of Knee-joint, and
(3) interstitial pneumonia following (a) traumativ empyema ,
and (b) failure of resolution in a lobar pﬁeumonia.

some of the sera of this last mentioned class gave
doubtful readings and where a previous tuberculous
infection can be negatived, it is possible that an activé
" tuberculosis is now being superimposed. Such patients
are therefore being treated as ordinary oonsumptives. So
far, it must be admitted however , their sputa have failed
to shew the p;esence_of the tubercle baeillus,which after
all is the supremekcriterionf

(2) There is hdwe#er, excluding these, still a margin
of fr@nkly tuberculous patbients not infrequently shewing
numerous bacilli in their sputa, who not«with—stahding
gave weakly positive or negdtive results , both to the von
Pirquet and to the complement fixaticon methods .

PThese slmost without exception , shewed severe degrees

Oof +toxaemia. The doubtful, or frankly negative results
 obbained argue a scarcity of lybtic substances in the serum.
_This'is to bevexpected on the grounds already explained

in détail, because asrapidly as bhey are being formed the

. lytic/
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ambocepbors are being used to effect dissolution of the
active bacteria, and this destruction by introducing large
quantities of toxins into the circulation, gives rise to
gymptons of profound toxaemia .

2. IN NON-PULMONARY TUBERCULOSIS . 1t is regrettable that
qnly a few cases of purely non-pulmonary buberculosis were
available. Frequently, however, the pulmonary symptoms were
more or less in abeyapée and the extra—puimonary lesions
wore the chief source ofcomplaint. A careful analysis of such
cases shgws that lytic bodies are not produced in great
quanﬁities when the lesion is localised, but when in addition
tﬂere are signs of active pulmonary disease then the antibodies
are usually found to be present in larger quantities.

(2) Tuberculosis of skin - LUPUS - see (166) , (204)
(228) , and(300) the readiﬁgsaverage a t+ result.

(b) Tuberculosis of glands - CERVICAL AUENITIS, see
(60) , (148), (175), (176) , (190) , (232), (557), for the most
part ++ and +++ readings were obtained. In all of these there
wes s concomitant pulmonary condition. Serum (74) from a
case of healed adenitis with no lung affection gave a reading

+

(¢) Tuberculosis of Bones. POTT'S DISKASE WITH POSOAS
mee (156), (182), (294). These all gave strongly positive
resul?s. » o

(@), Tuberculosis of Joints -~ KNEE - Qée'(lzl), (123)
stroﬁg pqéitife’ re&@ings were obtained.
ﬁIP.‘ Both cases recorded were healed; (143) gave -
result,.while (223) which still had active pulmonary sympboms
gave a +*+ reading.

(e) Tuberculosis of Mamms — RETRO MAMMARY ABSCESS. -

Case/
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Case (145) amputation of the breast had been performed
previously, and the patient gives a tuberculous family
history, a positive reading was obtained.

(f) Tuberculosis of Ischio-rectal Fossa - PERINEAL
ABSCESS . - see (53) and (76) . Both these cases had active
pplmpgary disgase. The former was ext;emely toxic and in
consequence gave only a weakly positive reading, the latter
wgsArespopding well to treatment, and thé positive result

recorded was covrespondingly strong.

3. IN EPILEPTICS USED AS CONTROLS . As the epileptiq
p&tients wexre for the most part apparently freevfrom active
tuberculosis, at first considerable disappointment was
experienced when positive readings were obtained, all the;
mdre 80 as with definitely kmnown normal sera double the dose
@f antigen employed in the test proper , gave negative results,
and avtitration of the complement absorbing bodies of the
gpi}eptic gera shewed nc undue anticomplementary action except
wherg poﬁed.

Ngtwithst&nding these f@cts, nearly 5Q% of the sers
_gaVe positiverreédingg, all errors of technique negatived
by a repgtition of the tests.

A careful clinical examination of the patlents was then
made , and further light was obtained. Most shewed definite
signs of former disease, either glandular - evidence the
cervicel scars, or pulmonary — evidence the apical contraction
of the lungs. BSome indeed shéwed signs of glightly active
disease: ‘Mention may be made here.of the results observed

from two sers; the one (270) from a woman who has recovered

from cervical adenitis within the last 3 years, her serum

gave/
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gave ar;f reading; the other (269) from a man who had &
cervical adenitis aﬁd an apical ﬁulmonary lesion during
adolescence, but who claims to have been free from disease
Por over 15 years gave a similar reading. From such results
it is inferrible that an immunity to TPuberculosis is of long
duration - |
,It is of interest to point out tha£ both the patients
whose sera proved anticomplementary, h&vé received a prolonged
coﬁrse of Silver Nitrate ﬁedication, and now shew signs of

Argyrism.

4. gONGERNING SERA OBTAINED FROM PLEURAL EFFUSIONS.

In place of testing blood serum, on three occasions
sgrum.from pleural effusions was employed. Case 184 -
gave a positive readiﬁg (one + ), and a épecial annotation
madgnon the day_of the test ﬁoints out that thé'reading wag
vshafp gnd stable, and'that the serum employed, itself
absorbed no mowe th@n 1 M.H.D. of complement.

Onrthq other two occasions the effusions were asplrated
from ‘the same patient (265) and (364) , who was rapidly going
downhill and is now deceased. Negabive results were both
times recorded. This individual was too 11l to allow of
vein—pqncture, bubt it is most probable.that a negative reading
would also have been obtained from the blood serum, certainly'
the von Pirquet test was negative.

It has been suggested that when an‘effusion is poured
‘out, a, Pirst the concentration of lytic bodies present in it
is practically the same as in the blood seruh’but later they
become readsorbed into the circulation or are used up in
causing aissolutién of the bacteria presenf in the pleural

cavity/
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eavity, and the concentration is therefore weaker.
It was unfortunate thal we weére unable to pursue this .
line of research, but the condition of the patient did not

permit.

5. EXAMINATION OF THE CERFBRO-SPINAL FLUID.

Only thi-ee specimens from cases showing cerebral
symptons were éxa,n'lined and the readings were all nega:b;i.ve .
Little however can be argued from these zlesults , as a posti-
mortem examination on (150) shewed the presence of a
sargoma.ﬁous +tumour over the Corpus Callosum; case (259)
e_),lso died and in the post-morbtem examination held, no evidence
o_f either a meningitisl,‘ encephalitis, or tumour was present:.
Possibly the sympboms were those of a btoxic "meningismus” .
At the same time the serum Was tested, (238) , and & result
only weakly positive was obtained. This patient had a,diranoed'
pulmonary disea,se, and at the time of withdrawing the fluids,
the toxaemia was profound. The third case (365) is iiving
gnd the cerebral symptoms are now in abeyance. The reading
from this tést was a,lgo nega,tive‘.

It is probable t.ha,t except with a,n‘ early case of a
tuberculous meningitis or tumour, & negative rea.ding would
be ob'ba,inedﬂ, owing to the relabive paucity of the lytic

antibodies fmesent in the more Severe stages.

c. _SUMMARY OF CONCLUSIONS.
1. No a'.u“ohorAita‘oivie sta,_tement either prognos‘bic or
diagnostic, regarding the presence of a tuberculous lesion,
should be _ma.de from the readings obtained from a complement

fixation test until the olinical facts have been considered.
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Notes of the history, and the findings of an examination of

‘the pamient; should accompany each serum to be tested.
2. Trankly negative readings do not necessérily indicate
an absence of tuberculosis, bubt merely that the immune bodies
are nobt demonstrably present . The omen is bad when clinical
symptoms and signs of an active tuberculosis are present, and
the prognosis sh;;ld be made accordingly. .
3., Other things being equal, when the'dgse of antigen
employed in the test is half that amount which will still give
a negative reading with a normal non-tuberculous serum, and
when the serum to be tested is mot in itself unduly anti-
complementary , then a doubtful * readingbis ugﬁally indicative
of the presence of small gquantities of lysins. In other
words,»it is g very weak positive.

A Unless the Symptom&tology pregented b& the petient be
in sccordance , too much value should not be attached to such a
reading, and in any case it is wise to repeat the Lesb.
4. Positive readings +, ++, and +++ are all indicative of
the presence of bacteriolysins in the serum, and where there
are sympboms of active disease, such readings are of great
diaénostic value .
5. In cases in whom clinical signs and symptoms are in
abeyance , a positive reading is by no means of bad portent,
for it presence argues an immunity .

The pstient, however; should be warned that overstress
of any form may cause the latent processes to become active.
6. Barly cases of Pulmonary Phthisis Iy usually give
positive reactions bo this test, even long before the
presence of tubercle bacilli can be demonstrated in the

sputum. Also in the so—called cases of "closed"

tuberculogis /
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wuberculosis this test is of immense value.

7. A pleural effusion,especially if it be of recent origin,
may be tested in place of the blood serum, when the results
obtained will be practically identical with those from

the latter.

8. Even a prolonged course of tuberculin trestment has
LITTLE effect on the sbtrength of the reaction obtained.
Negati&e and weakly positive readings h@ve beén got from
tubereculous patients who have received many subcutaneous

'injectipns of tuberculin. It has already been mentioned

that it is practically impossible to obtain an immunity by me#ns

.of this form of treatment. It is the tuberculin which
vatients absorb from their own fomi that gives rise to the

’fprmamion of antibodies.
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