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IMMUNITY

INTRODUCTION

During the last quartar of a century, the
knowledge of ﬁedicins hag increasad enormously. By
far the most lmportaat factor in this incresasse was
the discovery of the organismal cause of the mejority
of diseasss. As a result, the study of infectlion
and immunity was started on a scientific basis and,
now in all fairness, it can bs statad that the future
devalopmant §f diagnoslis, preventlon and treatment of
dissase will depend principally on the advancemsnt in
our knowledge of Immunology . The beginning of the
scisnce must be ascribsd to Edward Jennor who, by
inoculating humen beings with ths lyaph of cows
suffering from cow-pox, was able to produce immunity
to small=-pox. Many yeers olapsad befors Pastaur,
shortly followed by numerous investigators, producad,
by many carefully controlled experimaats, the evidence
nacassary to put the new subject of Immunology on a
scientific basis.

It has been stated that all diseass, direct-
ly or indirectly, is the result of infaction. So
wide a statesment obviously requiras oxplanation.

The caso is easily substaantlated when dealing with
infaction/



infection as a direct causs; thus, infection with B.
typhosus rssults in typhoid favear, B. diphtharias in
diphtheria, stc. 1In shori, the majority of diseases
ar9 cartainly the result of infection. The explan-
ation of how infection is the indirect cause of
diseass is not so simpls. It 18 gonerally agreed
that ona of the commoneat causss of chronic 1ll health
18 auto-intoxication from the bowel. Cliniclans
admit that such diseasss labelled in taxt books as
artarios«sclariosis, ohronic myocarditis, nephritis,
etc. stc., are mersly descriptions of the affected
orzgang and are signs, not of a specific dissass, but
of a general poisoning of the systom. Modern ra-
s9arch has shown that thse split-products of protein
digestion in the intestinal tract, namely the amine
derivatives, 9.g. 1ndol, skatol,guanidin and eepecl-
ally methyl guanidinyare the main causes of this
intoxigation. Theso are exoratad in the urine and_
can be estimatad accordingly. It can bs proved by
in vitro experiment that these polsonous products are
the result of the action of putrefactive mioro-
-organisma on the protein in the food. Immunity to
thess spore<bsaring protasolytic micro-organisms can

not be producad by vaccina therapy as they ars really

as/



a8 much outside the body as 1s ths Staphylococcua albus

outside the epidermia. If, however, we altar the
hydrogen-ion concaentration (pH) of tha intastinal con-
tents (by certain specific measurss which nasd not 59
hers stated) from tha alkaline to acid, the flora of
ths intsstine bscomss changed to ths simple non=
putrefactive type of organism of the acidophilus
group, and the putrsfactive bacteria and their result-
ing toxic products are eliminated .

By indirect methods, immunity to the harmful
putrefactive organisms has bean producad. In this
or similar ways, the future may show that all diseases
ars dirsctly or indirsctly the result of infection.

Slowly but surely is the informatiom,
collactad by the study of infection and immunity,
working its change on the minds of medical men. A
much wider outlook, howsver, i1s necessary if medicine
is to progress on a scientific basis. The treatment
of pymptoms by bottles of medicins containing minute
quantities of drugs must be replaced by a diligent
search. for the true causo of dissass in its earlisst
stags. Many learnoad cliniclans have stated that
at the most two dozen drugs would supply all that
they requirad for the treatment of diseasas and that
the/



the rest of the pharmacoposia could probably bse
8liminated. Thers 18 a definite circumscribed
place in medicine for certain specific drugs. Thus
no ona would deny the importance of salvarsan in
syphilis, quinine in malaria, or digitalis in
auricular fibrillation. But in many casss the main
value, and one not to be lightly passad over, in the
"bottle of medicine", undoubtedly lise in its psycho-
logical effect.

The future scioncs of medicina will 1lie on
a much higher plane. Prevontion will be the keymots
of the profession. But prevantion is impossible

without (not only?knowin%rthe caus9s of dissass but

also the way in which infection takee place and the

- mathod by which the body meets the attack. Thus,
since the causes of enteric favar, plagu9, etc. wera
discovared, by suitable provontive measures thage
diseases have besn largsly eliminated. Recently
anothar stap forward was made by ths work of Schick
and Dick on diphtheria and scarlst fever respectively.
The netural immunity or susceptibility of individuals
to these diseasss can bs astimated by the skin re-
actiona following an injection of the toxin of B.
diphtharias and the haesmolytic streptococcus.

Individuals showing susceptibility can then be activs-

ly/



actively immunised against the infection.

If similar tests for suscsptibility to other
disoasss could be discoversad, a great advancs in
pravention would rasqlt. // The treatment of the future
will develop alﬁjt e.following lines. Whers the

diseass 1s acuts the transference of antitoxin or antil-

bactarial substances would bs the logical therapsautic

method .
ﬁl ik

Today ths treatmant has been rsmarkably
sucgaaaful-in dealing with dissasas caussad by organisms
which produce a soluble exo-toxin. Unfortunately,
where the infsction is of the nature of a bactsriasmia
or dus to an endo=toxin, similar satisfactory results
do not occur: in other words, our knowledge of in-
| fection is at preesnt only elsmontary, and the success-
ful treatment of these latter types of disease will
depand on the researchas of the future. Where the
cas9 1s chronic or where prophylaxis is ths object,
active immunisation by vaccins therapy should be
attemptad.

Today, as & result of ths application of ths
abovse principles, diseases, which forty years ago wers
troatsd merely by ineffectual prescriptions of useless
drugs, have either nearly disappeared or at lsast have
had their mortality greatly decreased. Unfortunatsly,

howevar,/



howaver, the majority of diseasse still baffles the
investigator. The reason of this is that though a
vast nuwber of facts have baén collactad as ths
result of both clinical and laboratory 1nvastigations;
our knowledge is not sufficisnt to enabls us to fit
togethsar all the pieces of the puzzle of immunity or
sven to estimats the valus of ths phenomena which we
B899 . For instance, the relation which agglutination
bears to trus immunity is still not understood. Up
to the last fsw ysars it was considered to be a
serological index of immunity ¢ today, owing to much
new svidence having been brought forward, a definits
statement cannot be madse.

It is thus of the greatast importance that
the madical student of the futurs should be wsll
aoquain;qd with the basic principles of immunity in
ordsr that he may himsslf help in adding to the stors
of knowledgs and the elucidation of this great mystery.

The study of immunity can only be successful

if preceded by the study of infaction, for paradoxical
as it may appear, immunity cannot exist without in-
fection, natural or artificial. I thersfors purpose
to deal first with the facts relating to ths mechanism
of infaction and later to state what is known of the

defensive/



defensive forcss which the body uses in repelling the

attacks of infectlive agonte.

INFECTTON

If the offacts of chemical and physical
agents on the body are not inocluded, it may be stated
. that all disease 1s due probably to vegetable or
animal parasites or the producte of their activity.

And since our knowledga of the mechanism of
infection is baéad meinly upon ths studies of the
pathogenlc bactaria, the statements which follow are
mads with spscial refsrence to these organisms.
DEFINITION OF INFECTION. Ademl describss infection
as follows : -

"The abnormal states resulting from the
dalaterious local and gensral interaction betwesen
a host and an invading parasits with comngequent
tisaue uhangas and symptoms, constitutasfan infsctious
"diseass ." /

Infection must be clsarly distinguished from
contamination or invasion.

The surfaces of the skin and mucous membrans
are contaminated with micro=organisms, but as thess
do not penstrate the tissues with resulting reactions,
no infection occurs.

Again, micro~organisms normally pressnt on

the pharyax and tonsils may, and in fact, often do

ponetrate the tissues, where they are destroyed before

producing/



producing any damaga. Such a condltlon comstitutes
invasion and not an 1lunfectlon.

Two factors must always exist in an in-
fection.

(1) The infecting agent.
(2) The defsnsive mechanism of the host.

Whan considering an infection, it is
nacaasary to study the offensive forces of the in-
fecting agent. These may be statsed brisfly to con-
sist of

(a) Numbers . Whers only a fow micro-
organisms gain entrancs to the host, the mechanism
of defence may caues their destruction at once and
in this case the condition is really only an invasion.
Variation from this through mild cases up to repid
death of the host may depend on the actual numbers of
the infecting organism.

(b) The Virulenoo of the organism. This

is a matter of great importanca. Thus one epidemic
of diphtheria may be mild while the next may be very
gavera. Morphologically and culturally the infecting
organisms appear identical yet their effects on the
host may be widely different.

On prolonged artificial cultivation, organ-
isms of the most pathogsnic type may be rendsred almost
harmless. This is of great practical value as it

will/



will be shown later that the best immunity can be
produced by injectiag a living culturs of an organism
(as opposad to a dead vaccine). This naturally can
be done only if an avirulent strain is used. On thse
other hand, by the method of animal "Passage", strains
can be exalted to great virulence. This can also be
accomplished by cultivating the organism in animal
fluid, e.g. blood.

(c) The powsr of the infecting agent
of defsnding itself againgt the

mechanlisms of defence of the host.

Thus the formation of capsules is regarded
as a means of defence. Again the aggressine, dis-
covared and studisd by Ball, may bé of groeat impostance.
Cortain organisms secrste substances which paralyss
the protactive forces of the host, especially the
laucocytas. Bail was able to show that in the
exudates of fatal infections, substances existed which,
whon injectad together with sub-lsthal doses of the
micro-organism into another animal, repidly produced
death. The aggressins may be of the nature of liber-
ated endo-toxins.

(11) The Defensivs Mechaniem of the Host.

Two main lines of defencs exist:-

(a) Non=-gpecific
(b) specific

(a) Non-specifiz = Under this heading should
be included the

(1) Anatomical arrangsment of the cells

of/
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of the epldermis, which act as an obstacles to the
invading organisms.

(2) The sweeping action of ciliated epithelium.

(3) surface discharges and secration which act
machanically by washing éway 6réaﬂiéma, chemically as
in the stomach and vagina with their acid secretions
and antiseptically by their contained antibody content.
(b) specific e.z. Antibodiss =~ These are ths
host's main line of defance and will be congidered in
detall in the chapter on Immunity.

These two factors, namely the infacting
agent and the dsfensive mechanism of the host, are so
closely associatad that tha one can not be considerad
without taking the other into account.

Immunity or susceptibility depends on the
relative proportion of the one to the other.

Infection may be the result of excessive
virulence or numbsrs of the invading parasits or to
lessoned vitality of the host with the consaquent
diminution of his defensive mechanism.

From the above it will be realised that the
subject of Immunity is an extremaly complsx one. The
problem mey be focuasssd by comparing the subject to
two countries at wer, whose armises face each other on
each side of the boundary. Army 'A' may gZain a
victory over army 'B' either by (a) incrsasing its

efficiency/



11.

efficisncy by special training or by special warliks
inventions e.g. tanks, aeroplanss, etc. or (b) by
increasing its stroangth by new leviss of men, or

(¢) it may defsat army 'B', not through any improvement
of itself but by the weakening of 'B' by desertionm,
lack of discipline or loss of moral, stc. Convergaly
army 'B' may wian or lose to army 'A' for similar reasons.
On the othsr hand, a draw may result in which neither
army is abls to cross the boundary. The last is what
occurs in chronic diseassa. The host is abls to re-
strain the parasits or to neutralise its toxins but

not to destroy it, whils the parasite is able to live
in the host but cannot reduce the vitality to an extent
at which acute infection occurs.

SOURCES of INFECTION. These msy be deacribed as

(1) Exogenous .
(2) Endogenous .

The formear is by far the commonar.
(1) . An exogenous infaction is ons in which the
parasite reaches the tissues of the host from sources
outside and unconnscted with the host. Nearly all
disease is of this type, @.g. -

() The intestinal infectious diseasss are
caused by the host partaking of infactad
water, milk or food.

(b) The respiratory infectious diseasss are

due to the inhalation of infactad air.

(2)



12.

(2) An gpdpgénous infaction is the result of the
activity of organisms normally pregent in or on the
host . The condition is not the result of the viru-
;1ance of the organismes but is rather a sign of lowerad
vitality or resistance of the host. An axample of
this is appendicitis following prolongsd fascal staeis
due to B. ocoli.

Channels of Infaction

An infection may start locally at any point in the
outer covering of the bod}. By the outar covering we
must understand not only the skin and adjacent mucous
membran® but also the covering of all surfaces and
channsls communicating with the exterior. It will be
romemberad that the only direct connection betwesn the
interior and the extarior of the body is the Fallopian
tubes in the fsmale. The infection may remain local-
1sed or become systemic by penatration. Two factors
regarding the channelg of infections must be considerad

(1) Certain organisms have inherent affinity
for cortain tissues and sitses.

(2) Cortain tissuss and sites have an inhersnt
susceptibility to certain organisms.

As a result of these two factors, most diseases havs
definite, regular avenues of infection. Whera an
organism 1is of extrems virulence, o.g. B. pestis,
septica@amia results whether the parasite is inhaled,

or/
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or enters through a local legion in the skin. Again,
when & tissue has recsived an injury, and, in conse-
quence, is somewhat devitalised, it is mors susceptibls
to infection.

But in addition to thess facts, we ars faced
with the difficulty of explaining the selective
affinity of certain tissue for certain organisms.

Thus cholsara, typhoid fever and dysentery are all
gastro-intestinal dissases. Infection cannot taks
plagce via the skin. When ths organisms have passad
the stomach, they selact special sites in the intast-
ines ; thus, B. typhosus attacks the lymphoid tissues
in the small intestines, e.g. Peyar's patches while
the B. dysentarias has an affinity for the mucosa of
the largs bowel.

Numerous other axamples might be given such
as the immunity of the mucous membrane of the oesophagus
to B. diphtherias. The explanation of these phenomsna
is still wanting. Ws must assume that either all
the tissues except those suscoptibls actually deséroy
the circulating organisms or else that the organisms,
lacking soms definite affinity for the non-affectsd
tissues, passively circulate through them without
stopping.

Thie subject is of great practical importance

and/
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and much work requires to be dons on it. Nichols
and Hough (L) have isolated strains of Treponsnma
pallidum from the central nervous system of tabetics,
which when injected into rabbits, have a selactiva
affinity for ths cornea, choroid and retina. Similar-
ly ﬂoguch§2;gports on certain selective strainsg of
spirocheetes . It may ba proved in tne future that
the reason why some syphilitics devslop cutansous and
cardio-vascular diseas? while others are affected
principally in the central nervous system is that
there are definite selactive types of spirochaetss.
If we were able to recognise these types, the treat-
ment and prognosis of syphilis would be vastly improved.
Similar rasults with Streptococci are claimed by

(3)

Rosenow .

GENERAL SUSCEPTIBILITY

A lowering of the host's general suscepti-
bility is always liable to be followed by infection.
A 10316&1 ooﬁclusion follows -~ that the best way of
reducing disease would be to raise the general standard
of health of the nation. The medical statistics of
the Great War show that only a very small percentage
of the nation are in perfact health. The majority
are classified asg "C". To raiss the genaral standard
to "A", by means of better housing, feeding, sanitation,

etc ./



15 .

etc., must be the first ailm of the country. Thise
alons would reduce enormously infactions of all types.
The factors which predisposs to diseass must be under-
stood before this can be accomplished. They can be
divided into two groups -

(1) Inherited.

(2) Acquired.
(1) Inherited Susceptibility.

Although explanation of the facts is lacking,
we know that certain animals and races have individual
suscoptibilities. Thus, whils human beings may con-
tract typhoid fever if infected water is ingosted, an®
animals enjoy complste immunity. Again”ﬁonococcua
has a speclal affinity for the genital mucous membrane
of human beings and has no effect on animals.

Dogs suffor from distemper while human beings
are immunse. Ordinary sheep succumb to anthrax whilse
Algerian sgheep ars immune.

Races and even familiss may have special
susceptibilitiss. Thus, Eskimos are reported to be
oxtroemely liable to measles and syphilis. This, of
course, may be explained on the grounds of a lack of
acquired immumnity and not to & specific susceptibility.

(2)  Acquired susceptibility.

As alrsady stated this is of great import-

ance/ .
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importanca. It reeults from any cause which produces

a lagsensd vitality :

(a) Bxposurs to wet end cold.

Although diseasee of the respiratory passsges
ere alwaye of baecterial origin, there cen be no doubt
that exceeesive sxposure tc wet and cold is & prediepos-
ing cause of infsction. Exporimental prcof of the
lowering of vitality as the result of cold was de-
monstrated by Pasteur whan he showed that fowle which
normelly are immune to enthrex could be infected if
the body temperature wae reduced by cold baths.

(b) Diet.

Not only must a diet be sufficlent in calorif-
ic valus but it must be properly balenced end contain
sufficient amounte of vitamine. Any prolonged period
of divergence from & properly balanced dist must result .
In lowering the powers of resistance. When the stage
of femine is reachsed in & country, the nation is liablse
to suffer from terrible epidemics of disease. This
hag occurred repestedly in Europs end Aslae where
famines have been followed by vast epidemice of
cholera, plagus end typhus fever.

(¢)  overwork.
Either mentsl or physlcal rssults in &

lowered/



17,

lowered vitality. It is associated usually with
insufficient sleep, mental and nervous worry, etc.
It is the duty of the mediceael profession tc reducs
' infection by explaining these problems to patients.
When dealing with the working clesses, overwork csan
be corrected only by Insgpectors of the Public Haalth
Department making careful enquiries in the factories
and workshops. It should be clsearly recognised that
in every trade, depending on the amount of musculsar
or mental energy raqﬁired, there is & definite limit-
8d number of houre per day in which efficient work is
produced . Increasing the houre, not cnly reducss
the output but loweres the vitality of the worker end
thus starts a viciocus circls.

(d) Previous infecticn.

While some digeeses produce a reesulting
immunity, e.g. typhoid fever, measles, etc., others
produce either no resistance to infection or an actuel
susceptibility. This is exemplified in pnsumonis,
influenze and acute rheumatic fever. No satisfectory
explanation of this has 9ver besen given but it is
obviously of the greatest importance that further
researches into the subject should be undertaken.
Whether the second illness is the result of a nsw in-
fection or of the previous infection never having

been/
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been completely eliminated, & subsequent recrudsscence
occurring when the host's vitality is lowered, must
remain unsettlsd at prssent. In any case, even if
the facts caunnot be explained, the futurse worksres on
the subject must devise metheods by which individuals,
who have contracted a dissase which is known to leave
them more susceptible, shall be lmmunised actively
and prophylactively ageinet another attsack.

When the invading parasites have entered
the tissus and produced infection, dissease is the
result of one cor more causes.

(1) Toxsomisa .
(2) Bacterisemie.

Bacterial Toxins

Definition "Bacterial toxins are the poisonous
"products produced by bacteria in
"both living tissuses end artificial
"culture-media."

Toxine are undoubtedly the parasite's
main weapon ageingt the host. In somes dissases
such ae diphtheria, tetanus end botuliem, toxsemia
ia the only factor of importance. In most dlseases,
however, infection is characterised by & comblnation
of bacteriesemia and toxsemia.

since the discovery of diphtheria toxin
by Roux snd Yersin in 1888, a vast amount of research
work on these poisons has been done and as a result,

gsome of the most important facte regarding immunity,

and /



19.

and the relation of antigen to antibody were discoversd.
TOXINS are divided into two great classes :

(1) EBExtra - ¢sllular.
(2) Intra - cellular.

(1) Bxtra cellular toxine are produced and excreted

by the living organisms into the tissues or artificial
culture media, snd hence are alsc called solubls or
true toxins. They have been studied chiefly in
diphtherie and tetanus but they occur also in botulism
and dysentry and to a less extent are produced by ths
staphyloccocus, etreptococcus end B. welchii.

In thess diseases the organisms remain at
the site of infection, producing their poison which
is removed by the blood lymph strsame with resulting
intoxication. -

General nature of extra-csllular toxins.

Since toxins are extremely labile and ars
altered or destroyed by light end heat, it 1s imposs-
ible to obtain an accurate chemical snalysis of them.
Investigation has principally bsen in the field of
enimal experimente.

The following facts are, howsver, probably
correct .

(1) | They are soluble in water and dialyzable through
thin membranes only.

(2) Thay are precipitated bv alcohol and ammonium
sulphate.

(3)/



(3) When injected into animals, anti-toxins can be
demongetrated always in the serum. Thus they
are absolutely specific and in thies way differ
from ptomalnes which are non-gpecific clsavage
products of the media upon which the baecteria
have grown.

(4) They are colloids.

(6) Thay olosely resemble enzymes or ferments both
in the way in which they are produced, and in
their mode of action and in their thermo=~lability.
They diff'er mainly in the fact that an enzyme
acte as a catalyst. Small quantities by acting
agein and again can decompose lasgs quantities

of orgenic compounds, while a toxin after unit-
ing with a compound loses ite identity.

selective Actione of Toxins
Just as it has already been shown that
bacteris may have a special affinity for certain
definite tissues of the body, eo toxins may act
specifically on certain oells. As a result of this,
it has been found that & scluble toxin 1le usually a
mixture of two or more toxins.
In the cage of tetanus, there exists, accord-
ing to Ehrlich,
(1) a neurotoxin-tetanospasmin.
(2) a hasmotoxin-tetanolysin.

Flexner has clearly demonstrated that tﬁe syﬂtoms of
Bacillary dysentry are mainly due to a soluble toxin
which acts specifically on the intestine as cen be
shown by injecting the toxin alone into animals.
Similarly the soluble toxin of B. botulinus hes &
selective affinity for the cells of the cranial nerves.

Soluble/
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So;uble toxine would appear thserefors to act in a
manner similar to the poisons of certain plants snd
the vencms of some snakes, e.Z. strychnine on ths
motor cells of the spingl cord, and cobra venom on
erythrocytes.

Soluble toxins of the spore~bearing snssrobic bacilli

During the Gresat War, which wae mainly
fought on the highly menured agricultural countries
of Belgium and France, a large number of gunshot
wounds became® infactad with these spors-bearing
organisms. Owing to previous work on tetsnus, an
anti-toxic serumwees soon prepared in large quantitles
and all wounded soldisers received prophylectic in-
jectionsa. The results were ominently satisfactory
as a case of tetanus was s comparatively rars occurr-
ence . Unfortunately, this serum had no sffect on
the extrsmely serious condition called gas gangrens
which was found to occur in musculer tissue which weas
seriously devitalised by lacerating gun shot wounds.
It was scon discoversd that B. welchil wae a cause of
gas gangrens and an antitoxic serum wes prapared.
Although this reduced the number of cases and was of
some benefit in treatment, it did not eliminate them
entirely and subsequent carsful examination showed
thet the Vibrion septique and B. osdematiens werse

also causes and anti sera wers produced accordingly .

By/



By 1918, a serum was in use, a few cubic centimetres
of which would protect an animel infected with mixed
culturee of B. tetani, B, welchii, Vibrion septique
and B. osdematiens. Thie ended what may be termsd
a triumph of egcientific investigation, the full
benafits of which never were realised owing to ths
declaration of psace. It is along such lineg as
these that the future development of medicine must

procesd.

Definition - Pfeiffer defined endotoxins as
follows : - I
"EBndotoxine are the preformed toxic substances
"retained in ths bodies of microc-orgenisms until

"relsased by disintegrating processes."

To obtain endotoxin, it is nscessary that
the organisms be disintegrated completely. Several
methode are available. Thus, Cols (4') producsad
pneumococcal endotoxins by dissolving the orgsnisus
in dilute solutions of bile salts.

Rosenow (57) obtainsd eiwilar resulte by
alternately freezing and thawing ths organisms sus-
pended in saline. (6)

Rowlend and MecFayden secured typhoid endo-
toxins by first freezing the bacilli with liquid eir
and then grinding them. Unlese a rapid disinteg-

ration/



23, "
disintegration of bacteria be secured, the toxic
materiel may be of the nature of protein split products
due to proteclytic enzymes acting on the bacterial
ﬁrotoplasm and not a trus preformsd endotoxin.
The Nature and Action of Endotoxine.

The chemical nature of endotoxins is unknown
as,; up to the present, the material has not been ob-
tained in the pure state.

It 1a a matter of tho greatest clinical
impertance that up to the present satisfactory anti-
toxins have nsaver been produced for endotoxins. The
merked success, which has been atteined in the trest-
ment of diseases dus to solubls exotoxins, has already
bsen stated. Until new factors are discovered to
oxplain the failure of immune sesra in the treatment of
the much larger group of endotoxic diseases, serum
treatment cannot progress to any great extent.

Although endotoxins do not produce antitoxine
in the serum of an injected animel, they are neverthe-
less antigenic. Thet is to say antibodies of the
nature of agglutinine and bactericidal substance are
developed which are specific for the orgenism frouw
which the endotoxin has bgen obtained.

The injsection of large amounts of endotoxin

into animels produces symptoms resembling acuts or

delayed anaphylexis. When small immunieing doses are

given/
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given, wasting end fever usually follows. 1In addition
their action on lsucocytes has been closely studied,
and generally they produce a negative chemotaxis, and
are anti-~-cpsonic. Their action is similar or identi-
cal to the "aggressins" described by Bail.

Becteriel Proteine.
It is still unknown to what extent the toxic symptoms
of the majority of digeages are dus to the libersation
of oandotoxins or ars the result of the toxic action
of the split products of bacterial protein.

Vaughah (Q?) hae studisd the problem extens-~
ively. He concludes that the gresatsr part of bacter-
ial protoplasm consists of true protein. By treating
massds of orgenisms with absolute alcohol in whioch
two per cent of sodium hydroxide had been dissolved,
he wae able to split the bacterial protein into two
portions. Ons portion, which was soluble in alcohol,
wae poisonous while thse other which was insolubls, was
non-polsonous. _

Vaughan beliesves that in an infection, specif-
ic "formente" ars produced in the body from leucocytes
and tissue cells which act on the organisms 1in &
manner similar to the chemical process just described
with ths libsration of the toxic protein split products.

Fpiadbgrgerx §) in Germeny, end Embleton and

Teals (? ) /
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(7)
Teale ? belleve that the splitting of the bacterial
proteln is due to action of ambocsptor and complement.
Grave doubts about these theories have more

0)

recently arisen since Bordet (¢ » Jobling and Peter-
son (rf), and others have shown that identical toxic
substances can be producsed in vitro without the pree-
ence of bacterial protsin by substituting such sub-
stances as kaolin and agar. In short,; the most recent
researches point to a view opposed to Vaughan end
Embleton and T2ale.

It seems probable that in infection, the
toxic substances are derived from the blood constit-
uents, the altsrations being brought about by phyeical
and chemical changes, in which bacterial protein may
pley the part of a catalyet but is otherwise inert.
(Kolmer - Infection and Immunity =~ Page 114).

Sufficieﬁt has besn written now to explain
the main linegs of attack of an invading paraeite.

The next step is to examine the defensive forces of
the host.
TMUUNITY

The mechaniesm of defence conglste of two

portions :

(1) specific.

(2) Non-spscific.
The non-gpecific forces have already been described.
They are only important in so far that they prevent

&/
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a contamination or an invasion of the body surfacss
from becoming an infection. Once an infection has
resulted, the body éelle of the host react with the
production of specific defensive measures known as
antibodies in order to defend the system. Tha de-
fensive forces of the host are as numerous and seven
mors complex than the offensive weapons of the infaect-
ing organiems.

Before dealing in detail with thess anti-
bedies, it ie advisable that a short survey of the
theories of Immunity should bs made.

Historic. The science of immunity can be traced
back to the sarlisst ages. Thus, Hippoorates taught
that the factor that causes disease is capable of
cuping it. The savages of Africa practised immuni-
zation against snake venoms from ths earlisst times,
whils for many csnturies Eastern races have made pre-
ventive inoculations against small-pox by sxposing
subjects to mild casas of infection.

To Bdward Jénner ig due the credit of belng
the first to make a scientific study of immunity.

He produced immunity to smell=-pox by inoculating
subjects with the lymph of calves suffering from cow-
Pox. Righty years elapsed before Pasteur, by his

investigations into fowl cholera, anthrax and rebies,
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finally establisghed immunology on its present scientif-
ic basis. Pasteur believed that acquired immunity
resulted when the organism invading the host had used
up gome substance essential for its existance, and for
lack of proper nourlishment ceased to multiply and
finally died. This theory 1s untenabls in the light
of the present day knowledgse. There exist at present
two main theoriss regarding immunity ¢~
(1) The cellular thsory of Metchnikoff.
(2) The humoral theory of Ehrlich.
The Cel%glar Theory
Metchnikoff adduced this theory as the result
of his researches into the amoebold movements and
phagocytic properties of unicellular organisms. In
hle original theory, immunity depended on the success
or fallure of the phagocytes in destroying the invad-
ing organisms.
He divided the phagocytes into two classes :-

(1) Microphages, principally the polymorpho-nuclear
neutrophile leucocytes.

(2) Macrophages, principally the largs mononuclear

leucocytes. These may be derived from the
splesen or lymphatic glands, or may conegist ?f_
the endothelial cells lining the serous cav
ies and lymph spaces.

OHEMIQTAXIS - The attractive force which bacteria,

88 woll as other foreign substances exert on the

migration of lsucocytes, was callad by Bordet, chemic~

taxig,
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28 .

These forces are transmitted through the
body fluids end are produced by injection of both
living and dead organisnms. The phenomsnon of
immigration may be explained, however, on a physical
baeis. There 1s evidence to show that as the result
of the injection of foreign protein, or because of ths
injury to the cells at the point of injsction, a lowsr-
ing of surface tension results which causes the lesuco-
cytee to move towards the site of infection. Other
substences may ralse the surface tension and thus
cause a negative chemlotaxis. A more probable ex-
planation of negative chemiotaxises is that the endo-
toxins or aggressins liberated from the bacteria being
anti-opeonic, paralyse the movemsunt of the leucocytes.

When phagocytosis has taken plece, the
ingested orgenism is digested by means of intra-cellu-
lar ferments called éndo-lyaina. Occasionally
loucocytes may engulf living bacteria and carry them
into ths deppsr tissuss where the cell dies end thse
micro-organisms are liberated with the consequent
spread of infection.

When the advocates of the humcral theory
of immunity demonstrated that bacteria could be killed
by substances in the blood serum entirely independent
of phagocytosis, Metchnikoff was forced to modify and
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expand his theory. Thus, he admitted the existancs
of bacterioclyeins, bacteriotropine and other antibodiess
in the serum but claimed that these substances are
; derived from the phagocytic cells. It is generally
| agroed to-day theat antibodies are produced by the
tissue cells and are pouread into the blcod stream
which acte merely as a conveyance. It has never been
proved that they are only produced from phagocytic
' ce6lle and it is far more reasonsbls to believe that
antibodiss are the result of a general c¢sllular activ-
ity.

Humorel ?hsory q; Im@unity

The humoral theory ascribes immunity to the

effects of body fluids on the infecting organlsms.

The originator of the theory was Fodor (12) who in

1898 found thet the blcod of rabbits would kill anthrax
bacilli in the test-tubs independent of cells end
phagocytosis. In 1894, Pfeiffer produced fresh
support by his discovery of the fact that if cholera
'vibrios are introduced into ths peritoneal cavity of

a gulnes pig previously immunised, bacterolysls takes
place.

Three years later, Ehrlich published an
explenation of these and other observations of support-
ers of the humoral theory in whet he called the
"side-chain" thoeory .

It/



It depends primarily on the claim that the
antigen introduced into an enimal forms a chemical
union with the body celle. The whole theory is
hypothetical to a degrss, as wsll ag complicated.
'Apart from ths fact that much fresh informstion on the
subject of immunity cams to light by the investigation
of its possibilitiesg, 1t has basn of doubtful valus in
expleining the problem of immunity. Today it is best
relsgatad to a back shelf and regarded as a fascinating
' though impractical theory. My own personal opinion
is that a cellular thoory in ths broadest senss is
probably correct. Immunity must not be sald to da-
:pond on any special typs of cell but rather on the
reaction of all the tissue cells of ths body.

Antigens end Antibodies.

Since antibodies are the specific results of
the interaction between antigens and body cells, =&
preliminery sumnary of tha subject of antigsne 1s
esgontlial.

Definition ¢ "apntigens are substances that cause
] "the formation of antibodies in the
"body flulds."

They are ossentlally specific in their astion
in producing antibodies. The problem of non-gpacific
antigens is dealt with in the chapter on non-spacific

lomunity .
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The naturs of sntigsns 1s still an open
quastion. They are probably colloids and in ﬁdditioa
all avidencs go9s to prova them to be protsins. |
Protaoses may possibly ahow some waak antigenic valus.
Animo=-acids and polypsptidee ars definitsly non<antigsen-
ic.

The position of lipoids as antigsns is atili
not definitely satiled. Most of ths evidancs points:
clearly to their being non~antigonic. Ths fact that
lipoids are of such importance in the Wasssrmann |
reaction and other complsmsnt fixatlon tests in no way
proves thom to bs antigonic.

Antibggigg.

| Definition : :
F R ' "antibodies are the specific substances
" found ia the body fluids as the result
"of the interaction of ths body cells
"and the antigen."

The sctual sites of antibody production
remain an unsattlsd question. Whils it ies 1likely
that tho leucocytes and blood forming organs arse of
the greatsst importance as producers of antibodiss,
it is probably that the tissus cells as a whole must
'be regarded as tho sssential factor in immunity. In
fact, the most recent rassarchas point to the endothelr
ial cells lining the capillary walls as belng important
factors in the production of antibodies. Once an

antibody has been produced, it may bs found in varying

concantrations/,
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concentrations, not only in the body fluids, but in
the normal secretions such as the urins, saliva and

i milk, and also in inflammatory sxudates. It ie
present however in by far the grostsst amounts in the
' blood.

Sinca the chemical composition of antibodies
is unknown, the antigen-antibody roaction in the body
must be loft unsattled until furthsr invsstigation
| rovealsa néw facts. All the evidence points to the

roactlon being of a colloldal natursa. When antigen
and antibody are brought togeather in solution in

in vitro experiments, there 1s a union of the two with
'demonstrabls physical changes. But although union
has occurred, it sxiats in a loose combination.

Thus, wheu a nsutral mixture of diphtheria toxin and
antitoxin are injectsd into an animal, sntibodies are
produced in the serum thus proving that soms of the
toxin must hava becoms dissoclated. This experimentai
:finding led von Behring to produce his exceadingly
valuable researches into active immunisation in diph-
theria.

The most racent investigations show that by
certain procadures ths antibody-satigen comblnatlon
may be broken up with recovary of the two parts
apparently undamaged. Thus Huntoon and Etris t39
‘have recoverad ths pneumococcal antibody from the
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imnune serum. They found that the antigsn-antibody
combination may bs dissociated by treatment with ten
per cent saccharose solution, normal salt solution
and ammonium carbonata solutlon.

A new field in serum therapy is opeuning as
a result of these ressarchss. For not only will the
antibody be concentrated into a small bulk for inject-

ion, but sincs the prdtein has been mainly eliminated,

-sonsitization and anaphylactic reactions in patisnts

will practically disappear.

Trensmission of antibodies
Ths experisncs of investigators of the problem of the
transmission of antibodiss from the mother to the
foetus 1is contrary to the idea held by thse clinical
gaction of the medical profaession. As judged mainly
by the agglutinin content of the foetal blood, Gruabaum,
Schenk, Park, Reymann and many othsrs statse that anti-f
bodies are not transmitted to any degree from mother
to fostus. When antibodies are found to exist in the
fo» tal blood, the probabls sxplanation is that the
entigen passed to tha fostus yla the placental circul -
ation where it produced antibodise by stimulation of
the fostal tissue.

One dafinite excoptlon exists in the cass of
diphtheria whers thars appears to be a natural trans-
ferencs of antitoxin with resulting immunity for at
loast a year. Infants under one year yisld a negative

Schick/
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Schick reaction : from the recently published work
by Dick, probably the sams is true of scarlst fevar.
After birth there is definits svidence to show that
the maternal antibodisg are traﬁsferred in the
colostrum and milk.

Specificity of Antibodies.
Ths reactlons and principles of immunity depend
absolutely on the basic law that antibodies are
spacific for thoir antigens. Non=-g8pacific immunity
is considerad by itself in a subssquant chapter.

By means of theso blological reactions, sera
of differeont animels which appear identicsl can bs
sharply differentiated. Wells states, however, that
if these serum proteins are obtained purs, definite
chemical diffsrence oxists. Hartf; of tha Wellcome
Research Laboratories, in a paper read at the British
dedical Association mesting at Bradford in July 1924,
states that aftsr the most careful chemical analysis
of serum proteins of different animals, he was unable
to find eny chemical diffsrencea. This, howevar, is
denlad by other worksrs. The fact remains, that by

these reactions, quantities of protsin or antlibody can

'ba detacted in smounts far too small for aven attempting

a2 chomical analysis. Thus by the intradernal method,
000000025 ¢.c. of a"high potency" diphtheria antitoxin

can/
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cen be detscted. 0O'Brien (Opening paper B.uM.A. Brad:
ford 1924 ) states that he has produced a pnaumococcsal
serum of which 1 c.c. will protect a mouse against
fifty million fatal doses of living pneumococci Type I .
Yot this serum falls to protect a mouss injscted with
small numbers of pneumococcl Type II. orphologically
and blochemically the two type of pnsumococci arse
identical.

Similarly the different membere of the B.
botulinus end ths paratyphoid organisms can only be
differentiated by antibodies reactions.

It must be remsmbersd that although antibodies
are gpecific, it doeos not follow that they are protact-
ive. Whils antitoxine are both specific and protsct-
ive, agglutinins are only spscific and do not injure
the orgenism. On ths other hend, an animal may be
immune although its body fluids apparently contain no

antibodiss.
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Immunity is divided into two types :

A Natural
2. Acquired

Definition : "Natural lmmunity is defined as the
"resistancs to infsction normally
"possessed, usually as ths result of
“inharitanca, by certain individuale
"or speciss under natural conditions."
As has already been stated in the chaptar on
I1nfection, certain species and racsos are susceptibls
to certain infections. Ths convares is also found.
Thus, humen beings are lummuns to fowl cholesra, swine
faver and distempsr, while animals ars immune to
cholera, typhoid fevsar, chickenpox, etc. This
immunity existe in spite of the close assoclation of
human beings with domsstic animals which furnishes

ample opportunity for infection.

Racial Tmmunity is sald to exist but is somewhat

doubtful. Thus the negroes are supposed to be immung
to yellow faver and longolians to scarlet fever. A
more probable explanation is that the ;ndividuale havg
acquired the diseasss in early infancy in an unrscog-
nised form. Even in closaly related specises, great
variation may occur. For instance, the white mouse
ies immuns to anthrax, the houss mouse somewhat suse-~
ceptibls, whils the fisld mouse is extremaly guscept -
ibls.

In short, natural immunity may be gsaid to be

relatiﬁe/
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' relative and seldom absoluts.
Thue 1t is a fact that fowls are naturally
immune to ordinary doses of tetanus toxin but it should
be remsmbered that this iméunity is only relative,

larger doses raadily proving fatal.

Acquired Immunity

Acquired immunity occurs in two forms :

l. Active
2. Pasgslve
Definition : "Active acquired immunity is that form

"of resistance to infection which re-
%sults from a person or animal having
"the actual diseas® or baing inoculat-~
“ed with the causative organism. "
(Kolmer)
Thoe egsential featurs of active immunity
is the reaction of the living cells and tissues of the
host in their endeavour to overcoms the invading
rerasites.
Active immunity may be produced by one of
thres methods @

(.0 Accidental infection. Thie is the commonest
way and is exemplified in such diseases as measles,
scarlst favsr, typhus, etc.

(I1.) Producing the diseass by inmoculation of the
living virus. The Eastern races have employed
this method in dealing with small pox. The object
of this method is to produce a mild case® of the
disease. yndoubtedly the immunity resulting 1s

tha
more satisfactory than that produced by giving th

dead virus. But, unfortunately, the method at
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present must be held to be too dangerous to

employ on human beings. It is, howaver, largely

used in veterinary practice with very good results
(IIT.)  Inoculation with e modified or dead virus. |
This 1es called vaccination. Examplss of a
modified virus ars the Jennerian vaccination
againgt small pox and Pasteurian vaccination
against rables. Examples of & doad virus ars

the inoculations against typhoid and paratyphoid

fevere with dead cultures of the organisms.

Passive Acquired TImmunity

Passive acquired immunity is produced by the
injection of serum containing preformed defensive
substances which ars not the result of the host's own
cellular activity.

As the name indicates, it is a passive trans-
ference and not an active production of defensive
substancses.

Passive immunity is quite as specific as
active immunity. The immune seruam will protect or
benefit only a person who is suffering from an im =
fection dus to the sams organisms as produced the
antibodiss in the lmmune serum. Pﬁssive immunity
is produced immediatsly on injection of the immune

serum, thers being no negative phase. Hence it 18
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of the greatest benaflt in acute severe infections
end as a prophylactic means of preventing dissasas
which havs a short incubation period.

In proportion to its quickness of action is
its shortness of duration. Nor is the degrees of
immunity so high in passive as in active immunity.

In diseasss du3 to soluble toxine, e.g., diphtheria
end tetanus, the pﬁssive immunity conferrsd by
injecting the homologous antitoxic serum is of the
groatest benefit, both to those exposed to infection
a8 wall as those actually suffering from it.

The rosults of injection of antibacterial
sera are comparabls in no way to those of antitoxic
8ora. . Until this difference is corrscted, antisera
cen only be of limited valus. As soon as methods
ars devieed by which potent antibacterial ssra are
produced, the whole field of serum therapy will be
widened greatly, with results so beneficisl that
diseases which today ars mainly bsyond ths control
of the profession, will bs greatly reduced both in
morbidity and incidence.

ANT;BOD;Eg

The defansive bodiss which result from the
interaction of antigen and tissue cells are callad
antibodies. They are baliaved to be ths host's main|
line of defence against infection. This is undoubtedly

true/
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truse of antitoxinse, but with regard to ﬁhe others,
the relation which they bear to actual protection from
infection ies still unsettlsad. A vast amount of in-
vestigation has brought much information to light.
Methods are kaown of detecting ﬁntibodies in the most
minute quantities. And yet today, twenty eight years
after Bordet first described the phenomenon of
agglutination, we ars unabls to state whether sgglutin-
ation is or is not an index of immunity.

Bafore describing each individual antibody,
it may simplify matters if the various antigens and

antibodies ars shown in tabular form :

ANTIGENDS ANTIBODIES
1. Opsonigsnous substances Opsonins
(bacterial ando-toxins ?)
2. Cytoligenous substances Cytolysins
(ag Vegotable cells (a) bacteriolysins
(bacterial)
(b) Animal cells (p) (Hasmo}yains'
( erythrocytes, (spermolyeins
gpermatozoa, (nephrolysins,
kidneys tissus, etc.) atc.)
3. Agglutinogenous substancss Agglutinins
(bacteriagerythrooytes, etc.)
4. Precipiltogenous substances - Precipitins
(soluble animal and vegetable
protein) :
5. Enzymes or ferments (An219:§g?§9
antlir ’
(rennin, lipase) i
8. Toxins. Antitoxins.

OPSONTNS

Definition/
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pefinition : " Opsonins ars egubstances in normal
"and immune sera which act upon
"bacteria and other ¢ells in guch a
" manner as to prepars them for in-
"gestion by the phagocytes.

Historic Metchnikoff as early as 1893 showad
that the bedy flulds contained substances which great-
ly facilitated phagocytosis. In fact, he proved that
if lsucocytes and bactsria are thoroughly washed,
practically no phagocytoéis results. He attributed
this result to subetancses in the serum which stimulat-
od the cells to phagocytic activity.

In 1903 Wright and Douglas (f?ﬁ showed that
the substance in the serum acted directly on ths
bacteria and prapﬁrsd‘or sansitiaeé them for ingestion
by the cells. They csallsd the substance in the serum
opsonin (from opsono - I preparse food for ). At
the same time but quite independently Penfé®ld end
Rimfau ceme to the sams conclusion and named the
substance Bacteriotropin.

. An opsonin consists of two parts !

1. Thermo-labile, which is simllar to or
identical with complement.

e. Thermostabls, which is the true opsonin.
Although opsoning are described as natural
end immune, it sesme likely that natural opsonins are
reelly complsmeuts, eince they are non-gpecific and

are sbsorbed by chearcoal, chalk, atc. The most

marked phagocytosis results when both the thermo~labile
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and thermogtable pesrts ars present. Trus opeonins

are highly specific and are of undoubted help to the
host in reesisting or recovering from certain infect-
iona.'

In the pyogsnic infection, in which phago-
cytosie 1a probably the main line of defence, opesoning
must necesgarily be of greht importancs. In other
types of disease, opsonine are of doubtful valus.

OPSONIC INDEX
Wright and Douglas must be given the credit of

devieing a technique which enabled an estimation of
the opeonic content 6f a serum tc be made. Thoy
defined the opsonic index of a patient as follows ¢ -
Definition ¢ " Ths opsonic index is ths ratlc of the

" number of bacteria ingested by a givaq

" number of phagocytes in the presence

" of ths patient's serum, to the number

" ingested by the same number of phago-l

":cytes in the presence of normal gerum "
Tecbmnigue : By means of & cepillery pipette, squel
volumes of the patient's eerum, a suspension of washed
leucocytes dsrived from a normel blood, and en even
emulsion of the organisms are mixed together and
incubatsd at 37°C. for 15 minutes. Filme are spread
and stained and the phagocytic count made .

Unless/
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Unless the test is performed by competent
bacteriologists with considerable expsrisnce of the
techniqua, it is of 1littls value, as in no other
serologiceal test is the psrsonal error so prominent.

iloreoover, in diseases, in which the serum
| has high agglutination or bactsriolytic properties,
the technique fails ag it ie essantial that the
orgenisms be in an aven emulsion if regular phagocytosls
is to take place.

In my hands 1t has bson a complete failure
whon attempting to estimate the opsonic index of the
sora of rabbits Injectsed with B. typhosus and B.
sulpestifer.

As a routine measurs, the test has fallen
into disuse. This 1s dus partly to the difficulties
. of the technique and the long period required for the
. teat, but mainly to the fact that the resulting in- |
formation hae not the important significance which
the originators of the procees ascribed to it. Thuﬁ!
it ie of doubtful valus in diagnosis and prognosis.
Wright placsd the greatest valus on the opsonlc index
ae a gulds to the size and frequency of the dose of
bacterisl veccines in ths treatment of diesase. BY
means of it, he claimed to eliminate the injection of
vaccines during the period called by him the negative

phase. Recent investigations have thrown conegiderabls
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doubt on the occurrencs of a negative phass. In sany
case, the best gulds in vaccins therapy ie the clinical
ovidences of reaction and the condition of the patient.

No useful purpose would be gerved thesrafore by geing

into the question of opsonine in greater detail.

ANTITCXINS
Definition : " Antitoxins are antibodies that are
"capable of directly and specifically
"neutralisging the dissolved toxine that
"caused their production. "

Historic : (5~)
In 1890 ven Behring

showed that
the blocd serum of animals actively immunised against
diphtharia and tetanus would protect normal animals
ageinet thess diseasss. Furthermore, the imwmune
serun did not possese bactsricidel properties.

In 1891 Ehrlich found that specific
entitoxines could be produced for thasgsgetable poisoné,
ricin and abrin. In 1894, Calmett;{%2bi&449%4zﬂ%£03894ﬁ

produced antitoxing (entivenins) to snake polson.

The sites and methode of entitoxin formation.

Ths exact method of how antitoxing are formed
is gtill unknown. It i1e generally sgreed that when
a téxin is intrecduced into circulation, 1t anchors
itmelf to the tiseus cells and stimulates them to
produce antitoxins. Thege antitoxins cannot be
menufactured by the serum, as a living cellular

ectivity affords the only explanation of the following

facts./



45 .

facts. An animel whoss blood containe a stabls
concentration of antitoxin (tetanus) may lose by
repeatod blesdings as much antitoxin as was contained
in the total blood at the commsncémant of the experi -
meﬁt; and yot without further injsction of toxin, it
mey replacs in the circulation as much antibody as was
abstracted.

Glenny and Sudmersen (a?) showed that a
guinea pig immunised with diphtheria toxin meintained
the same concentration of antitoxin in its blood for s
period of from ones to two years. During thie time,
it almost doubled ite weight and gave birth to eight
young, the blood of which contained at birth the same
concentration of antitoxin as that of the wmother.

It is therefore certain thet a continuous cellular
activity is the most importent part of entibody format-
ion.

Nature of Antitoxins

sincs antitoxins have never been obtained
completely free from serum protsine, their exact
chemical nature has never been discovered. Brodie((ﬁj
was the first to show thet antitoxin is completsly
PreinitQted from soluticn by eny means whiCh removes

the globulins. Antitoxins sre far more stable than

toxine and are scarcely affected by heat up to 62 OC.

Boiling completely dsstroye them. Antitoxic serea

when/



46’

when kept in a cool place and protected from light
and air keep with littls deterioration for a period

of from ons to two years.

Naturel Antitoxins.

These substances undoubtedly exist in the
blood of both human boings and animals. With regard
to natural diphtheria entitoxin, it is probable that
it 1s trensferred to the foetus from the mother via
the placental circulation. Infante under one ysar
glve a negative Schick rsaction and ars very insus-
ceptible to the diseass. According to Dick, his
intradermal reaction shows the sams phsnomenon occurs
in scarlet fevsr. With regard to natural antibodies
to other infections, they ars more likely to have re- |
sulted either from a transferencs of antigen to ths
foetus during its uterine 1life or eles from a uterine
attack of the disease or even a mild unrecognised
attack during early infancy.

The gehiok test for natural diphtheria antitoxin

In 1913 sohiok ('9) published nis researches
into a skin test which enabled an estimation to be made
of the presencs of natural immunity to diphtheria in a
human being. His discovery has proved to be of para-
mount importence. By means of this test the suscept-
ible membsrs of the community can be found and by

active immunisstion can be protected from infection.
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A slmllar test for scarlet fever has been devised by
the Dicks. By meang of the intradermal injection of
the soluble filtrate of a broth culturs of a haamolytic
streptococcus, isolated from the throat of a patient
suffering from scarlet fever, susceptible individuals
can be separated from those naturally immuns and can
be actively immunised by & streptococcal vaccine.
This work, which was started soms two ysare ago, has
besn examined sufficisntly now to afford the belief
that it will ba of benefit in the sredication and
prevention of ecarlet faver. Since the Schick test,
which is very similar, has had a much longer trial
and is of equal importancs, I proposs to give the
details of the mathods smployéd in performing it.

Tha test consists of the intradermic inject-

ion of a minute doss of diphtheria toxin. If the i
|

individual possessee an amount of natural antitoxin
equal to at least 1/30 of e unit in each c.c. of
blood serum, the injscted toxin is neutralised and no |
reaction follows. If, however, the individual has
no entitoxin in his body fluide, the injscted toxin
acts as an irritant to the skin, producing in 24 - 48
A positive

hours e small area of redness and oodema.

reaction, thersfore, indiceates that he is susceptible

to diphtheria while a negative suggests he is at least
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relatively immuns. Individuals who have been exposed
to infection and show a positive reaction should bs
injected prophylactively with antitoxic ssrum. In

" the case of school children, among whom epidemice
regularly occur, all positive casee should be actively

immunised by injection of the toxin-antitoxin mixture.

BACTERTAL AGGLUTININS

Definition ¢ " Agglutinins are antibodies that possess
" the power of causing bacteria suspend-
":ed in a fluid to adhers together and
" form clumps."

Historic

Gruber and Durham (%6} and Bordet ‘200 were
the first to discover the phsnomenon of agglutination.
Widal S found that sera of patients suffering from
typhoid fever produced agglutination of & suspension |
of the homologous organism and turned this fact to
practical use by inetituting the diagnostic test now
called the Widal resction.

Two years later Bordet discovered that

agglutinine for red blood corpuscles existed in.certain

gera.
Agglutinine are of two types @
1. HNormal
2. Immune
(1.) Normal agglutinins are found in the sera of

animales or persons who have neither guffered from in-
fection nor been sctively immunised with the homologous

organiem./
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orgenism. Since the serum of new bornm children is
devoid of normal agglutinins (";), it is mére than
likely that ths socalled normel agglutinins may be in
reelity acquired propertiea; Where normal sera have
high agglutinating properties, it is certein that a
previous unrecogniséd attack of the disease has occurr-
aed . Normal agglutinins are alwaye of a relative low
titre, seldom going as high as 1 in 10 dilution.
Occasionally in ths typhoid paratyphoid group of
organisms, apparently normal serum possssses an
agglutinating titre up to 1 in 30.

(2.) Immune agglutinins are the substances which are

found in the serum of an animal or person as & result
of infection or eysteomic immunisation with the organiam.
Agglutinogens
Agglutinins are produced from substences |

contained in the micro-orgenism called agglutinogens.

Agglutinogens may bs excreted by the bacteria
or may be libsrated by their disintegration. Thus the
filtrates from o0ld broth culturss when injected into

enimels produce specific sasgglutinlas.

Ths nature of agglutinins.

Although found in all the gecretione and
fluids of an infected person, agglutinine occur in by
far the highest concentration in the blood. They
withstand heat up to 60° C. for 30 minutee without
detserioration.

They/
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They resist drying and ars best pressrved
in this stats. Along with other antibodies they
9xist mainly in the globulin fraction of gerum and
are therefore precipitated by ammonium and magnesium
sulphates.

They differ from bacteriolysins in two im-
portant respects. First, they are unaffected by
heating to 559C. while bactertolyeine are rendered
inactive owing to this temperature destroying com-
:plement . Secondly, agglutinated organisme are
uninjgrad while bacteriolysed ones are destroyed.

Mechanlsm of Agglutination

The exact manner by which agglutination takes
place ias gtill an unsettled question. Various theoriss
exist.

(1) It may be that the agglutinin makes the bacter-
18l membrane mors viscous, thus producing clumping of
the organigms into massee. No vieible changes,
howsver, can be seen by microscopic examination.

(2.) Again it is suggested that the flagella of
bacteria ars the important factor in agglutination.
This is probably partially correct but does not ex-
plain how agglutination occurs in non-flagsllated
organismg. It is of interest to note that Smwith and
Reagh (Zr) found that two agglutinine could be obtained
from B. suipestifer, one of which acted on ths bodies
whils the other acted on the flagslla

The/
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Ths theory which has most to recommend it may
bs called the Colloidal Thaory. Bordet (59 found
that if the salts were removed from the serum and
from the bactsrial suspension by dialysis, that whan
the two were mixad no agglutination occurrad. Hs
belisves that the agglutinin acts on the bacteria by
altering the relstiouns of molecular attraction between
them and the surrounding fluid. Ths loes of motility
and clumping results from the salts altering the
electric conditionas of the colloidal agglutinin-bacterium
ccmbination with increase of their surfacs tension.

To ovsrcome this increased surfacs tension, clumping
is necessary as a mass of organlsms preesnts less
surface tensgion than if the individual remainsd eepar-
ate. Bordet gives as an analogy the case of potter's
clay which, if made into a fine emuleion with distilled
water, remains in suspension. If a little salt 1is
added, the clay immedistely clumps and falle to the
bottom in a manner identical to aggiutination.

It ie probable thersfore that the following
effects take plece :

First, a vital reaction batween the antigen
and tissue cell results in the productiocn of the
agglutinating entibody which is carried through ths
body in the blcod stream. This resction is essent-

18lly specific. When the serum comes in contact with

the/
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the organism, a result - agglutination -~ takeg place
which can be explainsed by the lawe of moleculer physics.
Specificity of agglutinins

When first discovered, agglutinins were
coneidered to be highly specific. It is recognised
now that an agglutinating esrum for a specific organi sm
( o.2. B. typhosus) will agglutinats other organisms
that are morpholecgically, biologically and often
patholcgieally closely related (e.g. B. paratyphus A.& B.)

Thess additional agglutining are called
group agglutining and exist in the ssrum of the immun-
1sed animals in much lese concentration than does the |
main agglutinin., Thus typhoid sorum might agglutinate
B. typhosus in 1 in 5,000 and B. paratyphosus B. in

1 in BO. If a patient suffers from a mixsd infection,

for example typhoid and paratyphold fever, his serum !
containg the main agglutinins and group agglutinins

of both organisms. By means of the absorption test I
devised by Castellani (Z7J it is possible to different-
iate bstween single and mixed infections. |

The Relation of Agglutination to Trus Tomunity.

It has alrsady boen stated that animals may be immuns |
to an infection without possessing eny agglutinins in
their serum. Again, animale may have a high agglutinin
content end yet be susceptible. Tho agglutinated
bacilli/
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bacilll are in no way injured and culturss fronm

- agglutinated organisms show them to be slive and as

| virulsent as before agglutination took place.

The relation of agglutinins to immunity i1s

. doubtful thersfors. They are, however, of great

. diagnostic valus and can coertainly be used as indicat-

| ors of the vital reaction between antigen and living
tissue cellg on which the whole baeie of ouf knowledge

[ of i1mmunity resté. In addition, agglutinins may play

| an importent subsidiary role in preparing orgeni sms
for bacteriolysis and phagocytosié (28) . An
important observation by Bull 1s worth recording (2?)
He states that experimental agglutination may occur

- 1a vivo and ths powsr of the blood to cause agglutin-
ation determines in a largs measurs whether, after
their dirsct introduction experiumsntally, the bactaria

| ars promptly removed from the circulation and bactarses -
miaz avolded. Thus, the rapid disappearance of pneu-
mogcocci from the blood of a rabbit, following the
intravenous injasction of the homologous antipneumococoal
gorum may be axplained on this basis. If in vivo
agglutin;tion is incomplats and a faw organiams oscapd,
a fatal septicesmia results. Thus, according to Bull,

' agglutinine, opseonins and phagocytosis are closely

: rolatad and exert an important rols in tha recovary

from dissage.
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Toechnigus of ths Bacterial Agglutination Reactlons.

Two methods ars availablas @

1N Microscopic
i Macroscopic

Mieroscopic method :

Bqual voluwss of an evan smulsion of tha
organiam and various dilutions of serum ars mixad on
a slide, coversd with a cover glass and examined
microscoplcally. Slowing followad by loss of motility
| and finally clumping indicatse a poslitivs raesction.
The microscopic method has ths advantage of bealng
guick and requiring small amounts of serum but other-
wlgs can ba coupared in no way to ths macroscopic
method for scientific investigation. As the macro-
gcopic mathod is the method of choics and ie used
ipractically alwayes nowadays, thers is no nsed to glve
further detalls of the microscopic methods.

' Ths Macroscoplc Method :

Bactarial Suspension @

Thie may bs made by washing the growth off
ths surface of edplid medium by normal salins solution
or by using broth culturse of the organism. 0 7
essential that young culturss bs uesd aad that an even

amulsion bs obtained.

Dreyer has found broth cultures,; stsrillsed
and killad by 0-1 par coat formalin to be ths best .

Ths/
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The Test
Thae tast consists of adding equal volumses
of the emulsion of orgenisms to the same volumes of
differesnt serum dilution in agglutinating'tubes.
It 1s a mattar of iﬁdifférénde whether thes

sorum dilutions ars mads with a 1 c.c. plpetta, a
- marked capillary pipetts or one of Dreysr's graduated
dropping pipettas, providsd ths same method is usad
| through the whols invastigation. Personally, T usse
a drawn capillary pipetta, on which a blue circls is
marked about half an inch up the stsm, by msans of s
grease pencil. Ths volume contalned up to this merk
1e usually about 0.6 c.c. Into each tube, this
unit volume of galine is put. - Into tube I. unit
volums of undiluted ssrum (or whatever dilution is re-
quired) is placed and mixed thoroughly by aspirating
up and down on the pipetts by means of the rubber teat.
Unit volume of the mixture is removed to tube II.
where ths process is repeatad and unilt volume removed
to tube III. and so on. At ths last tube, unit
volume is dlscarded. As a result, we hava dilutions
of serum with tubes as follows @ -

Tube I. l1in 2

Tube II. 1 in 4

Tube III. 1 in 8 etc .

The nsxt procedurs is to put unit volume of

the evsn suspsnsion of ths organism into each tube and

causo/
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cause a thorough mixture to bas formad. The dilution
of sorum in each tube will tharefors bs doublsad and

will now bas :

Tube 1. 1 in 4
Tube II. 1 in 8
Tube III. 1 in 18 eto.

Finally equel parts of bactarial suspoasion
end saline ars placed in a tubs as a control. The
tubes are then placad in ths incubator elthsr for two
hours at 3750. or, ag I prefar it, one hour at 55°C.
in ths watsr bath, when the results of the tast may
be rsad.

.When .agglutination is coumplets, all thse organ-
i1sms will be at thes bottom of the tubse as & densa whits
gediment of clumpsad bacterias whils the supernatant
fluid will be parfsctly clear. This may bs denoted
as follows + 4+ + . Where thers ars both clumps of
organisms in suspension as wsll as on the bottom of ths
tube, it can bs designatsd as follows ++ . While if
definits clumping can be s99n in the suspsnslon but
theres is no sesdimentation, 1t can bs shown as follows

+ - A hand leng may hslp in roading this catagory.
The control tube should rzmain unchanged as an aven
smulgion of the organiesms.

Agglutinolds and PTQﬂSSIQEEEEEEQE

On examination of the tubes after incubation,

it may occasionally be noted that the tubes containing

the/
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the serum in highest concentration show littls or no
asgglutination whils the more diluted sera have produc-
ad complats agglutination and sadimeontation. This
phenomanon is of practical importance as ignorance of
the fact may causs an investigator to report that a
serum has no agglutinins through not having mads
sufficient dilutions. It is known as the "Zone phen=
omenon" or "proagglutination." The explenation ie
uncartain but, according to Ehrlich's side chain
theory, it 1s due to the actlon of agglutinoids, which
have a stronger affinity for egglutinogen than has
agglutinin. When the serum is diluted to the extant
at which agglutinoids havs no influence on ths ra-
action, the agglutinine are still present in sufflc-
isnt quantity to briang about agglutination.

From my own practical experience, I bsllavs
that though the "zons phenomenon" undoubtadly occurs,
it does not desservs the prominence given to it in
text books. During the past two ysars I have dono
savaral thousand agglutination tesﬁa with the typhoid-
paratyphoid group of organisms and have nsver seen 1t
pceur . When doing puneumococcal typing, I have noticed
that the tube containing undiluted serum often takes
loriger to produce agglutination than the tube contain-
ing 1 in 10 dilution. In sll cas3s, howevsr, both
tubes sventually showsd complats results.

PRECIPITINS/
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PRECIPITINS

Definition : "Prociplitine are spacific antibodias
"that devalop in the serum of asnimels
"inoculated with bacteris or with
"solutions of animal or vegatabla
"albumins which possess the powsr of
"producing a precipitats in a claar
"solution of the particular albumin
"or culturs filtrate against which
"the animal has been immunised."(Kolmer)

Historic : (30)
 In 1897 Kraus first described bactarial

praclpiting. He stated that when gerum from animals
immunised with cholera or typhold bacilli was added to
a clear flltrate of the broth cultures of the homologous
orgenlsm, the solution becams turbid and a precipitate
formsed .

The feaction was ossantislly agpecific. In
1899, Bordet found that the serum of rabbits inoculatad
with the serum of chickens gave a precipitin reaction
when mixsd with chicken serum.

In 1801 Wassermann and Schultze demoustrated
the value of the precipitin test in differentiating
the blood and secreations of men from othsr animals.
Thess discoveries wers of the graatsst valua to Forsusic
Medicine. *

The Nature and Mechanism of Precipitation.

Except for the fact that in the preclpitin
reaction an albuminous solution is used, whereas, in
agglutinaetion a bactarial euspension is employed, the

two/
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two phenomene appear to be identical. Both ars
ossontially specific but in addition show a group
action for closely alliad_speoias. Both result from
the 1ntéract10n of the injectad antigen and ths tiesus
calls.

The antigen (bactsrial emulsion) which pro-
duces the agglutinin is callad an agglutinogeun, while
ths albuminous solution which_producoa the precipitine
in a serum is called ths precipltinogen. Th2 mechan-
ism of both reactions 1s due probably to colloidal
action. Both ars thermo-stabls to a temperatura of
680°C. for half an hour. Both ars precipitated in the
globulin fraction of ths serum.

The ralation of precipitine to immunity is
similar to that of agglutinins. They ars of import-
ance only indirectly, unlike antitoxins or bacteriolys-
ins which asctually neutraliss ths toxin or destroy the
invading organism, they merely sensitise the antligen
for final destruction by other agencias.

The Preﬁ_i:pija_ti_e
The origin of the precipitate is of interest.

Since a largs albuminous precipitats may reosult
from the addition of a groatly diluted precipitinogenous
fluid to a high titre immune serum, it is certain that
most of the albumins deposited cannot have come from
the precipitinogsnous fluld. Morsover, if the

precipitating/
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precipitating serum is diluted, the precipitate
becomss smallsar and gmaller. For thasss reoasons,

(31)
Welsh and Chapman

conglder that the precipitsts
originates mainly in ths immuns serum and belisva
that 1t consists of the insoluble modificatlion of the
previously solubls protains of the precipitin. A
portion of the precipitate, however, is derived from

the precipitinogoen.

Practlcal application.

From the practical point of view in dliagnosis
of diseass or in the identification and differentiation
of bacteria, I consider the precipitin test to be in-
ferior in svery way to the agglutination test.
Satisfactory results ars not obtained so sasily and
where a quantitative result 1s desired, not only do
I find it not so delicats as agglutination, but also,
it is difficult to read the results in the tubes con-
taining high serum dilution. With the excseption of
the test as usad for typing pneumococcl, I have given
up the method complstsly. Oon ths othsr heand, when
used as & tost in forensic medicine or as a means of
detecting the adulteration of food stuffe etc., it is
of the greatest practical value.

Bacteriolysins

Definition ¢ "Bactoriolysine are substancss in
i Wiho gerum and body fluids that kill

"bactaria with or without lysis.”

Historic /
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In 1886 Fodor ( 2)damonstrated the germicidal
action of deflbrinated rabbit's blood upon enthrax
bacilli. In 1890 Buchner corroboratsad the finding
bf bactaricidal bodiss in blood and showsd that they
wore destroyed by heating at 55°C. for half an hour.

In 1894 Pfeiffer demonstrated the lysing of
eholera vibrios after injection into the psritonsal
cavity of an immunised guinea pig. In 1899 Bordet
showed that thers were two factors in bacteriolysis,
on9 which was thermo-labile and which hs callad "Alexin";
the other was thermo-stabls which he called "Substancs
sensibilatrice”. Later Bhrlich corroborated thess
findings and renamsd the substancas "Complamsat" and
" Amboceptor", by which names they ars usually callad

today .
Ths Origin and Naturs of Bactariolysins

According to Metchnlkoff, bacterlolysins are
derived from the lsucocytes. That leucocytes contaln
a bacteriolytic substance 1s undoubtedly trua.

Thus; Denys and Havet (33) wers the first to
show that sxudates rich in lsucocytes ahoﬁ a higher
degrase of bacteriolytic powsr than doss the correspondr
ing serum. This was confirmed by Hiss and ZinSEBr(sﬁ).
Tn addition, thess suthore state that the injsction of

autolyzed leucocytic exudates into animals infoected
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with pneumococcl and stresptococci producsd benaficial
rosults.

Gerrow (38 studied the question in great
detail and came to the conclusion that the leucocytic
oxtracts were definifély bactericidal but wora differr
ent from complemsnts in being really endolyeins.

Thers 1s genaral agreemsnt that true bécter—
1olyeine are producsd by a geunsral cellular reaction
and not particularly by eny ons type of cell.

Bactsriolysins are thermostable and resist
heating to 80°C. but are destroyed by temperatures of
70° - 80° Q. Bacteriolysis can not taks place in vitro
without the presence of complement. Thus serum
heated to 55°C. is without effect, not bscausa the
bacteriolysin is injured but because the complsment
1s inactivated.

Th2 mechenism of bacteriolysis is explained

by Ehrlich as follows ¢ - Thes bacteriolytic
antibody acts as an interbody or connecting link
(Amboceptor) which joins the bacterial antigen to

the complement . The ambocoptor is essentially
specific for the antigen but doss not injure 1t.

Lysis takes place when the complement becomss attached.
Metshnlkoff and Bordet believe the bacteriolysin acts
as a gensitlzar preparing the bacterium for the action
of complement, just as a mordant helps in the penstrat-
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penstration of a dys stuff. Thus apart from thse

laucocytic sxtracts, bacteriolysis depends on compls-

mant being present.

COMPLEMENT
Definition : "Cowplement is the substancs presant

"both in normal and immune serum,
"which is destroysd by heating to
"8§5°C. for half an hour and which
"acte with an amboceptor or sensitizer
"to produca lyeis."

The nature of Complemsnt :

Complemant is found to a graater or less
degree in the frash serum of all animals. It is
derived probably from the circulating leucocytes
elther as a secretion or a result of their disinteg-
ration.

since compleamsnt from a fresh serum will
produce both bacteriolysis as well as hasmolysis,
the question arises whether one complement unites
with all amboceptors or whether several complements
ars prssant in one serum and these act specifically
with different ambosceptors. Bordet (56) showed that
a complement which will activate either a hasmolytic
or a bacteriolytic ambocsptor may be absorbed out of
a sarum by furnishing excess of elither amboceptor.
From this he states that only one complement oxiste
in a serum.

Ehrlich/
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‘Ehrlich and Morgenroth (3?) beliavs that many
different complsmonte are praegent in varyinz asmounts
in differont sera.

Their experimental resulte ars very convinecing
and the doctrine of multiplicity of comploments is
accopted genarally_foday. ﬁfom a‘praétical point of
vliew, ths question is fortunately of little consequencs,
since in all tests, in which complement is requiréd,
whether hasmolytic, cytolytic or bacteriolytic, the
sarum of a gulnea plig furnishss not only the most
satisfactory but also the largest quantity of compls-
ment .

When bacteriolytic sera are administered
therapsutically, the patient's own ssrum suppliss ths
complemant .

While the true nature of complament is unknown,
it is evident that it bears a very close resemblance
to a ferment in every way except ons. Thus, unliks
enzymes, complsment is used up during cytolysis. A
definite quantitative relationship exists between the
complement and the sensitized red cells on which it
acts.

Rols of Bacteriolysins in Tmmunity

Becteriolysing are axtremsly specific.
Kolmer states that a group action for clossly allied
spocies of organism does occur, but on a much smaller
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scale than in agglutinineg and precipitins. Bacteriol-
ysins are produced both by dissase and by artificial
immunisation but the amount produced depends groeatly
on the antigen. Thus the pathogenic cocci produce
relatively small amounts of bacteriolysin whils certain
Gram~-nagative intestinal bacilli produce the most.
They are therefore of grsatest iwmportance in the pro-
caas of reeistance and rscovsry from the diseases dus
to these latter organisms. In addition, it is suppos-
ad that the curative value of antipnsumococcal and
antimeningococcal gora lises in their bactericidal
properties.
Technigue of Bacterlolytic Tests

The first bacteriolytic test was mads by
Pfeiffer who introduced a culture of cholera vlibrios
into the peritonsal cavity of a previously immunlsed
sulnea pig, and by withdrawing and examlaing Fhe
'peritoneal fluld, found that lysis of the organism
had taken place. The sam9 rosult wae produced when
the culture and some immuns sserum wore introduced into
the peritoneal cavity. In both cases, the animal
supplied the complemsnt.

This msethod is smployed still in the identifi-
cation of suspscted cholara culturss, but is of 1little
valuse for ths typhoid-paratyphoid group of organisms.

The/



66 .

The leboratory methods of msasuring ths

bactericidal powsr of the blood by in vitro sxperimsuts

are of thres kinds : -
(1.) The Plats Culture usthod of Stern and Korte

It consists of mixing différent dilutions of
the test serum with fixed quentitiss of bacterial
emulsion and fresh complsmant end incubating for thres
hours at 37°C.

The contents of the different tubes are mixad
with melted agar and poured into Petri dishes. Tha
platas are incubated for twenty four hours and the
colonies are then countsad. Control plates containing

‘normal serum, bacillary emulsion and complament ars
incubated in the same way.
If bacteriolysins oxist in ths immuns serum,
if’ew or no colonises ghould be seen, while the control
plates should show thousands.
(2.) The Capillary Pipette uothod of Wright.
In this method, looped pipettes are used.
Into them are sucked varying dilutions of culture with
& constant quantity of the fresh unhsated test serum.
Maﬁnits litmus broth is then aspirated into ths bulb
and the pipette incubated for twenty four hours at 37°C.
: The formation of acid is shown by the litmus
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turning red, thus proving that some bacilli (typhoid

test) have escapsd bacteriolysis. Tho bactericidal

powar of the serum is measurad by finding the largsst
number of bacllli which will be killed by a constant

quantity of serum.

(3.) The Lacy~Heist iMethod of Determining the Bacteri-
cidal Activity of the Blood.

Tha method is sspecially valuabls when examin-
ing the bactsricidal content of pnsumococcal or mening®-
coccal immuns gera.

Explained brisfly, the method consists of
drawlng into capillary tubes of about 0-6E m.m.diameter
equal volumes of different dilutions of a blood broth

' culture of pnsumococci ranging from the purs culture
to 1 in 1,000. Ths culturses ars then gently blown
out thus lsaving som9 orgsniems adhering to the side
of the capillary stem. The immunse esnimal is bled and
by capillarity a drop of blood is taken up into each
tubs . The ends ere sezled and the tubes lncubated
at 37°C. for twenty four hours. The ends are then
broken, ths contents expslled on to slides, stainad
and examined microscopically. A similer process 1s
dons with normal blood. By this means we cen find 1if
bacteriolysis occurs snd, if so, what is the largasst
tumbsr of orgenisms that a fixed amount of ilmmune blood

can lyss.,

The/



880

Ths detailsg cf these methods will be found in
the second half of thie thesis.

Author's copinicn

While bacteriolysis undoubtedly occurs as is
testifled by large numbers of investigators, in my
hands I have found these tests to bs universally un-
satisfactory. All thres methode wore trisd and the
resulte arse gtated later.

I obtained no evidence of bacteriolysie
whatsosver in the serum of rabbits immunised with B.
typhosus or B. sulpestifer, in spits of thes fact that
these sora wers highly poteat in agglutinine and in
complament fixing bodiss.

If bacteriolyeis plays the lmportant part in
immunity which is ascribed to it, I cousider that this
must be dus to the conditlone in the body being quits
different from those in vitro. That Pfeiffer's
Phenomenon eoxisgts is beyond question. Thers, howevsr,
ths organisms are not mersly in contact with en immune
serum but are surroundsd by living cells actually
producing defensive measures. Bacteriolyeis ia vivo
is probably influenced by the action of bacteriotroping
and phagocytic cells.

The Complement Fixation Tost
Historic :
While seeking svidence in favour of his theory

thet/
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that only one complsment sxisted in & serum, Bordst
was led to the discovery of this most important sero-
logical tast.
Bordet and his pupll, Geagou (8) found thsat
if, to a mixture of an emulsion of-plague bacilli,
heated antiplagus seruw gnd fresh guinéa plg's serum
| (complament) whidh had bsan sllowed to estand st room
temparature for four hours, be added a2 mixture of
rebbit's red corpuscls and enti-rebblt hsemolytic serum,
no hasemolysis occurred. When heated normal serum was
substituted for antipest serum, heemolysie occurrsd.

He concluded that in immune seerum, s specific
sengltizer was present which united with the antigen
and prepared it for direct union with the complsment.
' No frese complement being left, lysis of the red blood
' corpusclss did mot teke placs, the heated sensitising
:haemolytic serun of itself being inactivs.

Gengou (%7) ghowad later that zll proteins
Wwere capable of producing complement fixation bodises.

Nelsger and Sachs (¢0) showad that by ths
Complement Fixetion Test, the most minute traces of
different proteins could be differentiated. They
were ths first to realiss by this test, that if the
antigen 1s known, the sntibody cen be found and vice
versd ~-if the antibody ig known, the entigen can be

found.

Wassermann/



Wasgermenn and Sachs in 1908, encouraged by
thess resulte, investigseted the sers and cerebro
epinal fluids of syphilitic patients. Their sntigen
congisted of a salins exztract of a syphilitic foetal
liver. They examined 257 casee of syphilitic digeass
in Neisser's clinic and only obtained nineteen per
cent of positive reactions. Later by an imprbved
technique in which alcoholic extract of a syphilitic
liver was used as the antigen, very satisfactory re-
gults woare obtained ( Wassermann, Neisssr end Bruck,
Deutsche . Med. Woch. 1908).

Up to this period the Wasssrmann test was
belisved to be a simple complement fixation test
identicel to the Bordet Gengou phenomsnon. In Jaa.
1807 Weygaudt (40 and Marie and Levaditl reported
?that positive results cculd bs obtained using extractis
of normal spleens and livers as antigens. Theeso |
 findings, together with the improper use of the test
in ungkilled hends, delasyed for several ysars the
appreciation of its great value in the diagnosis of
syphilie.

Today it is recognised thet, while a luestic |
sdrum containg specific antibecdies, yet to perfornm the
test, a specific antigen (Treponema pallidum) is un-
necessary, end in fact, the most sensitive results ars

obtainead/
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' obtained from using a cholestserolised alcoholic extract
of beef heart muscle. A trus explanation of thesse
facts 18 still lacking. Thus the Wassermann ressasction,
though very similar, must not be regarded as a true
complemsnt fixation, 1n which antigen and antibody

muet be esgentially specific.

Nature of the Antigsoun and the Complement
Flxing antitony s

The entligen must consist of protein moleculss.
Polypeptides and amino-acids produce no complement
fixing antibodises. Ths possiblility of lipoids acting
as antigen ie of great interest. Nieyers, Bergel and
lleinieks state that they find lipoids to be antigenic
while Ritchie and Miller, Teals and many others hold
the opposite visew. Fitzgerald and Leathes (42)
injected rabbite with substancss obtained from liver
' which were capable of scting as antigens in the Wasssr-
mann reaction. On testing the rabbits' sera, no
complement fixing entibodies were found. It must not
bs taksn for granted that because some lipoidal sub-
stances servs as so called "antigens" in the Wassermann
test that lipoids can act therefore as true antigens.

The naturs of the complament fixing antibody
ie not known. Tt must be similser to other antibodiss
such as bacteriolyeine and procipitine. In faoct, it

has besn claimed that complemsent fixation ig really

only/
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only a more soeusitive test for bactsriolytic _.awboceptor.
Neufeld and Hendsl (3) have produced axperim“ntal
evidence to show that the bacteriolytic and complsment
fixing antibodlies are separate substancss. Handel

. reports slmilar findings with typhoid and cholsra

| jmmune eera and Torrey produced similar information

| from hig investigations with antigonococcal eerum.

In 1908 Horeschi. and also Gay etV ohowed
that thse precipitate formed from the precipitin and
homolcogous antigen fixed complsment and that ths
degree of complesment fixation bore a rslation to the
- amount of precilpitate formed. This explanation was
. challengad by Neisser and Sachs, Mulr and dartin and
others. Dean (¢5) studied the question in great
.detail and came to the conclusion that the two reactions
represent twoc phases of the same reaction and that

"flocculent precipitation represents ths final stegs
"of a change which can bs rececgnised in ite sarliest
"and incomplete stage by means of complement fixation
"reasction."

The question must remain uneettled at present
but there can be no doubt that precipitation bears an
important relation to complement fixation.

Although the naturs of the complement fixing

antibody 1s uncertain, all investigators agree that it
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is highly epecific for the antigen engendering its
production. The complement fixetion test, when
preoperly performsd, 1a ths most delicate method known |
of detecting minute traces of antigen or antibody.
Complement fixing antibodles can be detected in the
serum of an immuniged animal in smaller amounts snd at
an sarliser date than agglutinins or precipitine.
Thosa orgenisms which producs high titre agglutinating
sera (e.g. the Gram=nmegative coli~typhoid group)
produce well marked complement fixing antibodies,
while the Gram=positive cocci,especially the pnsumo-~
coccus, produces only traces of the sntibody.

The Complement Fixation Test

Only the broad principles of the test will be
deegcribed inm this chapter as the detaile are given in
the experimental investigations destailed in the sscond
‘half of the thesis.

Four congtituents arse nscessary in the test @

(1) Antigen.

(2) TImmuns serum.

(3) Complsment.

(4) The Hasmolytic system.

A satigfactory adjustment of the amounts of
thess consgtituents is essentialy this can b2 done.
only by preliminary titraetions before performing the
actual test.

ANTIGEN

Sincs/
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Since the test ié ossentially spocific, the
antigen must counsiet of ths sams protein congtituent
ag csused the formstion of the antibody. For bacter-
iological purposes, this ie bactserial protein in soma
form or other, usually a simpls saline bacterial
smulsion. Varioue extracts of the orgsnism can be
used. In tha case of Besredka's tuberculous antigen,
not only the tubercls bacillus but also the culture
.medium is included in the antigen. However produced,
it must consist of a homogeneous even emulsion.

Titration of tha antigen

If too large amounts of antigen be used,
non-gpscific absorption of complemanp occurs, giving
'a false positive reading in the test. The antigsn 1s
then said to be anticomplemantary.

Too small quantities of antigen may fail to
fix specific antibodies present, giving a falsse nega-
tive reading. To avolid thess possibilities, it is
essontial that the antigen be carefull titrated. A
preliminery complemsnt titration is performed and the
unit of complemsnt estimated. Varying amounts of the
antigen are titrated with unit voluwmes of complemant
and the largest amount of antigen that is not anti-
complemsntary is chosen as ths unit of antigen. Instead
of the immune serum, saline or normel sgerum is used in

order/



frda i

order that ths total volumes in the tubes shall ba
the samo aeg in the actual test. While not absolute
necesegary, it 1s better to use normal serum than
saline as it 1s géﬁerélly found that ths serum and
entigen fix less complement than the asntigen alone.
Thus, antigen and saline might fix threes units of
comploment while antigen and normal serum fixed only
- one unit. It would therefors be correct to deduct
one unit from ths final reading in the actual test as
being due to non-specific fixation of complemont by
the antigen. .

Titration of gerum :

The same principles apply to the titration
of the immuns serum. Too large quantities glve a
non-spacific fixation apart from any specific antibodles
prseent: while too small amounts contain insufficient
antibodies to produce a definits positive reading.
In syphilis and ths coli~typhoid group of infecticus
diseases where lesrge amounts of complement fixing
bodies are present, minute quantities of immune gerum
produce excellent resulte. In tuberculosie and
 pnsumonisa where antibody production is small, the
maximum amount of serum which is not anticomplementary
should bs esmployed. This 1s usually about 0°*1 c.c.
The serum titration ig made by titrating varying

Quantities/
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quantities of serum (heated to 55°C. for half an hour
'to inactivete natural complement) against unit volumes
of complement, the antigen bsing replaced by the same
' volume of salins.
| COMPLEMENT ¢

From practical experisence, it is found that
the serum of a gulnea plg furnishee the most satiefactory
complemsant . Tha an;mal is bled the night bafore; the
blocod is pleced in ths ice chest overnight and the
serum removed neaxt morning. It should be clsar and
free from cells or deposit. To find ths unit of
complement, dilutions of guinea pig's serum from
1l in 10, 1 in 20 etc. up to 1 in 120 are made. Unit
volumeg of these dilutions are mixed with the same
volumes of sensitisged cells and two unit volumes of
saline to roplace the immune serum and antigen which
are absent. The tubss ars shaken and incubated for
half an hour at 37°C. when the.results are read.
Unit volume of the dilution of guinsa pig's serum
which producss complete hasmolyeis is taken as thse
unit of complement. In a gquantitative test, thie is
callsd the minimum haemolytic dose.

Complement deteriorates rapidly at first,
but in & few hours the dsclins bscomes much slowser.
Hence the complement titration donse in the morning

some/
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some fiftesn hours after the animal has been bled is
liable to very small change during the two hours duriag
which the domplsment fixation test is being done.

While it can_bé téken as a general rule that
complemsnt steadily deteriorates, it does not always
follow that this is ths case. If kept inm the ice
chest, little or no chenge may bes found twenty four
hours later.

Ths Heswmolytic System

The Hesmolytic System consligts of :

(1) Haemolysin
(2) Red Blood Corpuscles

It has been found that the most satisfactory
hesmolytic system consists of gheep's red corpuscles
and anti-shsep hasmolytic ssrum.

Ths hasmolysin is prepared by immunleing
rabbite with washed sheep's corpuscles. Ths intra-
venous injection of five doses of & c.c. each of a ten
per cent susposunsion of washad shesp's cells every four
days into a rabbit, will cause a high titre hasmolytic
serum to be developed. Th3e serum must then bs titrat -
ed agalnet red cells. Tha hasmolytic doe® or unit is
ths smellegt quantity of hasmolysin which will producs
complsete lysis of thé given quantity of sheep's rad
blood corpuscles.

In/



78 .

In the actual complement fixation test, it is
best to use four or five hasmolytic doses. For instance,
ifo.2c¢c.c. of 1 in 1,000 dilution of the haemolytic
éerum produces complete lyels in the.titration, it
would bs wise to use 0°2 of 1 in 250 dilution in the
tsst proper. Thie represents four hasmolytic doaeé
of hasmolysis.

Red Blcod Corpusclss

Sheep's bleood ies collacted in a sterile vessel
containing gless beads. chaking for ten minutes
producss defibrination of the blocd. The cells must
be washed thres times with an 9xcess of ssline until
the supernatent fluld is practically colcurless. All
tracss of serum should then havs been removed.  Ths
weshed c¢slls must now be suspendsd in salins.

In the original Wassermann rsaction, a five
per cent sguspension was used. The resulte are sharper
and easier to rsad if a less heavy suspension ig em-
ployed. In my experisncs, a two or three per cent
suspenslecn is tha most satisfa&tory._

The hesmolytic system acts thse part of an
indicator and demonstrates visably whethsr complemant
hes been fixed or is free, in the sams way that litmus
shows whether an acid ie prosent or unot.

The value and accuracyof the complement fixation
test depends on the propar adjustmeat of complement,
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cells, and hasmolysin to on9 snother.

The technical detalls and ths varlous quanti-
ties of the diffarent constituents will bs found in
the descriptioﬁ of ths experiméntal studiss in the
second half of ths thesis.

Practical Application of the Test

If the antigen 1s known, ths nature of an
unknown antibody can be found. On the othsr hand,
if the aﬁtibody is known, en unknown antigen can be
detarmined. As a rules, a known antigen is used to
find out if a sarum contalns the homologous spacific
complement fixing antibody.

The test 1s most commonly employed in the
dlagnoels of syphilis but is also of valus in numsrous
bactarial infsctione such as gonorrhosa, tubsrculosie,
whooping cough, etc.

In addition, it yislds even more sensitive
rasults than the precipitin reactions in the differ-
ontiation of proteins and is therefors of valus in
medico-lagal work.

Non-Specific Immunity

During the past fiftesn years, a considerabls
amount of clinical evidencs has besen brought forward
to show that the injection of non-specific foreiga

protein into a patisnt may influsnce favourably the
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coursd of an infectiont this therapy 1s known as
"protein shock therapy" and the beneficial raesults
which are gald to occur ars due to a non=specific
reaction. The non-gpecific agents most commonly
employed are :
) Non-apecific vaccines
(e.g. typhoid vaccine in gonorrhosa or

B. coli vaccine in typhoid faver)

(2) Normal or ncn=spscific immune horse
gerum.

(3) Cow's milk.

(4) Peptons. :

‘sufficient amountas of thses foreign protsine
must be injacted to produce a reaction, if benoficial
results ars to be obtained. On the othsr hand, the
excessivs production of protein shock must be avoided, |
a8 belng not only harmful but actually dangerous.

Non=Specific General Reaction

Depending on the dosage, tlie routs of ad-
ministration, thes diseass and the physical state of
the patient, the gsnersl reaction produced by the in-
Jaction of any forsign protein ie the same no matter
which of the non=~specific agents is employed.

Within a period of half an hour to several
hourse, the patient complaines of shivering or sven of

& savere chill, At the same time, thers ieg an 2xacarr

bation of the local symptoms . The chill is followed

by/
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by fever varying from 100° to 104° F. If pyrexisa
|is already present, the tsmperaturs is furthsr raised.
Incroass of the pulsse rats, swaeatling, headache, naus2a
and oven vomiting occur, thelr degrae depending on thse
Iinﬁensity of the reaction.

; In properly regulated treatment, thes patient
:should have returned to his normal state at the end

| of twenty four hours.

The Alteration of the Constituents of the Blood.

In addition to thas physical symptome describ-
ed, other changes take place within ths body.

A seriss of leucocyte counts shows, that
following the injection, thers is first a temporary
;leuoopania followsed in a fsaw hours by a definite
:leucocytosia which 1s mainly due to incresass of the
 polymorphonsuclsar leucocytes: in addition, Cowis
and Calhoun (46) state that there 1s an incrsass of
red cells and platselets. This is, howavar, doubtful.

Jobling, Peterson and Bggstein (¢7) stats the
injoction of non=~specific agents is followad by
"a mobilisation of proteolytic snzymes as well as of

lipases" which are summarised as follows in the case
| of human beings :
(1) Concentration of serum.

(2) Practically no changse in tha non~protein
nitrogean of the blood.

(3)/



(3) Progressive inCrsase of serum proteass
(4) 4 i " " pepsidase
(5) Irregular chengas in the lipases.

(6) Incroage of the antiferment (antitryptic)
activity of the ssrunm.

The Influence of Non-~spscific Agsuts

on Antibody Production.

Thes sxpsrimental esvidence on this question
ie both contradictory and unsatisfactory. Thus,
Hektoen, Bisling, Flaschsder and Dolken state that in
typhoid fever, the administration of non-specific
agontse incroasa@s the antibody production. On the
other hend, Baluit, Ludke, darck and many others stats
that they could find no increage of antibodies.

Uddgresn (48)

observed that the intremuscular injection
of milk in Wassormenn negative syphilitic patisnts
frequsntly acted as a provocative and resulted in the
production of a positive Wassermann reaction.

Additional mathods of production of non-gpecific
effacts.

In addition to the methods already deecribed,
the benefite of the following therapsutic measures are
ganorally gtated to be due to non=spscific protein
effects.

(1) The production of & sterils artificial abscess

following the injsction of turpentine.
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(2) The introduction of malarial parasites into
the blood stream of patisnts suffering from
goneral paralysis: the interposition of anothsr
injection is bslieved to be bensficial. It
is statead that an attack of malaria or influenza
will raise the agglutinating titre of the serum
of a patient suffsering from typhoid fever, or
who has suffered from the dissase and in whosa
serum the sgglutinins have practisally disappear-
ad .

(3) It is possible that thse benefits resulting
from the action of countser-irritants, such as
the cautery and the blistering fluids, ars at
least partly due to non=spscific effects.
Similarly  the therapsutic value of such drugs
as the Iodides may be due to simllar causes.

-Exporimental proof of non=specific immunity.

When considering this question, it is
necessary to distinguish clesarly betwesn reactions
which ars only non-spacific and reactions which are
both non=«gpacific and connacted with immunity. Thus,
the Wasssrmann reaction is not a trus complamant
fixation test gince the antigen may coneist of the
alcoholic extract of normal organs. This non=spacific
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‘reaction is, howsvar, in no way dirsctly counscted
with the production of immunity to syphilis. .

Similarly, i1t has long been known that tha
'serum of normal rabbits may give a positive complsment
ifixation test with ths ordinary Wasssrmann antigen.

f In addition, I have found that normal rabbit's
iserum may fix ten units of complemsnt in a puneumococcal
;complament fixation test using a broth culture of the
Iorganism as an antigen. Thie again has no connection
with immunity as the rabbit is extrowmsly susceptible
‘to ths pnsaumococcus.

Similarly the so callad Weil~Fellx reaction
constitutes a useful anomaly by means of which the
diagnosis of typhus fever is graatly facilitated. |
The gerum of patients suffering from the disease con=~
:tains agglutinineg for Bacillus proteus strain X.19
which is acknowledged to bear no astiological relation-
ship to the dissass.

Forssmann's Antibody

If the kidnsy of a guinea pig is smulsified
in ssaline ang injected into & rabbit, 1t will bse found th
that ths rebbilt produces in its serum a specific hsemo-
lytic antibody for sheep's and goat's red corpuscles.
The result only occurs in rabbits which already possess-
soms dsgree of thse spocific hasmolytic antibody.
Forsemann's heterophil antibody therasfore rspresents
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. meraly an incrsassd output of thse natural antibody.

According to ilackis, the intravsnous in-
Jection of metallic salts, of sodium nucleinats, and
of albumos?, will increass ths normal hasmolytic anti-
body for sheep's cellsg in ths rabbit.

Also ho statss that normal horse serum
shows some protsctive action when injactoad alon% with
- diphtheria toxin into guinea pigs.

Harvey and Iyengar found that pigeons had

| & relative immunity to B. avisspticus after vaccination
with B. coli. The immunity, howevar, was much in-
ferior quantitatively to that producad by the specific

. vaccins.

Byvidencs agalust the valus of non-specific agents

The avidence againgt the valus of non~
specific therapy is clearly stated by Dr. R. A. O'Brien
in his opéniag paper at the Section of Pathology and
Bacteriology of the British iMedical Association,
Bradford, 1924. In the Wellcome Physiological
Leboratory over 100,000 carefully controllsd animal
sxperiments had been mads and yet Dr. O'Brien states
that he could find no evidencs of beneficial effscts
. from non-gpacific agents. mvidence from experiments
in which animals had bssn injected with lsthal doses
of diphtheria toxin, a culture of pnsumococcus, and
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dysentery (shiga) toxin followsad twsnty four hours
later by the injection of peptone, showed that no
differencs was found between the treated and control
enimals.

Glenny found that the injection of pasptons
into animals previously immunissd with diphtheria
antitoxin did not produce ény incrsase in the con-
centration of antitoxin in the enimal's blood.

Conclusions

Tt must bs admitted that it is extremely
difficult for the clinlcian to produce scisntific
proof of the beunaficisal resulte of protein sghock
therapy . In the first place, the romiesions that
occur in all diseases confuse the resulte. In the
second place, other auxiliary aids ars employad in
the traatment . Thus, whan rheumatoid arthritis is
being treated by injsction of psptons, massags and
radient hesat are smployed locally as well in ordsr to
qbtain the best results and thus the allocation of
the benefits becomes exceedingly difficult. Although
the majority of claims of success following this treat-
ment will not stand scientific investigation at all,
thers still remains sufficient clinical evidsnce to
afford the belief that a further investigation of the
Problem is of valua.
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Ths experimental sﬁidenca ie mainly against ths valus
of non-specific agents. It is not improbeble, howsver,
that if the antibody producing tissuss have besn

i previously sensgitised by a specific antigsn, non~

gpecific agents may stimulate ths production of

spacific antibodles. This is not howsver a proved

fact. It can safaly b2 sald in conclusion that the

bensficial effects of non=-specific trsatment can in

no way be comparsd to thoee of specific treatment.
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GENERAL CONCLUSION

to

PART I.

An examination of the subject matter in ths
'preceding chapters shows that during the past thirty
yoars an enormous amount of ressarch work has bsen
undertaksn in the attempt to clarify the processes
underlying immunity. While a great numbser of definite
facte are known, the mechanism of their production and
their relationship to ons another and to true immunity
is still doubtful. The slucidation of thsss phenomena
aust bs undertaken along the lines of practical medicine.

That 18 to say, our obJect must be to try and discover

.

anything which will help us in ths diasgnoseis, trestment

|or prevention of dissease. It will focus therefore ths

posltion mors clasarly if we eoxamine the state of clini-

cal medicine as it stands today compared to what it was

forty y=ars ago.

Diagnosisg :

Unquestionably the biggest advancs has besn
made in diagnoeis. Previous to the discovery of such
serological tests as agglutination and complsmant
Tixation, the dlagnosis of such diseasss as syphilis
and typhold faver depended purely on ths symptoms and

'Physical signs and the doctor's ability to ovaluate
them. Today, & bacteriological and serocloglcel

examinetion will result in the diagnosis of ths majority
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of acute infectlious disease. In addition to the

| diagnoels of disease, the serological testis havs
enabled us to differsntiste into groups and even
strains, organlems, which although apparently identi -

f cal on morphological grounds, are absolutsly ssparats |
| and distinct ae judged by the production of discaed.

| Finelly, the powsr of differentiating accurately the
differeont proteins ie of the greatest value to Forensic
Meadicine.

Prophylaxis

The posltion is not so satisfactory in

é this category . Prophylactic serum treatment hes

é only been of definite valus in diseases which are dus
: to solublse toxine ~ s.g. diphtheria and tetsanus. In
; additlion, prophylactic active immunlisation has besn
| proved to be successful in ths group of intsstinal :

| diseases of which typhoid and paratyphoid fever are

f the most common membars. The latest developments in
: this depertment, nsmsly the Schick and Dick reaotioé%

| followed by active treatment, give rise to the most |
E hopeful feelings. On the other hand, in the group

of diseasss which are bsctoerial as opposad to toxic,
®.8. streptococcal and pneumoccccal infections, littlse

or no advance has besn made in prophylactic trsatment .

Treatment ./
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Traatment :
With the esxcaption of the dissases dus to
' the soluble toxine, we must admit that the result of
| & vast amount df regearch has resulted in only limitsd
therapeutlc bensfit. What are the reasons for this

| failure of the treatment of bacterlial disease by spsc-

1fic vaccinesg and sera ? A satiefectory explanation

| would revolutionise ths whols therapeutic field of
medicins. Further invegtigations must bs carried out,
and I would suggest that along the following linses
most beneafit will sccrus :-

(1) An invegtigation into the raslationghip of

antibodies te immunity. It is rescogunissd that

entitoxine ars antibodies which ars truly protective.
' What position, howsver, do ths agglutining, precipitine

' and complsment flxing bodles, etc. bear to true immunity ¢

We can adwmit that they are speacific in ths sense thsat
| they are the reeult of the resction between the anti-

gen and the body cells and as such, are of the great-

est value in diagnosis. The important point is,
however, their relation to protection. May not thess
bodies result from the injury to the tissue cslls by
the spescific antigen, end in fhat case they would not
be protective ? An examination of the work on the

pnsumococcus in ths next part of the theeils shows that

& highly potent sntipneumoccccal serum may apparently
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contain no antlbodioes. The mattsr must be allowed

to remaln uneolved until further investigstione havs

| bean undertaken.

() The intradermal method of diagnosis (Schick end

g
Dick roaction)) should be investigated in other diseases.
e

If the esuscaptibles members of ths community can bs
found, preventive immunisation should be of the great-

ost value: I would suggest that e beginning might be

| made with punsumonisa. By means of the intradermal in-~

Jection of a toxic filtrate of a pneumococcal broth

| culture, it might bs possible to find out not canly the

euscoptibtle members of the community but also the type
of puneumoccccus causing the diseass.

(3)  4n investigation of the problem of concsatrating

| the antibodiee in antisera.

From the work on sntipneumococcal sera dons
in the Rockefeller Iustituts, 1t is obvious that ons
of the reascns why the majorlty of antibacterial sera
producs little or no benefit is that they are giveun in

far too small amounts. To obtain the optimum rssults,

jBOO ~ 300 c¢.c. must bs injected intravenously. Un-

fortunately this is followed by sevsrs symptoms of
serum sickness. If the antibodies could be concentrat-

ed in & or 10 c.c. of ssrum, a great advance would be

| made .,
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(4) Active Immunisation :
All maast agree that the results of vaccine
therapy are far froum satisfactory. The best immunity
results from an actual attsck of & diseasa. Under
these conditlions therse are two facts to consider.
First, the orgenism is in its natural stats and is
uncheanged by any physical or chemical procsss such
a8 1s ussd in the manufacturs of certain vaccines.
secondly, the body is reacting to a liviang virus.
I am gtrongly of opinion that these two facte ars of
ths greatest importancse. I believe that a thorough
inveetigation into the question of using sither an
avirulent strain of a pathogenic orgenism or an
aviralent orgenisem which is clogely allied to the
pathogenic membser will lsad to much useful informeation.
At the same time, an investigation into other types
of killed vaccines muest be undertaksn in the hope of
finding soms officisnt stiwmulator of the processes
uaderlying immunity.
An investigstion into some of these problems

will bs found in Part II. of this thesis.
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PART II.

INTRODUCTION

Fart II. of this thesis coneists of an
account of my investigations into the problsms of
infection and immunity. Several hundred animsals
were used and many thousands of tests parformsd. A
detailed account of sttompts at producing both active
and passive immunity is given. ilany antigens wore
examined and an account of the antibodies produced
and the serological methods of detecting them will be|
found in the following chapters.

In the brosdest essnss, my ondsavour was to |
gtudy the basic principles of immunity. In addition|
to this, I sat myeelf the narrowsr task of discovering
what offect physical and chemical agsncise had on the.
antigenic valuas of vaccinss. This is a matter of
practical importance to the medical profassion in
view of the claime and the wide spread use of certain;
types of vaccinee which have come on to the market
during the past few years ~ e.g., detoxicatsd and de-f
fattsd vaccines. |

In ordser to mekses as full zn invsstigation
a8 possible, vaccines ware made from the thres main

organismel groups, namsly Gram-negative, Gram~positivse

and/
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and acid=-fast. The organisms solscted were thse B.
suipestifer XII (Lister Instit.), ths pneumococcus
(Type I.] and the tubercls baclllus respactively.

The Iinvestigations on the B. sulpestifer will
be found in the chepters entitled -

"The effects of phyqiual and chemical agancies
on bacterial vaccines."

The investigations into the pnsumccoccus are |
found in the chapters entitled -
"Imumunity to the pnsumococcus,"

while the work on the tubercle bacillus is given in

the concluding chapters under the hsading -

"Tuberculin treatment in exparimental tuberculcsis."

In th2se lattsr chapters, & dsscription is

' given of the trsatment of infacted ghinsa plgs with

detoxicated, defatted and ordinary vaccines of ths

tubercle bacillus. My object was to discover which
of thesa antigens was tha bast. Since ths result of
treatment with all antigens wae unsatisfactory, littls

information regarding the raslative antigenic valus of

the test vaccines was obtainsd. On the othsr hend,

the experimont was of grest value in focoussing clearly
the reasons why tuberculin treatmsnt in experimentallf
infected animels ia 1likely to fail.

It must be admitted that no'sweeping gtate-
ments on tuberculin therapy can bs made from this in-~ |

vestigation./
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investigation. Great variations, both in the orig-
inal dose of living organiems and in the subséquent
tharapautic dosss of tubsrculin, would nesd to ba
tried. In addition, in different animals, trsatment |
would havs to be started at diffsrent periods after
the initlal injoction. To accomplish a thorough in-
vestigation, many animals and much time would bs re-
quifed. This question hae been exasminad on many
occaslons and sincs Koch's original publication, no .
ovidencs has avar bsen publishsd that guinea pigs c:smE
be cured by tuberculin treatment. I had no intention
therefore of making a complets sxamination of the
subjsct except in so far as it was nscessary for a
comparison of ths effects of various antigens employ-
ad .

I am convinced, howavar, that the conclus-
ions stated at the end of this investigation are

corract and are warranted on the experimental facts

| givean.

The Bffects of Physical and
Chemical agsuciss on Bacterial Vaccinssg./
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THE EFFECTS OF PHYSICAL AND

CHEUICAL GINCIES ON BACTERIAL VACCIHES.

Chepter I.

For some conslderabls time it has been uy

| opinion thet physical and chemical agenciesg when

applied to a vaccine would result in a great part of
its antigenic values being lost. This assumption
appears to be Justified in view of ths fact that
gonorally ths most officient and lasting immunity is
developed when & person or animal suffers and reccvers
from a dissase of bacterial origin. It would appear,
thereforse, that an organism in its natursl state is
the bset antigen. This hae become an important

practical question since the introduction of certain

| newar mathods of vaccins proparation, s.z. Detoxication

and Defatting.

Some tiﬁa ago, with a visw to 1hvsstigating
this question, the following preliuminary teosts wers
carried out :-

Three rabbits wers immunised with a typhoild
vaccine mads by emulsifying in galins a twenty-four
hours' growth on en sgar elope.

Threse rabbits ware also inoculated with a

"detoxicated" typhoid vaccine made from the sams strain

by/
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by Dr. Thomson, the originator of this method of
vaccinsg proparation.

After threse graded incculations, the gara of
thess eix animels were tasted by the agglutination
and complement fixatlon test. As svidenced by
antibody response to the diffsrent sntigens, very
marked diminution in antigenic valus was noted in the
cese of the detoxicatsd vaccine. The small numbsr
of animals used in this sxperiment was insufficient
to eliminate the fallacises which erise in such com-
parisons dus to varying response of differant individ-
ual animals to & particular lmnunising stimulus. The
' .whole guestion was, thorefore, reinvestigated on a |
much larger scals.

About this tims Professor Dreysr ?7) of
Oxford published his work on "Defattsd" Vaccines, and
in conssquencs, new experiments were planned to coum-
| pars the antigenic valu2s of the following thres typas
of vaccines :~

(1) The ordinary heat killed bacterial emulsion
in ssalins.

(28) The detoxicated vaccins.
(%) The so-called defatted vaccine.
The experiment was to include an example of

the thres main typss of organisme, namely, scid~fast,

Gram-negative and Gram=~positive. Th2 tubercls bacillus,

the/
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the bacillus euipestifer, strain XII of the Lister

Ingtitute, and the pnsumococcus, were accordingly

galascted.

X e e e e e e . St e s e e e T SO PP S N N | b"
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I propoee to

' coufins my ramarks]ggzths eff'acts of physical eand
chemical agencies on the antigsnic value of the
bacillus suipestifer. Thig organism was selected in
virtue of its natural virulence for the rabbit, which
was the mnimal emplcyed in these expsriments. Thus,
'in addition to the serological indsx of immunity, the
demonstration of increassd resistance, by msans of
infection experiments, was almad at. It was necessary,
therefiore, tc use an orgenism of flxed virulencs to

the test animal.

It ie unnscessary her3a to deal with ths
theoretical aspects of antibody production, and I shall
confins mysself to merely stating what was dons and the
results found. I must, however, digress slightly
from the practical to the theoretical on ons point as
| 1t has an important bearing on thess experimenté.

The question arises -- what significance i=s
to be attached tc the finding of antibodises, such as
agglutinins and coumplement fixing bodies, in the serum
of immuniged animals ? Should thsse substancas ba

consideresd/
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congidered critsrias of immunity ? In soms casss

| antibodiss undoubtedly congtitute the mschenism of

specific resistance, o.g. antitoxins: on ths other

| hand, 1t 1s well lnown that an animal with a high

content of specific agglutining in its blood serum
mey show no actual immunity to the homologous infect-
ion. This may bs sxplained on ths grounde that the

immunity, though increased, has not yeot reachsd a

| point at which it can successfully cops with the

particular Infection. Again immunity to infsection
may occur in the apparoeunt absencs of demonstrable
antlbody . OQur present knowledg2 of the mechaniem
of immunity is insufficient to givs dsfinite a&swers

te all these queetions. There can bz no doubt,

howaver, that the production of antibodises in the

| sarum of an animal depsnds on the rsaction or intar-

acblon betwesn the antligen injacted and the actual
11ving tissue colls. This is the 2ssential phenomanon
underlying all immunity procesass. For thils reason
antibodiss may bes considared ass being indicators of

the antigenic valuses of vaccinas.

OBJEQOTS/
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OBJECTS OF THE BXPERTJINT.

Ths objects of the experiment wers fourfold.
The first and forsmodét wae to ascertain whether the
physlcal and choemical agenciss ussad in productioan of |
detoxicatsd and defatted vaccines rsduced their aati- |

genic valus; sscondly, to detarmins whethar subcutan-~

sous or intraveunous injaction is ths mors offactiva;

| thirdly, to compars the offacts of varying dosss; and

| fourthly, to find out if there was any rsalation bstwean

the body weight, ths dosagoe, and the antibody productj

ion. !

The sactual sxposriment comnsistsd in walghing

and numbsring 33 rabbits, which were divided into
three groups (A.B.C.) Group A. consistad of 12
rabbits inject2d with the ordinary killed bacillary

smulsion, Group B. 12 rabbits inoculated withh ths

~detoxicatad vaccine, and Group C. 9 rabbits injectad

intravenously. Rabbits in sub-group A. ons receivsd

with the dsfattsd vaccina. Bach group weae divided
intoc thres sub-groups of four rabbits. Hach sub-
group contained one hsavy rabbit weighing 2,000 grams
or mors, on2 small rabblt of less than 1,400 grams,
and two intsrmadiate ones of approximately 1,800 grams
walght . Ons rabbit of intsrmediats waight in each
sub-group was injected subcutansously, the othsr thres

what /
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whet was considered to bs a small dose of ths vaccinsg.
‘This wae approximatsly a total of 850 millions of ths
jorganisms administered in four weskly injections of

5, 10, 15 and 20 millions. Those in sub-group A. two |
Irecaived modium~sizad doses totalling 500 milliong in
four weskly injections of 80, 100, 180 aad 200 millions,
'while thos® in sub=-group A. thrse roceivad doses totall-

ing 5,000 millions in four injsctions.

TABLE I./
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s

injJected Into rabbits ian group A.

Feb .

Showing amounts of "Bacillary Bmulsion Vaccinas"

haignt Feb . WMarch idarch Total
| tho 0 fver | -4 12 in
‘ gramnss ‘ millions
.Ilr |
|sub-iR% 1. 19040 | & | 50 (100 | 200 355
qroup}" II. | 1820 5 10 16 | =20 50
‘ AIVUIYITI . | 1380 5 10 16 | 20 50
- IV | B850 5] 10 16 20 &0
I ! .
! R% V. | 1880 50 100 |[1860 200 800
!Sub- "'9L. | 1300 &80 100 | 1580 200 500
aroup " yII. 1980 50 100 200 400 750
A S0 VITI.28%0 50 100 |Disd - -
1840 |00 |1000 |[1800 | 2000 5000
[Sub. 1300 [BOO |1000 |1500 [ Died >
Group( " XI- 1980 600 (1000 |Died = =
A.ITT." XTII. 2870 |800 (1000 [1500 | 2000 5000

|

|Routa

| foFf
injection

Subcutaneous

Intravenous
"

"

Intravenous
"

Subcutaneous
Intravanous

|
|
Intravenous

[Subcutanseous

The objsct of this was to show that there is

g optimum dosage below which smaller asmounts of antl-

body ars produced, and abovs which, owing to ths toxlcity

of the foreign protain injected, there will be not only

a decraassd antibody production, but, in addition,

illness and aven death of the animals.

An analogy

might be drawn from a very ssvere cas? of pnsauaonia,

in/
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in which ths overwhslming amount of toxin paralyses

the heeomoblastic tissues in the bons marrow and thus
produces a laucoposnis 1lnstsad of the usual loucocytosis.
It is necessary to emphasise this polnt, becauss the
whola foundation of the theory of detoxicated vaccine
depends on the Tollowing supposition as published by

(&0

Dr. David Thomson in his recsant book on Gonorrho2a 31~

Hs statses that when an smount of sheep's red blood

corpuscles oquivalent in welght to the does of s
bactarial vaccine is injsctad into a rabbit, no hwemo-
lytic antibody can be subssquently dsmonstratad. Tt
is only when largs amounts, such as two or thres cubic
centimstres, of rod cells are introduced that a high
titre hasmolytic serum is produced. From this he
draws the conclusion thet if large quantitiass of
bacterial protain were inoculatad into a human bzsing,

8 high degrse of immunity would rssult. In order to

obviate the toxic effects which result when large

' quentitiss of bactarial protain ars injected, hs

originated thse process now known as "detoxication".

It can be provsd exparimentally, hdﬁsvar, that wheun an
amount of bactsrial protein is introduced into an
animal beyond the optimum, the aatibody productiocn
falls instead of rising.

EXPERIMENTS WITH THE ORDINARY HHEAT-KILLED |

BACILLARY BMULSION.

The /
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The vaccine used in the injsction of thse

' 12 rabbits in Group A. was mads by growing the organism

on gix-inch Petrl dishes containiung nutrisnt agar.
The 24 hours' growth was removad by a spacial suction
apparatus from thes surfece of the plate, driad, and
welghsd. An ovan emulsion in 0+F p3r cent. carbol
galine contalning ons mg. of drisd organisms per c.c.
was- mads . This was thsn standardissd by Brown's s8)

Opacity wmeathod. The approximate numbsr of bacilli

:per ¢.c. was found to be 1000 millions. This vacclne

will in future bs rafsrred to as the bacillary emulsion.
The rsmeinder of ths bacterial wmass was used for making
the défatted vaccine. Four injsctions of the baclll-
ary smulsion were given at soven days' 1nterval and
befors each injection, blood was resmovad from the sar |
veln of the animal and testsd.

Tosts Usgad : Practically all the antibody toests

wors tried and it was decided that the agglutination

and complsment fixation teste were ths most satiefact-
ory for a comparative estimation of antibody product-~

ion. ; |

Description of Tests

I. The Agglutination Test was dons with a markr

ad capillary pipetts, oach transference from tubs to

tube resulting in a doubling of the ssrum dilution.

Dilutions/
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Dilutions of ssrum were mads from 1 in 10 to 1 in
RO !OOO -

Il The Complemont Fixatlon Test was carried out

according to Harrison's method as publishad in the
¥adical Research Council's pamphlst on ths Wasssrmann
Reaction. Thig technique i1s used in the Royal
Infirmery, Rdinburgh, and has always besn found to bs
absolutely relilable. Ths quantities used were =
Antigen, 0°2 c.c. of an smulsion of the organisms in

salins squivalant to about 500,000 per c¢.c.; this

quantity gives good fixation without being anticomple-~
usntary . Serum, 0-1 c.c. of undiluted serum, plus
0+1 c.c. of saline, making a total duantity of 0.2 c.ch
Complement, C0-2 c.¢c. of gulnea-plg serum in various

| dilutions as found by previous titration to reopressnt
!

o0

» 35 8, 7, 9, 10 and 18 unite of comploment.

Rad blood Corpuscles, 02 ¢.c. of a two per cent.

suspansion of washed sheep's colls sensitised with

fivs hasmolytic doses of B. & W. immune body; tha
total quantity in sach tube was thersfors 0:8 of a c.c.

The tubes were incubated at 37° C. for one hour to allow

of fixation; eensitissd shsop's calls wars then addad
and the tubes rsturnasd to the incubator. Readings
wera taken half en hour and one hour latsr. In

addition,serum and sntigen controls ware always in-

' cluded./
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[ includead. The regults of thsaea tasts ars shown

| graphnically.

TABLE IT.

Showing
Agglutination titres of rebbit's serum
seven days after sach injection.

' Dats Fab .28 Mar .B Mar .13 March 21
| Rabbit I. |Negative [1 in 80 |1 in 200 1l in £00
; Tt " 1in 80 (1 in 800 |1 in 1800
B 3 5 " lin 80 (1 In 400 1l in 1800
o ¥y, " l in 80 (1 in 800 1 in 1800
" V. i 1 inl80 |1 in 3200 1 in 1800
% ¥E. i 1" 3180 |1 in 3200 1 in 3200
1 VIl s 1% 180 Diad -
"YTIIT: L 1® f80 1 dn’ 400 | 1in 860 . |
=" B% o 1" 400 |1 "12,800 1 in 8400 :
y X. Y 12 400 |12 800 Died
P " 1" 400 |[pied. -
ol o s # ‘1 " 800 (1 1018,000 |1 in 8400
| |
L RSl =

| RESULTS OF AGGLUTINATION TESTS.

Turning to Chart I. - On examining the curves of

the rabbits in sub-group A.I, it is noticad that the
agglutination titres ars low, reaching on the 28th day
to approximately 1 in 1,500 in the oéas of rabblt IV.
The lowest titre was found in rabbit I. which was in-
oculated subcutansously, and which racsived a total of

355 million organisms as compared to 50 million injactab

intravenously/
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intravenously in the other thras. It 1= noticed
also that the graph shows a steady rise in the titres

up to the 28th day. Turning to sub-group A.2, which |

recelved medium~sized doses, it 1s seen that on tha
21st day -~ that is aftsr three injsctions - and befors
the fourth was given, rabbits V. and VI. had szn end
titre of more than 1 in 3000. Rabblt VIII. had died
praviously from a staphylococcal septicasmia dus to
infescted scratches recaived from fighting, eand in
congaquancd is omittsd from the exparimant: Rabbit
VII., which was injected subcuteneously with a total
of 750 million organisms as comparsd with 500 million:

which the other animals in this sub-group receaived,

| had only rsached a titre of 1 in 400. With ths

8xcoption of rabbit VI., which had remained stationary,
all the agglutination titres had fallsn by the 28th
day to one half, ghowing that thres injsctions wers
sufficient, and the fourth h&d mersly lowsred the

enimals' immunity. In sub~-group A. 3, it is observ-

od that on the 21st day rabbit IX.showed an agglutin-
ation titre of 1 in 12,000, but on the 28th day it had
fallen to half. Rabbit XII*, which was injected

subcutsnsously, had reachad a titre of 1 in 16,000 on

. the RBlst day, which algo had fallsn to less than half

by/
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by the 28th day. Rabbit X. died aftsr the third
injaction, and rabbit XI. aftsr ths gecond. Ons of
these was replaced by enother rabbit, and it also
died after two injections. Thegs animalsg wers
obviously suffering from toxasmia, and survived only
two or threa days.

The conclusions to bs drswn from this graph
ars, I think, as follows :~-

(I) Rabblts in Group A.l, which rscaived the
smallest doss worse glven less than the optimum amount.
(IT) The rabbits in group A.2 had rsceived ths
optimum doso, whersas In group A. 3 thres out of four
rabbits injacted intravenously diad, showing that they
hed racsived more thean the optimuam doss. The fourth.

rabbit which withstood the injections, however, pro-
ducad the best rosult of all, with the sxzception of
rabbit XTII. which receivad large dosss subcutansously.
(III) It is clear that, with the axception of
group A. 1, in which insufficisnt quantitiss had basn|
given and in which thas titrs was still rising on the
28th day, all the other rabbite would havs had a highr
ar degras of immunity with three injsctions instead
of four, and this is shown by the marked drop in the
agglutination titre of the 28th day.
(IV) It is evident that subcutansous injections

of/
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of small or modsrate amounts do not producs as high a
'titrs as do the injections of similar quantities
!intravenoualy. It would appsar, howsver, that ths
bsst resultes are obtainsd when large quantities are
Iinoaulatad subcutensously, as it will subsequently be
gseon that rabblt XII was the only animal to survivs a
doss of the living organisms. It is necessary, howsvar,
to confirm this cbaservation, as it ie of importance to
know definitely whethsr large asubcutanecus doses pro-
duce the best true immunity.

Thase pointe ars clsarly brought out in Chart
2, in which thes agglutination titres of the animels in
9ach sub-group ars addsd together and divided by the
numbsr of animals. Th2 rabbits injoected subcutansous-

fly are shown ssparately.

i RESULTS OF OCOMPLEMENT FIXATION TREST.

i Ths results of the complemoent fixation test
iare shown in Chart 3 . The graphs are made by adding
!the units of complemsnt fixed in sach sub-group and
dividing ths result by the number of animals. Th»
rosults of the complsment fixation test in rabbits
injsctad suboutansously are agaln shown ssparately.

It is obsorved that in sub-group A. 1 four units of

complament wsre fixed on the 21st day} and this had

fallen to thres by the 28th day. Sub-group A.2 fixad
eignt/
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eight units on thse 21lst day. The same fixation was

found on ths 28th day. Sub-group A.3 fixed only five

| unite, and this had fallen to three on the 28th day.

Rabbits X and XI wers charted until their death.

| Rabbit XII, which had been inoculated subsutansously

| with large doses, and which had producsd the highest

agglutination titrs, showsed a complemsnt fixation of
8ix units on the R1st day and over ten on thse 28th

day . This confirms to a striking degree ths efficacy
of the injectlon of large subcutansous dosae.

EXPERIMBENTS WITH DETOXICATED VACCIN®. .

The second part of ths experiment in which

12 rabbits warse injactsd with the detoxicated vaccins
will now be considsrsd. A culture of thse orgenism
wag sent to the Pickett-Thomson Research Laboratory,
and a detoxicated vaccins was preopared by Dr. David
Thomson , I should 1liks to thank Dr. Thomson for his
kindness in providing me with ths largs gquantities of
detoxicated vaccines used in these investigations, anq
for the continued interest which ha has showan throughout

ths courss of ths invasstigation. After ths original

| 8xperiment with the B. typhosus vaccines refarred to

- at ths baginning of ths paper, I informed Dr. Thomson

of ths effacts of his process on the entigsnic valus

:of/
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of his vaccinag, and suggestad that the chemicals em-
ployed ware ths causs of ths deterioration. Hs himsslf
had avidently coms to this conclusion, because he had

(1] " " "
introduced a smashing and breaking machine which enablas

him to use .much woaker chemicals. At one time detoxi-~
cetad vaccines consistsd of Alkali, Alcohol and Chloro=
[form solubls fractlone of ths bacterial protsin.
Chloroform soluble fraction was first discarded, and

later, as a roesult of investigations into ths effacts
|

of alcohol on red blood corpusclss used in the product-
iion of hesemagglutining, ha dscidsad to dilspsnss with ths
'alcohol golubls fraction as well.

' In order to demonstrate the affect of alcohol
'qn bacterial antigsns I obtained from Dr. Thomson two
vaccines, ons which contained the alksli solubls fract-
ion only, and the other which was a mixture of the
alcohol and the alkali soluble fraction. . Since de-
toxicated vaccines are given in doses of from =a
hundred to a thousand times thet of ofdinary vaccines,
the animals in group B. received a siﬁilar multipls
compared to those in group A. In sub-group B. 1,
rabbits XITI and XIV recaived a total of 35,500 million
orgenlams of the alkali plus alcohol solubls detoxicatad
veccine; rabbits XV and XVI received the same quantity

of the alkali soluble portion. This was given in four

woekly/
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weekly injections of 500, 5,000, 10,000 and 20,000
millione raspsctivaly. Group B.2 coneisting of
rabbitse XVII ~ XX rocolved 755,000 million orgsaniesms;
rabbits XVII and XVIII received the alkali plus alcohol
soluble fraction, whils XIX and XX received the alkxali
soluble fraction salone. Sub-groups B.l and B. 2 waré
all injected intravenously, whsreas ths four rabbits
in sub-group B.Z% wer2 inoculated subcutansously, all
four recsiving a total of 215,500 millions in four
injections at woekly intervale, as follcows : - ;
500 millions, 5,000 millions end 10,000 millions, and |
as no antibodiss could be detscted in ths serum of ths
animals a fourth injsction of 200,000 millions was I
given to each. Rabbites XXI and XXII recsived ths
alkali soluble vaccine, and rabbits XXIIT and XXIV.

tha alcohol plus alkali solubls vaccine.

TABLE III./
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TABLE IIT.

showing amounte of Detoxlcated Vaccine injectad

inoculsated with a dstozicated veccine con-

sigting of an alkall soluble fraction slons.

Rabbitg XITI. XIV. XVITI. XVIIT. XXITT. XXIV.

warae inoculated with a destoxicated vaccine

into rabbits in group B.
" Weight in|Feb.| Fab. | March| Warch Total inRouts of
, grammes | 20 187 | 5 12 milliong|adminstration
. R% XIIXI| 1870 500 | 5000 | 10,000 20,000 35,500 Intravenous
gab- \" X1V 1200 &00| 8000 | 10,000| 20,000 356,600 "
groug " XV 1290 500 | 8000 | 10,000| 20,000 35,600 N
B.1 LD '3 ‘ 1790 5C0| 5000 | 10,000 20,000 35,500 "
i w — { — - — ———— - _—
! RY XVIT| 1340 5000 (50 ,000/100 ,000800C ,000/385 , 000 ¥
Sup* " XVIIT 3440 8000 |50,000/100,000L00,0C0[365 ,000 "
Group *UXEX 1540 5000 |80 ,C00(100,000200 ,000/3556 ,000 =
BiIIQ" XX 1300 5000 |80 ,000[1C0,00CR00,000(3865 ,CCO "
| (RE 7z | 1870 500 | 5000 | 10,000200,000215,500 |Subcutansous
subs |\ XTI [ 138 800 | 6000 | 10,000200,000215,500 s
Greupf" X4I11 3200 600 | 6000 | 10,000200,000215,500 "
BIII}” XXIV | 1250 500 | B0OCO | 10,000100,000215,500 "
03 \ . -' |
— i -— — ——
Nots : Rabbitsg XV. XVI. XIX. XX. XXI. XX1I wore

congigting of an alkali and an alcohol solubls

fraction.
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RESULTS OF AGGLUTINATION TESTS.

In Chart 4 1t is s2en that the bass 1line
i1g the same as in the previous graph, each division
reprosenting a saven days' interval. Whareae in
Chart 1 9ach division in the vertical line represents
en agglutination titrs of 1 in 1,000, in Chart 4 it
raprasents a titrs of 1 in 50 only. It is observad
| that of ths twelve animalse injacted only four producsd
| appreciable asgglutinins, namely, rabbits XV and XVI
in sub=~group B.l, which shewed titres of 1 in 340 and
1 1in 150 respectivaly on the 21st day, and rabbits |
XIX and XX in sub-group B.2, which gave titres of |
| 1 in 80 and 1 in 40 respectively. These four rabblts
| were injscted intrevesunously with the vaccine made froﬁ

the alkali eoluble portion alons.

RESULTS OF QOMPLEMGENT FIXATION TESTS.

With rsgard to the complement fixation test
it is only nacassary to sasy thaet the number of unite
fixed was always so small as to be practically negative,
the average being somewhers under ous unit. The
detoxicatsd vaccine i1tgslf whan ussd as sn antigen in |
fthe complament fixation test with the serum of rabblts
| in groups A, B, snd O, was found to have practically
?no fixing powar.

The/
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The COonclusions to ba drawn from thasee resulte

are, I think, quite clsar :

(1) That in spite of ths fact that thess animalg
|

racolved the products of more then a thousand timss thse

number of the orgsnisme in the vaccine ueed in group A,

the agglutination and titre was extrsmely low.

| (2) Ths effect of the alcohol is distinctly
injurious to the antigen as tha rabbite injsctsd with
the slcohol plue alkali solubls vaccine producsad no
agglutinine at all.

. (3) Thres injections wers sufficisunt and by

giving the fourth the end titres wers reduced to half.f

| (4) The subcutansous injections of ths detoxi-
catsd vaccines yielded completely negative rssults.

!

! (8) Though large quentitles of vaccine in almost

iaemi-solid condition wers injscted, no i1l effects

‘whataosvar wars produced on the animals, that is to say,

it certainly was detoxicatad.

EXPIRIMENTS WITH DEFATTED VACCINES.

Ths third part of the experiment consists of
the injection of nine rabbits with the eo-called
"defatted" veccine. The mass of dried orgenisms,

already referrsd to in part I, was treated for four



hours at 100 dszrees contigrade with formalin and
subsaequently extracted for 24 hours with Acatone in a
Soxlat appar&tﬁs, ag described by Drayer. The de-
fatted material was drisd and wsighed, end an saven
smulgion in 0.5 per cent carbol saline containing

1l mg. per ¢c.c. wag made. when axamined under the
microscops, aftsr steining with carbol fuchsin, the
organiems woers quite digtinctly s=esn, and with the
axcoption that they sesmsd slightly smaller than the
untreated organisms, no appreo;able difference was
vigiblas. It is thus possible to compare ths offocts

of eimilar dosee of defatted and untreated organicas

| on animels.

The nins rabbits in group C. ware divided
into thres sub-groups as befors. Animsls in sub-

groups C.1l, C.2, C.3 received in four wsekly injections

| totals of 008 mg., 0«6 mg. and 5:0 mgse. respoctivaly.

TABLE TIV./
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TABLE IV.

showing amounte of defatted vaccins injected

into rabbits in group C.

e = ¢ = —

Weight Total Routs of
in Fob. Fob.|March March in :
grammos| R0 27 4 12 mgs . adminstration
RY XXV 2210 [0°C05|0:01/0+016 | 002 | 0.05 Intravenous
. XEVI 1890 [0+005(0+01{0+016 | 0-02 | 0+05 [
group)" XXVII 1250 [0.005|0.C1{0+C15 | 002 | 0:05 "

Sub %Rt XXVIII 1870 0+05 |01 |0.15 | 0.2 0 & o
groupy "  XXIX 3400 (0+05 [0+1 [0-15 | 02 0+5 "
=TI [" XXX 1340 |0.05 |0+1 [0+15 | 0+8 045
sub- 539 XXXTV 1420 (05 |10 |25 2.0 5.0
A" XXXV 2140 0.5 |1-0 |1.6 |pied -
IIT (" ¥xXXvI 1850 [0 5B 10 |1.5 | 2+0 5.0

One of the rabbits in this last group diad
from the toxic sffects of the injection.

RESULTS OF AGGLUTINATION TESTS.

Chart 5 shows the graphs of the agglutination
titres of the enimals in group C. Bach division on
the bags 1ins reprosents an intervel of seven days,

while, in the vertical 1line, it reprasants a titre of

1/
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1 in 10. On the 21sgt day rabbite XXV and XXVII had

agglutination titres of 1 in 40 and 1 in 20 respect-

ively, the remaindser producing no appreciasble agglut-
inins.

Ths conclusion to be drawn from this graph

is; I think, that the physical end chemical procasses
employed in defatting the vaccine have practically
destroyed ite antigenic valus.

RESULTS OF COMPLEMENT FIXATION TEST.

Thes gera of the rabbite in group C. gave s
negative result, except for slight fixation in rabbit
XXXIV end very good fixzation in rabbit XXX. Tha
serum of this enimal fixed 3L units after the second |
injection, 6% unite after ths third injection and 7%
units a week aftser the fpurth injsction. The serum |
wae repaatedly tssted end was always found to give a
markedly positive result. Why the serum of this
animal contained such a large amount of complesment
fizxing antibody I am umable to explain.

Chart 6 shows the combined agglutination
curves of ths animalsg in groups A, B and C. The
agglutination titres in each group are addsed together
and'divided by the total numbsr of rabbits. By the

<lst day the rabbits in group A. had an average

agglutination titre of 1 in 4,800, dropping on the

28th/
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28th day to Just under 1 in 3,000, while the maximum
titre of the rabbite in group B. averaged 1 in £0 and|
in group C. 1 in B. Thie, I think, is & very strik-
ing plcture.

Chart 7 shows the combined complement fixation
curveé of groups A, B and C. The graphs are mads by
adding the numbsr of units fixed and dividing by thse
number of animals tosted. On ths 2lat day thse
average fixation of complement by animals in group A.
wae & units, while group B. fixed under 1, and group
C. wag practically negative. Ths interesting point
about thie graph 1s the remarkabls way in which charts
6 and 7 agrea. While it is not suggssted that in
eny individusl rabbit the graphs of agglutination and
complement fixation will run exactly side by side; yeL,
if the average of a large number of animals is taken,
the resulting curves will be very similar. An
agglutination titre of 1 in 5,000 in group A. ie
aquivalent to fixation of & units of complsment. In
groups B. and C. the very low agglutination titres are
comparabls to the practically negative results of
fixetion of complement .

PROTECTION RXPERIMENTS.

Ths expsariment sbout to be deescribed was
undertaken to ascertain whethsr any activs immunity

to/



to a lethal dose had been produced. It was necessary

firet to establish the minimum lethal doss. Alto-

gether 20 rabbits were used for this purpose.

TABLE V.

The pathogenicity of B. sulpestifer for

normal rebbits.

| |
| Dosz of living survival
B. suipestifar period
|8 in days.
Rabbit I 50,000 2L
" II 50,000 3
" ITI 10,000 4
" 1V 10,000 4
4 v 10,000 4
" VI 10,000 5
1 vIT 10,000 B
R NTEY 5,000 4
" IX 5,000 4
“ X 5,000 B .
> XT 5,000 5 !
: " XIT 5,000 8
; G a ¢ 11 1,000 4
= " XIV 1,000 4
" XV 1,000 5
| 2 XVI 1,000 5
®  XVIT 1,000 6
i " NI 1,000 8
g XIX 500 4
* ‘XX 500 6
!EEG : So virulent for rabbits is the

Doses/

B. sulvegtifer that no minimum
Lethal pDose could be found.
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Dosss of organisms from 50,000 to 1,000 - the lgtter
representing 0000001 of 2 mg. of dried organisms -
ware injected intravenously. 1,000 orgeniemg in~
variably prcducsd death from septicesmis within a
weok.

In dealing with experimentg in which rabbita
are inoculated with an organiem of such hlgh virulence
ag the Bacillus sulpsstifer, the remarks made by Dr. |
Theobald Smith in a lecture on animal pathology in
BEdinburgh last yoar, way be racalled. Hs said that
‘gom3 animals ware so susceptible to microbic dies2ases
that wa could hops for no bensfit from vaccine troat -
ment . Agaln other animals were so resistant that
there was no nsad for vaccine treatment, whils thers
remgined an intermediary class from which good rosults
might be expectéd. The action of B. suipestifer on | ~ s
rebbits comes undsr the first category. Pratt~Johnson($),
when working with this organism in the Lister Institute,
was dquite unabls to produce any actual immunity.

Bven so minute s number as 200 living bacilli, when
introduced intravenously into previously immunised
animals, proved fatal. As 8 repult of this sxtreme-~
ly high virulencs, it has besn nacessary to rely
mainly on the ssrological phenomene of agglutination,
complement fixation, stc., and not on the resistancs

of/
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of immunised animals to lethal doses.

Six immunised rabbits from each of the groups
A, B and G; ware injéctéalwith"iiving organi sms;
two in s9ach group rocsived 1,000 - two 5,000 snd the
other two 10,000. Of these 18 rabbits all, sxcept
one, disd within a week and the organism was recover-

od from ths hsart blood in purse culturs.

TABLE VI./
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TABLE VI.

Experiment to test the immunity produced

by immunisation with ths "Bacillary

Buulsion", the detoxicatsd and

the defatted Vaccinses of

B. sulpestifer.

Dose - 'éQQISa:'
of living of
i B. suipestifer | Survival in days.
RE T 1,000 8 il
TT 1,000 8
Rebbits in grour A. "ITI 5,000 5
immunised with the A 10,000 5
Bacillary Bmulsion| "VII 5,000 5
"It | 10,000 survived
E@xxv 1,000 5
- XV 10,000 5
‘Rebbits in group Bl. " XIX 5:000 5
1mmuni ged with ® 10,000 5
‘Detoxicated LS o @ i 1,000 5
:Vacoines.‘ LS o s 5,000 5
t
| E- XXVI 1,000 5
AXVIT 10,000 3]
‘Ragbbits in group C." XXVIII 5:000 5
immuni sed with " XXX 10,000 4
:Defattad Vaccine. " XXXIV 1,000 5
: " XXXVI 5,000 5
| Normal Rabbits gY a. 1,000 5
| B. 5,000 5]
(Controle) FE=sae 10,000 4
|

Note ¢ Rabbit XII was the oanly survivor.

Thig/
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This enimal was in group A.3 and was injacted|
subcutaneously with large doses of the bacillary
smulegion. It had produced thes highest agglutination
titre, namely 1 in 16,000, and algo the highest
complemsnt fixstion, namely 10 unite (v. Charts).

It was a striking fact that this was the only enimal
that survived the test lethal dose. doreover, it
rogisted an injection of 10,000 living organisme,

which was 10 to 20 timss the minimum lethal dose.

THE CONCLUSION to bs drawn from this protsctica

exporiment is that the virulence of the test culturs
was of such high grade that th® incrsased resistance

produced by vaccine immunisation was still insuffic- |
|

lent to protect these animals from lethal doses.

The result obtained in the case of rabbit XII is of
somd intsrset, but no conclusions cen b3 drawn uatil
ths experiments at pressnt being undertaken to repeat

and confirm the facts described are completed.

OONCLUSIONS./




(1)

(2)

As

It

CONCLUSIONS.

ghown by in vitro immunity reactions, the
antigenic values of detoxicated and de-
fatted vaccines ars in no way comparabls
to those of the ordinary heat-killad
bacillary emulsions in salina.

would, thersfors, appsar that ths physicsal
and chemical procseses involved in ths
proparation of the dstoxicated and de-
fatted vaccines ars responsiblas for the
marked loss of antigenic valuse.

Chapter II./
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CHAPTER TITIT.

Since no msthod of immunieing rabblits with a
B. sulpestifsr vaccins has aver besn successful in
saving them from a test lethal dose of living organ-
jems, I decided to reinvaostigats ths problea, using
as the immunising agent a living culturs of a olqsaly
alllsd orgenism. 5.

Pratt~Johngon gg) found that although evén
g0 small & doso as 200 living sulpestifer bacilli
invariably produced a fatal result in rabbits immun-
igod with a B. sulpostifsr vaccine, such was not
nacossarily the cas2? in 2nimals immunisaed with a

liviang vaccine of B. para=typhosus B (Type "iutton"

Ligter Instituta). |
Two of hie experimsuts ahown.in Tables I. an%
I1. deserve speclal considesration.
The following daductions may be drawn from
Tabls I.

(1) Rabbits 81 - 88, which wers injscted with ths

killad hog cholsra vaccinz, poss9ssad comparatively
low titre agglutinating sera when tsstsd against the
homologous antigen. No cross agzlutinatioa with ths
"Mutton" antigen was found.

(2) Rabbits 87 - 92, which were injectad with the

killed "uutton" vaccina, possassad comparativaly low

titre/
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titre agglutlinating seora when tastad againet the
homologous antigen. No cross agglutination with
the hog cholsra antigsen was found.

(3) Rabbits 93 - 98, which were injected with

the living "Mutton" veccins, possssssd high titrs
agglutinating ssra agsinst the homologous antigsn.
In addition, a moderats degrea of cross agglutination

with hog cholera antigsn wae prsssnt.

TABLE I./



(Prat

t-Johnson)

Vaccing eroup.

Rabbit serial

Hog Cholsra

XII

"Mutton"
agglutinatior

numbar. agglutination titre.
titre.

g1 1 ia 800 0 e
a2 ] 0 E< = R 6 ) 0
. 83 1 in 400 0]
Killed "Hog Cholera XII" B4 1in 200 0
=15) 1 in 400 0
Vaccinag 88 1in 1800 0
87 0 1800
83 0 1800
Killsd "Mutton" Vaccihs 89 0 800
90 0 1800
91 0 1800
i o8 0 g0
9% 50 8400
' 04 50 3200
Living "Mutton" Vaccine 95 200 8400
f 98 50 6400
a7 200 8400
| 98 4519, 8400

Immuni sation :

Threo inisctions at intsarvals

of eaven days were given to each

animal.

Dogss of killed veoccines were - 2,000 millions,

Dogas/

2,000 millions and 6,000 millions.
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Dosss of liva "Mutton" vaccinas were 30 millions;

30 millions and 300 millionsg.

TABLE 1II.

(Pratt-Johngon)

Tost dose of |Killad H.C.XII| Killad "udutton" [Living "iutton" Controls
Living Hog : vaccine | ,
Cholera XII Rabbit Day | Rabbizt day  Rabbit Day Rabbit Day
- of of .| of| of
April 27. death death ' death| | death
| |
: . ! :
1 200 81 May 4 87 May 2. 93 |survived (101 iay 2
org&nisms 82 $ig BB e 94 | May 4.
1000 83 day 3 89 Survived 95 survived [1082 ilay 2
organi sms 84 iy - 90 ilay 2. 96 |May 3. .
|
|.
1,000,000 g5 May 2 91 | May 2 97 survived (103 May 1
organi sms gg | " g PE LR 98 |May 4 |
| | | %
i I . I
|

The deductions to be drawn from Table II. ars
that: -
(1) cince threo rabbits survived ths inject-
lon of living B. sulpsstifsr a definits degrss of
immunity had besn producad by immunisation with

living "uMutton" vaccina.

(2)/
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(2) The survival psriod of the animals that
disd was from 4 to 7 days. No rolation appears to
exigt betwean the survival period and the tast does.

(3) gince rabbit 97 which received a test dosse

| of 1,000,000 living bacilli survived whils prsbbit 24

| which recsived only 200 living organisms succumbed, 1t

must be assumed that the individual rosponse to active
immunisation ie e matter of paramount importancs.

Ths confirmation of Pratt-Johnson's experi-
ments is a mattar of great importance. If it can b3
provad that immunity to excessively virulsnt infections
can be produced by vaccination with living culturss of]

closaly rolated organisms of low virulence, a new fialg

in vaccine treatwment will be opened to the medical
profegsion.

The following investigatlion was therefore
undertaken ¢ -~

Six rabblits were injected first with dead

oultures and then with living cultures of

B. para-typhosus B (type "uMutton" Listsr
Institute.

TABLE III./



Days @ 1 7 14 R1 | 28 Total in
Millions
Dead | Dead | Living Living | Living Dead | Living

HebbIt 31| 60 | 500 80 pisd - : s
| = 32 50 500 50 Disd = - S
" 33 &0 800 &0 &0 # 5850 100

4 27 200 500 15 50 ! 100 700 185

A 51¢) 200 500 15 &0 160 700 215

" 53 200 500 20 100 200 700 320

13LE.

TABLE III.

Rabbits 31 and 32 disd from the effectis of the

injection of living bacilli.

B. parsas-~typhosus

("Hutton") is tharefors ‘only of relative low virulenca.

'Ths four remaining rabbits were injectad with living

B. suipestifar XII as follows -

TABLE IV./
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TABLE IV.
i Doss of living Period Normal Rabbits Pariod
' B. sulpastifer XII of of
in millions survival Controlas survival
‘Rabbit 33 5,000 11 days R.1 ~ 1,000 & days
27 10,000 9 days R.2 = §,000 5 days
&0 1,000 9 days R.3 -10,000 4 days
| 53 5,000 survived ' :

|
Result of protection sxpsriment :

Rabbit B3 survivad whils rabbits 33, 27 and 50

lived twice as long as the control animals. . A defin-

ite degree of immunity was therefore produced to a

highly virulsnt organism by active immunisation with a

foloaaly related organism of low virulencs, thus con-

firming Pratt-Johnson results.

Agglutination Tests.

The gera of rabbits 27, 80 and 53 wers examin-
:ad for their agglutinin content, using B. para-typhosus
B ("iutton"Pype ) as the antigen.

the serum of sach animel was 1 in 6,400.

The snd titre of

Thie agrses

@xactly with Pratt-Johnson's observations. When crossg

agglutination/
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agglutination tests were made using B. sulpsstifsr XII
as antigen, the end titre was 1 in 840: thus tho cross
agglutinins wers ons tenth the amount of the specific.

Since Pratt~Johnson suggsests from his invaesti -
gation (Tabls I.) that the bensfits following immuni -
sation with 1living para-typhoid bacilli lay in the
production of cross agglutinins for Hog Cholera XII,
I decided to oxamine the question from anothsr point
of viow. Accordingly, rabbit XII, which was the only
animal to survive the test doss of living culturs of
B. suipestifer XII (Table VI =- Chaptser I.) was usod as
tha test animal.

Rabbit XII was sllve and well gix months after

the test lethal injsctlon. Thea agglutination titre

' of its serum had fallen in thoss months From 1 to 8,400

te X In 380. Threes doses of 280, 500 and 1,000

'willion of killed B. guipestifer XII at weekly intervals

were accordingly given intravsnously.
The agglutination titre rose to 1 in 25,000 |
using the homologous organism as antigen. This was

the highest end titre against B. suipestifer producad

'in thsss expesriments. When tasted for cross agglutin-

ation against B. para=-typhosus ("Mutton") the end titre

‘was 1 in 2,480 (Tabls V). Here agein, the cross agglut-

inins woers ons tenth the smount of the specific agglutr-

inins./
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agglutinine. Such a high degrse of cross agglutination

| 18 rarely seon. Owing to the toxic effect of the

;immunising vaccine, rabbit XII began to waste rapidly

and, befors the test lesthal dose of living B. sulpestifer

wag injectad, was seriously ill. It was thersfore

'not surprising that this animal failsd to withstand a

' dose of 10,000 1living B. suipestifer and died in fivse

days.

BACTERIOLYTIC EXPERIMANT
with
B. PARA-TYPHOSUS B ("MUTTON" STRAIN)
and
HOG CHOLERA XII.

Ths bactericidal action of thse serum of rabbit

.53 was testad by a method similar to that ussd by

Neissear and Wechsberg. Three small tast tubes wers
taken, and into the first was put 1 c.c. of a 1 in 10
dilution of immunised rabbit's serum inactivated at

66 C. for half anhour -- into the second 1 c.c. of a

1 in 100 dilution of theo inactivatsd immunised rabbit's
sorum, snd into the third 1 c.c. of a 1 in 500 dilution
of the insctivated immunised rabbit's seruam. To sach

of thesa tubes wers added 1 c.c. of 1 in 10 rabbit's

| complement and <05 c.c. of a 1 in 10,000 dilution of a

24 hours' agar slope emulsion of B. para-typhosus B
("Mutton" strain).

The/
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The tubes wers woll sghaken and incubated at
37 C. for thres hourse. At ths @nd of that tims the
tubes wers again shakon, +1 c.c. was added from each
Ituba to a Hacconkag's plets, and the platss wors in-
' cubated ovarnight.

In Plate I (i.e. the plate made from the tube
containing 1 ¢.c. of 1/10 immun9 serum)

thers waes 1 oolong.

In Plate II (i.s. the plate made from the tube
containing 1 ¢.c. of 1/100 immuns serum)

there was 1 colony.

In Plats III (i.e. the plate wads from ths tube
o containing 1 c.c. of 1/500 immune serum)

there wars 5 colonies.

As a control, a similar exparimeﬁt was donse
iat the same time in which normal rabbit'e seorum was
ésubatitutad for immunised rabbit's serum. This gave
the following resultes :=

Plate I ... 784 colonlses

: . I a0 4D "
| ¥ TID | eee. BE8 s
‘The results may be expressad shortly as follows :-

1/10 Sk 1 colony eess NIO - 784 coloniss
TAIO0 e <X seew  RI00 = 740 "

1/800 .. & ocolonies .... NBOO . 688 "

The experimsnt was repsated, but only two
dilutions of immune ssrum ware usod. The first tubse
Sontained 1 c.c. of 1/10 dilution of inactivated immuna

serum; /



136 ,

gerum; ths second, 1 c.c. of 1/1000 dilution of in-
activated immuns gsruam. To each tube wers added 1 c.c.
of 1 in 10 rabbit's complemsnt and <02 c.c. of 1/80,000
dilution of a 24 hours' agar slope growth of "ilutton"
para-typhoid.

The tubses were well shaken and incubated at

' 37°C. for three hours. As befors, a control was

put up in which normal rabbit's sorum was substitutad;
for immuns serum.

At the end of three hours a shake culturs was
made in a dacConkey's plate of the contents of sach
tube, and the platses wers incubated ovaranight.

Thes results were -~

|17 TS 1 colony AR N10 .. 648 colonies

| 1/1000 . 103 colonies  .... 1000 v, Jigys i

The bacteriolytic action of the serum of

| Rabblt 53 on Hog Cholsra XII was tested in a simllar

:way.

The number of colonies on sach plate wers :-
1/10 .+ 280 coloniss e RIO <. RB0 colonlepg
1/100 .. 204 ul cove NIOO ..l c 197 %
/500 <5 95 “ s NBOD «s  1B1 ’

Thege sxpsariwments show thet the serum of the
surviving Rabbit E3 shows no bacteriolysis to Hog Cholepra
XII, but complete bacteriolysis against "lutton" para-

typhoid. TABLE V./
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Vaccins group | Rabbit [Hog Cholara XII| Para- typhoid Relative pro-
serial | agglutination | B. ("Mutton") portlon of
numbsr titre agglutination| "group"

- titre agglutinins
' : to "uMain"
asgeclutinine
Killed B. suipestifeq R.XII| 1 in 25,000 1 in 2,480 1110
XII vaccine.
L
Killed followed by R. 87 1 in 840 1 in 6,400
living Para-typhoid R. B0 1 in 640 1l in 8,400 1:10
{”Mutton") vaccine R. 63 1 in 840 1l in 6,400
CONCLUSIONS - !
(1) A higher degres of immunity, as Jjudged

by protection to the test lathal dose of B. sulpestifer
XII, is obtained by immunisation with a living culture
of a closgely related organism of relatively low viru=~
lence than by immunigation with a dsad vaccins of the
homologous organism. 4

(2) The evidencs that the production of
crose agglutinins is of importancs, is not convincing,

since animals immunised with killsd vaccines of B.

suipestifer/
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sulpesgtifer XIT1 show2d s high degres of croes
agglutination.with para-typhoid B ("uutton") and yat
wers nsver ablse to withsténd a tast dose of living
organisms.

It must bs assumsd that the officisency of
pare-typhoid B. vaccins in producing immuaity to
B. sulpestifer XII lay in the introduction of living

as oppoeed to dead orgeanisms. Tha introduction of

living organisms apparently stimuletes in some unknown

mannsr the production of protectiva substances.

CHAPTER III./
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CHAPTER III.

A detailed sxamination of tho antibody
gontant of the serum of animals imuunissd
with B. sulpeetlisr XTI and B. para-typhos-
us B ("dutton" Lister Institute.)

|
|
|
aa examination of the sera of the 33 tost |
Ianimals was made for & qualitative and quantitativs
;estimation of the following antibodies : -
(1)  Agglutinins.

(2) Complement fixing bodies.

(3) Procipitins.

i (4) Bactericlysins.

(6) Opsonins.

: Blood was drawn off sach rabbit after ssch of |
|

'the four injactions end again gsven daye after ths

|

|

‘laﬂt injection. Thirty three rabbits were immunised|]

with different E. suipestifsr vaccines and six with

' para-typhoid B. vaccines. It will therefors b=

| svident that many hundrasds of teets had to be carriad

out . Ag explained in Chapter I. ~ Part II. - the

iproduction of agglutinins and complement fixing bodios was

chosen as the criterion of the antigen valus of =a

vaccins.

‘ (1) The agglutination test.

Serum :/
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[Serum : i

Blood was drawn from the sar vein of the

‘chest . It was then plipettsed 1lnto sterilsa Wasseruann
i

rabbite and allowsad to clot ovar night-in the icse ‘
|
‘tiabes. i

iAntigen .

; An 18 hour agar slops culturs of ths test
:organiam was enplsifised in saline end dilutsd so as !
to contain sbout 500 million organisa psr c.c. as
judged by opacity. Thle density was found tc give
igood agglutinatioa ¢ tho bacillary omulsion wae hoated

|for half an hour at 55° 0.

A drawn capillary pipetts was marked with a |
igrease pencil about half an inch up the stem. The '

voluws containad was about & c.c. and will be refsrrad

t6 as unit voluuma. Suction was obteinsd by aettaching
a rubbar teat.
Th2 tubss used were the ordinery agglutinatioﬂ

|
‘tubes which were dry and spotlssely clean. Wharse, !
I |
from previous sxamination, it was known that a serum |

Produced agglutination in a diluticn of 1 in 100 or
jover, ths first tube in the tsst contained serum dilut-

ed. to 1 dn 50 Where tho szxaminastion cof ths previouei

wosk showed agglutination in under 1 in 100, the origiu%

al sserum diluticn was 1 in 10.
|

iethod employsed 3/
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Mathod employed :

A row of agglutination tubes ware
placed in a rack. Into 8ll except Tubs I, unit |
volums of normsl saline wae placsd. If 1t hed besn |
decided to start with a serum dilution of 1 in 50, |
Cs+1 serum was added to 4:9 c.c. of paline in a test

tube and a good mixturs mads by rotating the tubse

| bstween ths palms of the hands. Unit volume was

removed to Tubss I. and II. regpsctively. Tube IT.
now contained two unit vofumes of & 1 in 100 dilution |
of serum. An asven nixture of saline and sorum was
meds by drawing the fluld up and down the pipstte.
Unit volume of the fluid was traneferrsd to Tubs III.
where ths procsese was repoated : as many dilutions
a8 were conglidarad nscesgary were mads. pgait volums
from the lagt tube waes squlrted away.

The following dilutions of serum wers

usually made :~

Y in BOQ 1 in 800 l in 12,400 |
1 in 100 1 in 1800 1l in 24,800 i
1 in 200 1 in 3800 '
1 in 400 1 in 8400

Unit volum® of the antigsn was added
to each tube: the gerum dilutions wers thersfore I
doubled. Unit volumes of antigen and saline werse

placed/
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placad in a separats tubs to act as the sntigen con-
trol, in case of spontsnsous agzlutination of the

antigoan resulted from non-specific causes. i

A thorough admizturs of serum dilutions and |
antigen having bs9n made, the tubes wers placed in

the incubator for ons hour at 55°C. whsen the results

ware read. |

If complets sedimentation weare present, it

was denotsed by the following symbol -~ +H -

If there were a degres of sedlwmentation but;
in addition the supsrnatsnt fluid showed flocculatiou;
it was Jdenotsd by - 1+ -.

If flocculation alone wsra prosent, it was |
[ denoted by = + -~ . !
Table I. gives ths rasult of the agglutinatﬁ

ion teste done on March 13.

TABLD 1./
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|

T A B L B oTh.
. - ] | ’ A
Tubse: 1 £ BarlEe 5 & f 7 A
Serum 137100 | 1/200| 1/400|1/800| 1/1 | Tpd
bi Tkt lon /2 /4 j1/,Jo.1/ 800 1/3200|1/6400 1/12800| Titre |
I ' 5
serial | j |
numbar of | ;
_rabbit | . 5 i
| ' : | |
e e e S e R
T ‘+++ [ 4+ 44 + - = & - idin 800
1II. EXE ool GRS - o 3 - - 1l1in 400
V. F 44 sre | ae * - - - - 1in 800
Vo = |#e# PRSI (I T S A 0 S B o } - - 1 in 3200
i !
; r PR ) S o U P i.-++ ¥ : - |1 1in 3200
VII.  [#4+ +e + 5 s = - - |1in 460
!
VIIT. \Disd previously
1X.- | +4+ sat | #9444 Fd #44 4 + |1 inleR00
| | |
X. Rids L LI 2 + - - = - |11 in 800
ﬁz. Died previously -
XIT. (ae . ik ] s [y e L e L R 1 in 1800
l . 5
| Note : since the sorum of rabbits IX and XTI gave a
' positive result in tube &, an additionsl
. tost was dons using higher dilutions.
|
| T & B L 85,
1 2 3 4
PPum Dilution 1/12,800 |[1/16,000 19,280 256,800 Bad Titre
Mt TR, + - - - 1/12,200
L_f: XIT - - - : 1/18,000

The/



Ths end titre of rabbits IX and XII wers
therefore 1 in 12,800 and 1 in 16,000 respectively.

The sera of ths twslve rabbits injscted with

|dstoxicetad vaccina and the nine rabbits injscted with
! |

idefattad vaccline wsere tested in sxzactly thke same way
}excspt that the origlnal serum dilution in tubse I. was

0 o T The end titrss wers ag follows : -

Rabbit 15 .. T in 38O

iy 16 o 1oin 160
8 197 Lw'1dn 40

| 8 80 s LAn &0
’ 265

AR e R 6

" (T S o o P

| .
| Tha gerum of ths other fiftsen animals gave a|

negativs rssult.

The Complemsnt Fixaticon Test.

Th2 mathod swmployad givees both a qualitative

and guentitativs sstimation of ths complemsnt fizing

‘bodisg in a serum.

i It has bosn found to bs complstaly satisfact-
%ory in the many thousand Wasssrumanan tssts dons in ths
iP&tho]ogical Departmasnt of ths Royal_Infirmary, Bdin-
burgh, during the past five ysars.

|
i
f Thas four constituente nacessary in the
|

|complemsat/
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complsemant filxaticn test ars -

T. Serum.
II. Complsment .
LT Antigen.

IVv. Heamolytic system.

I, SERUU . 0*l c.c. of sorum was chosan as

the test amount. This amount is seldom anticompls-

(mentary to the extont of more than ons uanit of

‘complsment and usually fixee lees than ons unit. The |

jnaturel complemsnt in the serum is destroyed by hoating

for half an hour at 55° C. In addition, this hoat-

ing rsducss
prasent . T
ara mixed so

nsat serum.

any esnticomplsmentary action thsat is
qual voluwes of gerum and normal selins

that 02 c.c. of ths mixture contains 0-1

3 1 COMPLELENT ¢ Fresh gulnea pig's serun

:constitutse

the night befors the test is performed, sincs complsusat

is found to

The hesmolytic unit of complsmsnt is found by titration

as follows :

the best complsment. The animal is bled

deteriorates very slowly aftsr 18 hours.

ITRATION OF COMPLIJENT.

!
Dilutlions of Gomplemont in salins from 1 in 10,

|1 in 20, etc.

ieach/

up to 1 in 120 are made. 08 giie . OF
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| ach dilution is rsmoved in a 1: c.c. pipstte to

Wassormenn tubes in a rack. 0+2 c.c. of sensltised

rod cells are a&ded to each tube. 0«4 c.c, of normaﬁ
! galins is placed in each tubs so that the total voluma§
 per tube may bs ths same as in the actual test. The |
itubss ars shelen and them placed in the lncubator at

| 37°C. for exactly half an hour when thz results ars
iread. C+2 c¢c.c. of the dilution of complemsnt which

' produces complets hasmolyeis ie ths unit or hasmolytic

dosa of complemeont. Tabls IIT. shows ths titration

| of complement on Harch 14.

| TABTE TIT./ |




147,

TABLE TITT.

COUMPLEMENT TITRATION.

Tubes : Tl 3 4 5 6 7 8 |9

Pormal Salins | 04 0-4

| I {
‘ | | | |

10 | 3k ] 38
! i s
Amopnt of sach| 0-2 -2 0:8] 0+2| 02 02 | 02| O*B |02 0+2 |0-2]0"2
dilution of of of of| ~iof of of of | of| of of| of &
[ oF 14inll dnll inj 1 dn|ll inl)iin @ In (1 40 (32 in ) 1al 1in|1 in
Complement | 36 20 30 40 850 80 70 ag a0| 100 | 110|120
e
Sengitizad | i
I D=2 0«8 058 0«2 028 0= [0 | 02 |02 @8 | 0202
R. B. Cs, i | i ‘
i '
| | T e
| |
Q-4 0°+4! 0.4 0.4 (0-4]| 0.4 O-4| O0-4 |0+4|0 -4

Incubation for half an hour at 37°C.

.

Rosult S W O - ) <R S R i O
| | ] |
Note : H = Hapmolysis.
Result @ The hasmolytic dose of complement was

0.2 of a 1 in 80 dilution of the gulnea
pig's sorum.

1 Antigen : The aatigen upsed was an emulsi@n
of the B. sulpestifar in salinse. An 18 hours' agar |

slope culturs was smulsified in salins and standardissd
by tha opacity method so that sach c.c. contalned

1,000/ .
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1,000 millions of the orgaenisme. Toé find the test

dose of antigen, ths following titration was psrformsd.

Antigen titration.

Three rows of three Wassermann tubses wers placed |
|
in a rack.
|
Row I. - Into each tubs was placsd 0:2 of the E
neat antigen (1,000 million organisms
per c.c. )

Row IT.= Into each tube was placed 0+2 of & 1 in 2
dilution of the antigsn.

RowIII .- Into each tube was placed 0-2 of 1 in 3
dilution of the entigen.

0-2 of galine was placed in sach tubs to replacs
|
the serum which would ba present in the test proper.

Into tubes 1, 2 and 3 werse pleced 1, 2 and 3

'haemolytic dosas of complement. Since by titration |

one hesemolytic doss was known to be 02 ¢c.c. of a
'1 in 80 dilution of the guinea pig's serum, obviously
two haemolytic doses wore 0.2 c.c. of a 1 1n 30 dilut-

ion and thres doses were 0°2 c.c. of 1 in 20 dilution. |
Ths tubese wore ghaken and place2d4 in ths incubator

for one hour at 37°C. 0:2 of sonsitized red cells

wore thsn added. The tubes woers again sghaken and

incubated for another hour at 37°C. whsen the results

wers read.

Rosulte/
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Resultg;of tb?_gptiggqngitration. '

Tubeg: ! 1 2 3
0 -2
Neatb Antigen 0 0 H |
02 |
of !
1 1nig Tracs |
dilution |
of H H H !
Antigen. |
|
08 ;
of i
1 1In 3 |
dilution H H H !
of '
Antigsen.
Notsg H = Hsemolysieg.

Result of test @

usad since it was anticomplementary up to 2 units

i

|

|

02 of neat antigsen could not bs i
of complemant. ‘

02 of 1 in 2 dilution of antigen
showsd fixation of only a part of ons unit of complsr
msnt .

02 of 1 in 3 dilution of antigen
gave no anticomplsmentary action at all.

The optimum doss of antigen is ths
largest amount that can be used without bsing anti-~ |
complamsntary.

Accordingly/
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Accordingly 0°2 of a 1 in 2 dilution of the

entigen was chosen as the antiganic unit.

Iv. The Hee molytic Systeuw :

This consists of two parfs =
(1) wWashed shaep's Red Corpuscles.

(2) Antisgheep hewmolytic serunm.

The Red Cellg :

Sterils defibrinated sheep's blcod was 1
washed with salina from thres to five times until gall
traces of serum wers removed. A thres psr cent sus-
poansion of washed cellg was used throughout these in-
'vestigations.

Heemolytic Seruam

Burroughs & Wellcoms's sntishesp 1muune body

\was uged. This is standardised so that C+2 of a

1 1in 1,000 dilution is ons hasmolytic dose. Beatwesn

four and five hasmolytic doses wers used to sensitiss |

ths red celle. !
If 100 c.c. of sensitised cells wers required |

for the tast, the following proportions of cells, immuﬁe

‘body and salins would bs usad :- i

~Saline .- 96°5 c.c.

Imnuns body .o 0:5 c.C.

(B.& W.antigheep
Ha molytic serum)
Weshsd shosp's

Red Corpuscles ace 3.C c.Co
Totals 100 +C ¢C .C .

The/
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Th2 congtituentes must be well mixed and at
least a quarter of an hour should b2 allowed for

sonsitisation to taks placs before the cells be used. |

The COMPLEMENT FIXATION TEST
Having satisfactorily concluded these pre-
liminary and essontisl tests, the complem=nt fixaticn
test proper may then be startad.
The serum of seach of the 33 rabbite in the
axpsriment wes examined for complement fixing bodias

ag followg ¢~

(The serum of rabbit II. is shown as an example.) .

e —

Tubes : i Bty 3 4 B
Serum rabbit TI. | 02 0.8 0.2 5.8 = ok
(1 in 2 dilution) |3 gnits |5 units|d units| 12 units 15 wnite
Complamsnt _
Antigen 02 0-2 02 0-2 0.2

(1 1in 2 dilution.) |

Inéubation one hour st 37°C.

' i
Senegitised Rsd 0.2 02 02 02 0|
Cslle . !

Result aftoar
one hour at O 0 0 H H
337G |

In addition to the test, antigen and serum |
controls must always be dons.

Antigen control/
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ANTIGEN CONTROL

Tubsse : 1 ! 2
Antigen 68 | 0B
I in 2
dilution
Complement il unit 2 unita
: Saline ;
| (to replace sesrum) O0-°2 0.2 i
. |

Incubsticn ona hour at 37°C.

Sangitissd Ra24d

Coalle 0 -2 ‘ 0.2
Result after 0 | H
on2 hour at ‘trace

37°0.

Result : Non~specific fixation by the
entigan of about 1 unit of
complemsnt .

SRUM CONTROL/
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SERUM CONTROL

| Tubes: 1 2 3

|

I Serum

' 1 in 2 02 02 02

| dilution

' Complement 1l unit | 2 units | 3 units
| Saline

(to replace antigen) 0.2 0-2 0.2

Incubation at ons hour at 37°C.

Sengitiassd Red
Cells 02 0-

o
]
o

| Result after ; ;
| ons hour at 0 H | H ’
| apeg. |

| I

Result : Non-speciflic fixaetlon by the serum of
1 unit of complemsnt.

The TEST PROPER contd.

Examination of tha tubes in the aétual
test ono hour after tho egensitised cells had besn addad
shows that the serum of rabbit ITI. had fixed & units
of complement.

Ths next tubse containiﬁg 12 units of
complamsnt showed complete lysis. Since both the
antigen and the serum fixed by non=-gpsc¢ific means on?

unit/
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unit of complsment sach, it 1s nocoassary to deduct this
from the eight units fixed in the tsst propsr. Tl |
can therefore bs recordéd that the serum of rabbit II.
fixed six units of complemoent. .

The sgera of tho 33 rabbits incculated with ;
ordinary, detoxicatead and defatted vaccines wore ox- ?
amined after each weekly injoction exactly in the sameé
way as hag besn given in datail in the cass of rabbit
II., and the rssults are shown in ths graphs and charti
in Chapter I.

In addition, detoxicated and dsfatted vacoinés
wars used as antigens sgainst the serum of rabbits 1n-;
jected with thess as wsll asg ordinary vaccinse. No
evidenca was forthcoming that thay were of any value

ags antigens in the complement fixation test or as pro-

ducerg of antibodies.

Tho/
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The Measurement of thas Bactericidsl

Power of the Blood in vitro

Two mathods ars available :

The Plate Culturs Method of Stern and Korts.
The Cspillary Pipstte Wethod of Wright.

—
D 3
e

(1) The Plata Culture iethod

It 1s esgsontial that all tha vessele, diluting i
fluids and sara smployed should bs absolutely sterile.!
Tha taochniou2 consists of mixing dilutions of thsa t?ﬁtl
serum, inactivated by heating at 55°C. for half an hou%
with compleament and an smulsion of the orgeniem. The!
mixturs is incubated at 37°0. for thres hours when it i
1s poured into test tubes of melted agar st 45°C.
'Tha contents ar2 then plated in Petri dishes and in-
(cubated for 24 hours st 37°C., when the coloniss are

countad. A slmllar process is carried out using

normsl gorum as s control.

Tha sera of rsbbits immunised with B. sulpsstifar

wore axamined as shown in Tsble I.

!"..%.BLE‘E:_E'/ |
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1 cl.c. of dilutions 24 hours culture Complement Platss poursc
hf immune (Inactivated) of Frasgh normsal after 3 hours
| garum B. sulpsstifer rabbit's garunm at 37°0.
i dilution 13n b counted after
| 1 in B0OO 24 hours at
| 70
|
' Immune Normsl
| serum seruu
|
I Theoug~ Thous-~
tands sande.
1l in 10 i f*h 0 -5
L o 50 .5 0.5 D L
1 in - 300 05 0*B H L
|
'1in 500 05 05 " "
1 in 1000 0B 0+5 It s
'Result @ No avidenca of bactariolysis could ba
' found . i

The L9st was repesated using 05 c.c. of =&
l in 2,000 dilution of & 24 hours' broth culture of
B. suipestifoer.
Rasult ¢ About 600 coloniss were found in 211
platas. Again no svidence of bactariolr
ysis could b2 found.

Tn addition to the test, the following contrcls

wars put up -

CONTROLS/
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SONTROLS
Rosult
Qs 6,0 .- of gulturs . Hundreds of
Control T, dilution. colonice.

Control II. | 0-5 c.c. of complement
Hundreads of
| ¥+ 08 of culturs colonias.

| dilution. '

Gontrol III: 06 ¢c.c. rabbit's

| serua (complsamsnt) Sterils.
alons. |

Gomtrol. TV. 0+1 ¢c.c. lmmuns searuum ; cterils
alons. '

The coutrols wars therefors satisfactory.

Tha Cepillary Pipsttas Method (Wright)

Quantitativs titration 1s accowmplished by

;
| furnishing varying dilutions of culture with a constant

quantity of ths tesst seruu. The largest nuamber of
|bactaria that a congtant quantity of serua has bssn
abls to kill furnishes a moasurs of its bactericidal
rowsr. Ne complament is used in this tesi, the tost
serum baing used fresh; thus supplying its own

complement ./




|taken that an air bubble suparvenss between the mannite

: is drewn into ths middls portion of ths éapillary ptam
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complemsnt.

The following dilutioas of a 24 hours' broth

culturs of B. sulp23stifzsr wers made :-

3 4n 10 1 in 500

1l a B 5FO) 1-da 8006 and: 1 in 50,000

Into looped pipettes, marksd about 8 cm. up
the stem, litmus mannite broth was drawn uantil the

bulbs ware about two-thlirds full. Tha test serum is

now allowsd to run up to the fiduciary mark. An air

| bubble is aspirated and the dilution of culturs is

then sucked in up to the mark. Ths two volumes of
culture and sarum are thsn gently blown into a starils|

tube. By drawing up and blowing out thse fluld sevarai

times, a thorough mixture 1s mads. Car> must be

broth and the mixture in ordsr to avoid infecting tha

broth at this stags. The mixture of culturs and serum

|
and th2 snd s2aled in ths flame. The pipetts is in-

cubated for 24 hours to allow bactariolyseis, if presanﬁ,
to taks place. The mixture is thsa drawn into the E
|

broth and the pipstts incubatad for a furthsr 24 hours.

If any bacilli are alive, fermentation of ths mannite
takss place with the production of acid. Th2 colour
Of broth ie thersfors changed from blus to red.

Controls:/
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Controls : The teet is done with normal ssrum and

the ssme culturs dilutions.
|

In addition, the culture with no serum

[ieg examinaed in an identical mannsr.

| Result Byen such dilutions of culturs aes 1 in
’ 850,000 wors unaffectad by the serum of
i rabbits immunissed with B. suilpestifar.

(9]

nclusiona:

\

Repeated invastigations by the Platse

' Culturs iethod and Looped Pipette uathod fail to

desmongtrate the pressnca of bactariolysins in the

| serum of snimals immunised with B. sulpsstifer veccinss.

‘Opaonins_:
The method of the tsat and plpetts

(Wright) was amployed. Squal volumas of washead
| loucocytes, bactarial smulsion and serum wars drawn
[1nto the stsm of ths pipetts. Bach ingrediant was

soparatead from the unext by sm air bubbls. By blowing:

iout and drawing in, the three constitusats ware
thoroughly mixed, aftar which th2 snd of ths pipetts
wasg gsaaled in the flams. The mixturs was incubastad

at 37°C. for ten minutes, to allow of phagocytosis
|

taking placs. A similar test was mads with normal

| ssrum. Films were spread and stainasd with Leishman's |

stain/
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staln and a phagocytic count mads.

Resulte ¢
i Severel attsmpts to obtain the opsonic index

of the gerum of animsls immunisad with B. suipestifsr

lwars msde . According to Wright, it is esssantial that

on microscopic szamination of the films, the organisms

should b2 avenly distributed over ths fisld.

Since ths tesgt immune ssrum containing such
large smounts of agglutining that even in ths ten
minutas allowed for phagocytosis to take place, clump-
ing of the orsanism occurrsad, it was impossible to
obtain an svsn distribution of the bacilli. Bacaus?
(of this clumping, it was impossibls to sstimats ths

opeonic indsex of ths test esra.
Sonclusion :

No evidencs could bs obtainsd rsgarding
the presence or absencs of opsonins.

TIUMUNITY/




e 2 CHART: /.

TITVE. 1
/:/2000. _ " ,
: \ ' Showing Graphs of 1Hgglotination fitre:
i 11 of Kakbils /XU /{z/'ec/ea’ wilh
/000 . ] ! lhe Bacillary Lmolsion 7‘ .ﬁzz)}m‘:,‘fex
| |
| I
| L
1
/0000. : = PNo7E —
: 11 Kabbcls I . T & X were cnjected.
r | Suvbculoneously. e Graphs showcng
/'9opo. I tl [hetr @jia&‘ﬂd&b» flres are drawn
: , with dolled lines.
| |
! |
1"8000. ‘ \
Il 1
r \
i u
/:7000. : ;
r i
| |
I |
I
/"6000 . 1
!
|
|
/$000. : N
|
[
r
/“4000. |
[
|
[
: RY
/3o00. |
|
|
| ?,é

/"Rooo r’
i
#1000, a%
| ;f tf -—‘f;-"iz7 RI-




KLUTINATION
TITRE.

7000,

/16000,

2

/8000 .

CHART 2.

74e fyerage /eyj/ae‘(}u lron Jilres
of Ancmnals cn Jub Groghs A7 4L 4y

are shown. ke Grfya.rf.r of Ancmads
(nanoculaled Jaﬁ:a&mcoaﬂ.’/ a7re drawn
webh dolted Cenes

/%000 .

/Foog.

/Roop.

=

/7900 .

1
|
1

DAYS.




TS OF COTPLEAENT F/XED.
7. CHART 5.

f
|
/0. ’ e
: /ﬁanffﬂf Graphs of the
I Ayera 29€ Complement Skaliorn of
i , Ariinols sn Sob_groohs Ar A7 By .
g. ; Anymals tnnocolaled subculaneouvssy
: are shown Ay dotled Zrnes,
/
. | /
/
]
1
/
7 ,
/
/
6- L
¥
/
!
s |
i
f
/
4. !
3.
-
)
‘\
\
N
Y
A
N

7z /4 7. 28. DAYS.



WoLOTIIRTINY
TITRE .

/- 350.

CHART 4.

Graphs of lhe /fg/c/aé'); alion /fitres
of Rashils /3-R4 (njecled with

8B Svcheslifer Deloxicaled Vace/ne

Sors —
Ropbils /578, /9, 20,2, 828 . were
énnocoialed wirth a Qefoxicalecd Vaccrne
consisling o/ an Alkaly solvhle fractson

alone.

Kapbrls 13,/4 /578 23 A 24. were
nnoculaled wi'lh a Deloxrcafed Vacesne
Cnsssb/n 19 of an Blkals and an Ajeosio]

Solvble /ra clron.

Yo7k~
Rahbrts 13/4/7 78 2,92 23 KL 24
prodoced 1o Agglulinalions.

/300,

/R8O

/200.

/:/50.|

/°/00.

/- So.

28.

DE)S.




C/HART. 5.

6)‘:1/545 a/ Ghe /‘Zq;(m.‘/}m&bn 71t res
0/‘ Aabbils RSE—36 (’):r/'e'cfe’a’ wrés
Defalled 5. Jw,?fe.ﬂ‘;/er feccine.

No7E —

Hobblts 26, 28, 29 30 £ 34. 35 36.
SJroduced no ﬂyf/zfﬁ)wc‘mn.r.

R66L07/mpT 700
- TITRE

/:60.

/°30.

/40

/:3a.

‘F;'_pd..:

/-20.

Z /4 2/ 28 I7)S5.



L0771y 770
TITRE.

/4000,

/5000,

/°3000.

/2000.

/1000,

Deloxccale

qu{bd, }

C/HAR 7. O.

Showrng  Grapis of /?jyfaf/'naf/bn
.76/:}‘)'&! 0/ Habhels (njecled with
(_2:)&7“2/;,7 Lnulsron,

Deboxicaleqd Voccrne.

Defatled Jacc/ne.



| oTs oF
COMPLEMENT [7XED.

Ve

25

Dy,

CHART 7

Graphs showsng Arverage
Cormplernend /rxalron (n Kabbils
sajecled with,

). Bacillary Lmeolsion .

(2). Deloxscated Ilaccrne.
(3) ﬁ;ﬂaﬂ‘eq’ Vaccrne.



181.

T.UWUNITY TO THE PNEUMOCOCCUS

Chaptar I.

Seruan Therapy in Pnsumonis

Since 1881 it has been rocognised that it ig
possible to produce a highly immuns anti~pnsumococcal
gorum which ie capable of protacting a susceptible
animal, such as the mous?, against meny lethal dosas
of ths organism. The edminigtration of such immunse
gere to patients suffsring from pneumonia weas, however,
A

followed by little or no therapeutic benofit. The

publication, in 1917, of the raessarchss of Avary,

Chickering, Coles and Dochez, of the Rockefsller Instit

ute, explained ths roeasons of this failure. Thess

workers injectad a largse numbsr of different strains
of pneumococci into animals and by means of a sero-
logical test wers abls to classify the organlsm into

four types. Orgeanisms of Types I, II and III wers

agglutinated by their own homologous serum, but showed

no cross agglutination with the other Type ssra. Thsi
organipgms clasgified as Typs IV. conseistsd of pneumo-|
cocci which bore no sarological relationship to sach
other or to membsrs of Types I, II, or III. In
addition, 1t was found that protective ssera of any

potency could only bes produced against Type I. pnaumo-

coccus./
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|
| pRaumoOcCoCCus . To obtain bensfizial results clinically,

‘1t was necessary to inject intravsnously large amounts
|

of this immuns sarum. Ths failurs of former immuns
sera was partly dus to the injsction of too small

| amounts, but mainly to ths ignorancs of the fact that
| eaveral typses of pneumococci exist which are serologi-
Ically as separate from one snother as they ars from

I

| the straptococcus.

The Incidencs of Types of Pneumocoo¢i in Lobar Pnsumonia.

| By mesans of th2 agglutination tsst, the organ-

ismg causing all cases of ascute pneumococcal lobar

pneumonia in thie Hospital of the Rockefellsr Ingtlituts

were typed. The following table shows the incidence

of ths various types and the resulting mortélity e

Type of Pnsumococcus Incidesncse Mortality
Tybar =t 337 257 - 305
Lypo: Tk 327 327
Type IIIL. 9% 457 |
Typs 1IV. 20% 16%

Result of Serum Traatment in Type I. Casas.

The result of the Injsction of 200-300 c¢.c. of |
| immuns serum is certainly very striking. In 107 casep
treated in ths Hospital of ths Rocksfallsr Institute,

the/
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the mortality rate f£ell from 25% to 7:5%. Reports
from othar Hospitals on 495 casse treatad with ssrum

|show3d e mortality rate of 10-.5%.

|
The Advantages and Disadvantages of the Serum Traat-
:ment of Pneuwmonia.

i No mors need be sald in regard to the advantags

|

lof this treatment 1f it reduces the mortality rate fron
25% to 7.5%. From the point of viaw of ths gzaneral

|

[practitioner there are, howevar, certain serious dis-

|

iadvantages &

! I. The cost of large amounts of immune serum

f is a heavy item:

LT The tschnical difficulties which bessat the
goneral practitionsr in giving several |
hundrsd cubic csntimestrss of serum
intravenously:

III. The production of serum sickness which
invarisbly follows within a fortnight:

Iv. The noecsssity of having the closs co—oparatidn

of a trained bactsriologist who can typo |
the 1nfecting agent.

| The Identification and Typing of the Pnsumococcus.

Before serum treatmsnt can bhe started, it is
essential to know '

(1) If the causal organiasm is a pnsumococcus;
(2) If so, to which type it bslongs.

Only when it ies established that ths causal
jorganism is a Typs I. pnaumococcus should serum treat-
meat bs instituted.

The/
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The following description centains sll the

svidence necessary for diagnosing thse causal organism |
as boing a8 pusumocoOCCUB.—

The pusumococcus is a Gram-positive, lancaolétaﬁ
shaped diplococcus which is bila-éolubla, ferments
inulin, possasses & capsuls, is pathogsnic for mice,
and on blood agar forms a flat ring2d colony surroude
2d by a gresnish zone of methasmoglobin. dorsovar,

with the sxception of a Type IV. pnaunococcus, it

reacts-spoecifically with its homologous 1mmuns sarum.i

Th2 Typing of Pnsumosocci .

A pisce of fresh eputum about the size of a |
bean is finsly emulsifisd and the amulsion is injected
intrapsritonsally into a white mouss. In a period |
ranging from 6-24 hours, depsnding on the virulsnce

and numbers of the organisms in ths sputum, the mouse

| will sicken and dis from a pneumococcal peritonitis
and sopticasmia. Ths peritoneal cavity is then
washed out with 3-4 c.c. of gterile saline and the i

washings, which are of milky opacity, are ramovsd to

a sterile tube. A microscopic examination shows a
|
|

mixture of fibrin, cells, and large numbers of pnaumo4

coccli. The washings should bs csntrifugsd slowly for

a few minutes to romove ths c¢2lls and fibrin. Thn

a 3
suepension/ .
|
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sugpomsion of organism 1s then tested against suitabls

| dilutions of the different typing sera, the mixturse

being incubated at 37.5°C. A positive agglutinatiag
raaction should occur within ons hour if the pasumo-

coccus balongs to.Typa Y5 Tl or TIX. Cross agglut -
ination nevsr occurs if the propsr soerum dilutions ars

usad . Ths result of the test is simply and easily

| read. As a genearsl rule, it can safely be saild that

the bactariologist can report thse type of ths organienm

| within twelvse hours of rscsiving the sputum.

During the past nine months, with a view to
disgcovsring what proportion of pnsumococcal infactiouns
in Bdinburgh were dus to Typas I. orgaalsm, I have
carriad out this tochniqgus in a number of casas.
dany more cases would have besn tested if I had not
besn delayed Tor thrzse months by contracting ths
disgoase myself. Owing to the limited number of cases

investigated, the following report must be consgidsred

' only as a preliminary investigation into the subject: -

Table I. gives ths rosults of typiang the
ofganiam in different pnaumococcal infections. The
two periods February-April and October-November are
given separately in order to show that in different
epidemics the proportion of the differsnt types may

vary . Only threes points deserve consideration :-

T/
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I. That duriang the period October-novambsr,
goventeen ocgsaa of differsnt pnsumnococcal
infections wsre examined and in evary
cas9 tho organiem was found to be Typs I.

IT. An examination of the organiem in fifteen
cases of acute pusumococcal lobar pnsumonie
during the period February-April shows
that the Type I. organism was responsible
for only 40 per cenlt of the cases. This
figurs is approximately the sams as that
of the Rockefellsr workers.

ITI. GSevsnteen casos of pneumococcal empysma wers

investigated, two of which wero in children.
In evory cass the organlism was Type I.

CONCLUSIONS.

This preliminary invsstigation into the types

| of pneumococci prsvelsant in infections in Ediaburgh

affords sufficient evidencs to justify the considerat-
ion of serum therapy, especially in cases of smpyema

occurring in children.

TABLE I./




Typs Fab.-April Oct .-Nov.
No. of Cases No. of Ceascs Totsl
Pnsumonia I. 6 5] 12
l IIO ‘ 4‘ ot 4‘
i IIJ_- | 3 5 3
| = IV 2 = >
Children ; i 5 12
Smpyema Adults | I.‘ 3 =) 5
T1 ] - - -
£ ) e 2 : b
Otitis iedia Ts - 1 1
Yo s = =
ET T | 2 o
Brain Abscsse FTE- 1 od , 3
Meningitie I. = 2 | &
Tndocarditie Ty : 1 | 1
| |
Total anumber of pneumococcal infections examined | = aa

H

Totel number of Typs I. pnsumococci Ffound 33 =| 76 psr cont

Total anumber of punsumonia casges axaminsd [
betwesn February and April 16 casss
Percentags of Typs I. punaumococecil 40 per cent.

[
17 cagsas.
100 per cent.

Total number of empyema cases examined
Parcentags of Typs I. pnsumococci

Note : 17 Oesss of diffsrent pnsumococcal
infections examined during Oct.-Nov.
wars all Typs I.

Chepter T171./ i
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| CHAPTER IT.
| A Comparison of the Antigenic Valuss
of
Datoxicated, Defatted and Prdinary Hosat -
killed &zlins pnsumococcal Vaccines.

|
|
! Before any therapsutic remsdy is tried clini-
‘cally, agvidancse of its boaneficiunl effects should bs
| forthcoming from sxpsrimsntal laboratory investigstionl
For purposes of active iamunisation in ths
| past, heat-killsed culturee preparsd in the form of a
saline emulsicon of micro-organisms have bssn gensrally
Irslied on end havs constltuted ths usual typs of vacci%e
smplcyed in madical precticse. More recently, nswer
typas of vacclins proparations have besn advocatsed, e.gh,
| the so=-called datoxicatsd and defattsad vaccines. It
Eia of undoubted practical importance to thse practitiongr
' to know what is the actual and relative Immunieing
| proparties of thsse praparations. !
In a papsr road to the British Medical Assoc-
ilatlon at Bradford in July, 1824, I showad that, as
Judged by the production of antibodies, destoxicatad
and defatted vaccines woare in no way cowmparabls to thS:
(ordinary heat-killed salins emulsions of the organiﬂm.f
'Ta that sxparimsnt, the test organism was B. sulpestifer,
which is a Gram-nsgative organism of the paratyphoid O.
group of intestinal bacilli. B. sulpestifer, which

at one time was thought to be the causal agsnt in

| swins/
|
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ewine fever, produces an excsallent antibody response

in rabbits. When injected in the living state, it

is s0 exceasivaly virulsnt that no minimum lethal dos

can be sgtablishad.

=

Owing to this iantense virulencaJ

no mathod of lmmunisation has evar bsen successful in |

protscting rabbits from even the most minute doses of

the liviang bacilli.

The following Table shows a coumparison of ths

antibody production in rabbits injsctsed with detoxicat-

ed, defatted and ordinary saline vaccines of B. sulpest-

il

Nuamber of Average Average Number

Rabbits [Agglutinating of Units fixed

Injected. Titrs. in Coumplemsut|

Fixetion Test.

Ordinary Vaccinse 12 1 in 5000 6 |

Detoxicatad Vaccine 12 L in B0 x
| Defatted Vacciase 9 1. in 5 -

The detoxicatsd vaccine was given in dosas of

at lsast 1,000 timse thoss usad in the dafatted and

ordinary vacclines.

Ths qu2stion arisss -~

what relation

do

antibodiss bear to true immunity as Judged by protect-

ion to a lethal dose of th2 organisam ?

With thgs sx-~

AL |
coption of the antitoxins, it must Dbo admittsd that we

aré uneble definitely to state tha ralationship of
antibodisg to immunity.

Whils/
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While it is probabls thet thsy form part of ths
hoet'e defencss sgeinst bactarial invasion, in the i
pressnt stats of our knowledge we ars only Justifisd
in assuming that eince antibodiss are the specific

result of tha antigan injscted and the host's body i

| cells, that they may at least be regarded as indicatoﬁs

of the antigenic valus of a vaccine.

Ths real test of a vaccine ieg therefore the

| production of immunity te a lethal dose of organisms.

|
Accordingly a naw series of experiments was undertakaq,
the pnsumccoccus being chogan as the test orgesnism

gincs its minimum lsthal dose for rabbits and micoa ca@

| be sstimated accurately.

' Tha following vaccines were made from thie orgsnism:-

Vaccinag used :

A rocantly isolatsed Typo I. pneumococcus was
gelactad as the tset organiam. 1l c.c. of a 1living

broth culture injscted into a rabbit caused desath.

I. (&) Ordinary saline bacterial emulsion

killad by heating for 1 hour at 60°C.
Tach ¢ .c. contained 1 mgm. of dried organisms.

(b) Heat-killed 24 hours broth culture. I

(¢) Liviang 24 hours broth culture.

| IT. Detoxicatad Vaccing

A subculture of ths organism weas gent to Dr.

David/
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David Thomson, the originator of ths procsss. Tha |
dstoxicated vaccins which hs rsturned contained the
productes of 50 thousand million paeumococci per c.c.
My thanke ar=s dus to Dr. Thomson for the trouble ho

has taken in making this as well as other special

dotoxicated vaccines.

TET L Dofattad Vaccine

Pnsumococci wers trsatad with formalin at 100
C. for four hours and wers then extractsd with acstons
in.a coxlet apparetus for 24 hours. Microscopicsal :
sxamination showsd that ths organiem had lost the

powar of retaining Gram's staln. Ths defatting

| process was carrisd out exactly as published by ite

| originator, Professor Droysr. Ths vaccine containedi

1 mgm. of defatted pneumococci per ¢ .c.

The Active Immunisation of Rabbits.

Bach rabbit racsived six injsctions of vacclns |
at five days' intasrvals. Table II. shows the quantiﬁ-
ies employad. Tt should be remsmbarsd that immunlsat-
ion of rabblits with the pansumococcus is attsnded with
great difficulty. Ths sndo-toxin containsd in ths
bacterial protoplasm produces a wasting and in tims
death of th9 animals.

On Novembar 12, saven days after tho last in-

jection, blood was drawn from all surviving animals.

TABLE II./
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T

(&) ANTMALS INJZCTED WITH ORDINARY VACCINZS. |
Ae T. Hoat-%illed Salines Bacterial Emulsion.
Oct. Nov.] Total In] Route of
Date : 10 15 20 25 30 5 mge. | Administratior
Rabblt g8& O+1 | G 0.4 0.8 1.8 3.2 B3 Intravenous
89 -2 | 04 0 -8 16 3B g4 18 Subcutanaousa
A.IJI. Hsat=-killad Broth Culturs.
|
’ ’ Total in
‘ S .08 .
Rapbit 90 |0-2 | 0-4 | 06| 0-8] 1.8 | 3.2 8 -8 Tntrayvsnous
G o1l |02 0.4 O-B__ 08 16 %2 8 .2 "
{ |
A.TIT. Living Broth Culturss.
| ‘ Total dn <
] | G a8 | Y
R
Rabbit 92 02 02 0 -4 0.6 0 -8 1.0 3.0 | Intravsnous
93 Q2 04 0-4! 0 5 C -6 1.0 5.2 [Subcutansacus
g4 1o-8'l 6.4 | osdl 081  1:06 1 30 3.8 i
|
Nots Rabbit 92 disd on 2:11:24. abbit 94 disd | 9:11:24
Rdbbl 89 died 13:11:24. |
(B) ANIMALS INJEOTED WITH DETOXICATED VAGUCINE.
T Total in
TEa———
dillioas
R&bbit 80 500 | 1000 QOOO. 5000110,000 20:000] 38,500 ' Intravenous
21 500 | 1000 | 2000 | 8000 10,000|20,000] 38,500 i o
o g2 [000 | 2000 | 5000 |10£00 80,000 50,000| 88,000 ﬁubcutsﬁaoue
" a3 {000 |8000 | 5000 (10000 20,000|50,000| 88,000 Ritl
(0) ANTUALS INJECTRZD WITH DEFATTZD VACCINE.
e TO-E_LTIOI
llgq! _I_ =
It A ; ( . ) 198 7.9 ! nirey2nous
S R AR AR B T R
" 2l O 2|10:8 1.8 3.2 8-4 12 S |Subcutansous
L 57 h.p . 8.8 1-8 3.2 A-4 12.- 6 .
NOTE: Rabbit 85 disd 8:11:24.

The/
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|

|
The pooled ssrum from the rebbits in groups i
&, B and C respectively was eoxamined for protective
valua by means of the following expariment : -

Sixty‘mice of approximatsly the samo sizs

and ags obtained frowm tisa sams dsalsr wsarse placed in
slx cagee; each cags thserefors contalnsad ten mice.
Bach mous? wap marked by means of coloured dyes.
:Dilutione of a 24 hours' broth culturs of living
'pnsumococcua wars made so that 0.5 c.c. of 3ach dilut~

ion contained thoe following guantitiss of the culture 1

0«1 C.Ca.y, 001, 0001, O+0005, 00001, 0O+0000E
and 0.00001 c.c.

06 c.c. of sach dilution was drawn into a 1 c.c. lueri
syringe followsd by 0-4 c.c. of the test serum. Tha}
mixturs of culturs and ssrum was immsdiatsly injsctad
intrapasritonssally into the mouss.

In addition to ths pooled serum from rebbits|
injacted with ordinary, detoxiceted and defattad |

vaccinas, Rocksfellar immuns serum, normal rebbit's

- = |
sorum, and th2 dilutions of culture wilth no ssrum wors

Lestad. |
Table III. glves the quantitias injscted and|

'the rasults of ths expsrimaat.

TABLE III./
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Ths Rasult of the Expsriment @

—— e

This experimsnt may be considared ss being

aminently satisfactory since a dsefinits clesar cut

| result is obtainsd.

3% The serum from animals injscted with ordinary

| vaccines (Cage IIT) and the Rockefsllsr Immuns Sserun

(Cage IV.) gave complets protsction against 10,000
1sthal doses of pnsumococei . From snothsr expeoriment|
I am abls to state that protection was afforded to at
least 50,000 ls2thal doses.

ELs Ihe serum from animalg injz2cted with detoxi- |

cated (Cage I.) and defatted (Cags IT.) vaccines showed
|

| no protsctive propertise, sincs normal rabbit's serum |

(Cagas V.) gava gimilar negative results.

ITI. It is to bs noted that when a protactive
expeoriment of this type is being dons3, the control i
aniasals should receive normal ssrum <+ the culturs, i
and not ths culturs alons. Ths affact of introducing
forsign prot2in into an animal is to producs temporar-
ily a lowering of roglistance. This ie probably = |
non~specific toxic effsct. In thos sbovs axpserimsat
the W.L.D. of the broth culturs alons lay betwsen O-OO?

!
and 0-:0005 ¢.C., whils the i.L.D. of culture -+ normal

| serum lay batwesn 0:0001 and 0.00006. Hsucs an imaung

| serum, to be sfficisnt, must not only b2 abls to ovar-

coms/
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3

ovoarcows ths infecting agent but, in addition, must
counteract the temporary increassad suscoptibility pro-
duced by the toxic forsign protsin.

It seomad not unlikely that the bensficial
iresults following the injaction of the poolsd serum Ofi
irabbits immunised with ordinary vaccines wsrs dus to i
%the protective bodies 2xigting in the serum of Rabbit ;
|93 sincs this animal had beon Injected with a living
:broth culturs of the tast organism. Morsovser, this

was the only aenimal to possess a seruu containing

agglutining.

i ' To test this hypothesis, the following ex-

'periment was psrformed : -

| Blood was withdrawn from Rebbits 88, 90 and

|91, which had bsen injscted with an ordinary killed

|vaccins, and the sarum poolad.

; Serum from Rabbit 93, which had bsen injscted

iwith a liviag broth culturs, was used separataly. |
0+4 c.c. of thage sera with differsnt dilut-

:ions of broth cultures were injsctisd into mice. In

;additicn, normal serwum <+ culturs was injected into

|

control animals. Table IV. shows the quentitise

injected and the rasulte :-

TAEBLB IV
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T ABLE IvV.
i _ gontrols
Pocoled Ssrum from serua from ! Pooled Normsal
Rabbits 88, 90, 91 | . Rabbit- 93 i Ra@bit's Serumn.
Culturs Serum [Result| Culturs Serum Resultlcultuﬂa Serum| Result
I | I
iouse 1 |01 T 2 e ) I R S U el B AT (e
S0 + 04| 5. | 0-1 + 04 D. |[0.01 |+ 0-4 D.
| 3 |0.01 + 0.4 S 0.01 + 04 D. 0.001 | + 0-4 D.
| 4 [0-01 + 0.4 S | 001 +0-4 D. [0.000Y + 0-4 D.
| 5 |0.001 + 0.4 Se 0.001 + 0.4 b el |
| & j0-001 104 S. | 0.001 +0.4 | D. |
i % j0-0081 + 04 | S . 0-0001 + 0-4 D-
; 8 |0-00001 #+ 0-41 S 0.0001 + 0.4 S i

Results of ths above expsriment :

Ths result was again absolutely definite.

The sarum of tho animals injectsd with ths ordinary
hoeat~killed vaccine containad the protective substanciss.

It ie not to be assumad from th2 results

ghown in Tabls IV. that imrpunisation with living

organiems is lsses sffectiva than with dead organisms.
In fact, I hava ovidencs from other sexperiments that
the contrary is the mors probeabls. Rabbit 93 was
practically moribund from the toxic effactg of the
reopoated injactions of liviag organisus.

Hencs a falr comparison can b3 mads between
the protective valuas of ordinary vacclnes, detoxicat;
3d vaccines and dafatted vaccines.

In order to ascertaln the degres of lmmunity

/

ofy |
|
|
|
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of ths rabbits injsctad with ordinary, defatted and

detoxicated veccinas, thres aniwmals from sach group |
wore injactad wlth a liviag broth culturs of thse

pasumococeus

Table V. shows the quantitiss injactsd, and

the results @ -

Rabbits immunised| Rabbits immunisad Rabbits immuniged | Controls.

| with Ordinary with Datoxicated with Defatted ﬂormal Rabbits.
| Vaccinaes Vaccin® Vaccine |
l ' i

’ 4 I ty o — [ — ' %1 © q(; =

I o @ o N B & o & Lo o5 @

3 o P 3ile, & ) Giie L% (o by

D 4 Gq ot D 2 pHGe O 2 ot G et D 42 C o

I 0o o> : w = [LOoP 0o £50) = w ot E

| o 3 ok 3 (= e G i3 R o) ke b

a o P O 0o k3 a o 68 jaj £3 0 o2 o

¢! Ul 2 (8%

| Sur- =) 4 sick
R-88 % c.c.|:vived |R.80 | % c.cl.days [R.88| % c.c. days [R:1 % c.c{ but
. Bur-
sur- o 2 | vived
R.91 1l c.c.|:vived [R.81 |1 c.cl.days [R.87| 1 c.c.| days R.2 % 0.0 dgys

1 X oA sur: 4
R.93 1 c.c. da?s R.82 |1 c.c|. aay R.84 il CECR) R«3 1 c.C days
fl :

INOTE @ R. 93 wag in a dying condition before the
tast injoaction.

Results of Tabls V.

The minimum lsthal dose of the broth culturs
was ¥ c.c. This killed a normal rabbit in four days. |
I. Rabbits 80, 81 and 82, which had been |

i mnuni gad/




179 .

impmunisged with detoxicated vaccine, showsd no lmmunity

to the pneumococcus. Moreover, thoy appoarsd to have|

| an increagsd susceptibility elnc3 thay survived oaly

|
!frOL 1 - 8 days, as comparead to a four day survival
ipariod of normal rabbits.

ETR One rabbit out of three immunised with
defatted vaccine survivad ths test 1lsthal dosa.
‘ 3 e With regard to ths three rabbits iamunisad

with ordinary vaccines, two survived the lathal dossa.

R2bblit 93, which succumbsd, was in such an amsacisatad

conditicon bafors the teost injecticon that it was g

mattar of surprisa thet it survived for five Jdays avan|

I < . <
| without the introduction of living pnsumococeci. Tte

death should be ascribad to the toxic effasctis of ths

living vaccine with which it had besn immunissd and

inot to the teet lethal dose of micro-organisus. |
| :
Gensral Condition of th3s Rabbits at ths end

of the period of immunisation. |

The rabbits injected with datoxicated vaccine
|
‘wers in a fat and healthy condition when axaminsad sevaﬁ

idayg after th3 sixth injection. No evidencs of local
i

inflammation at ths sites of subcutansous injection
|
\was apparent.

The rabbits injected with defattsd vaccins

‘wera/
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|

| Wers only in fair health and showed a dagrss of wasting.
| Large hard lumps, ths sizs of a bean, could bs
Ifelt at the sites of subcutansous injection. '
| Ths animals immunised with ordinary vaccinss
Eshowad 8 conslidarabls dagre= of wasting. Those in-
jectad with the living organisms wears in the poorast

|
heoalth. Two out of thres died befors the test =2x-

|
iperimants could ba performsd. The survivor, Rabbit
|93, wae in e dying condition. It is indesd signifioa%t
|that the animals in ths bast stats of health showsd
the least resietancs whils animalsg ghowing dafinite
toxic symptoms could still contein serum of high

ipr‘otectivs valus.

GENERAL CONCLUZICON.

As judged by I. Production of antibodies ;

I1. Protsction to lethal dosss
of the micro-organism,

detoxicated and defatted vaccines have no lmmunologicel
| I
' value comparabls to that of ordinary h2at-killed bactesr-

lial vacgines.

Chaptor IIT./
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CHAPTZR® ITI.

An invegtigation into the antibody

contant of immuns antipnsumoccccal esra.

Since the poolsd gerum of rabbits immunised
with ordinary heat-killed pnsumococcal vaccines pro- !

tocted mic2 from 50,000 1lsthal doess of thes living

organiem, it was nacsssary to discovser, if possibls,
the naturs of the containsd protectiva gubstancss. |
\ Accordingly, the serum from all the immunisedl
| rabbits as wsll as Rockefsller immuns serum, Burroughs!
| |

and Wellcomee immuns ssrum and normsl rabblt's serum

iwsra examined for the following antibodies -

Ts Agglutiniae.
IT. Complamsnt fixing bodisos.
8 i 3 Bacteriolysines.
IV. Antiblasgtic action.
Vs Ppsoning.

I. Agglutinine @

The dstails of ths tacﬁnique employed naad ‘
.;not bs respeatad 1un any of these tests as thay wers ths!
;same ag described in the previous chaptoers. Ths sers
\were examinsed aftsr the third, fourth, fifth end sixth%
injections of vaccines. |

Table I. shows the result of ths agglutinatién

tests/ !




Iteets dene one wesk after ths sixth injsction. The

i&ntigen used was a 24 hours! broth culturs of pnsumo-

coccus Type I. - strain 659, which wae the orgsasuism

 from which the vaccinss wers propared. Since thsare
iis conegidsraeble difficulty in producing a heavy growth?
| |
'in ordinary bouillon, without ths addition of sither
serum or blood to it, an investigation into the various

'ingredisents of broth and the methods of standardising

|
|
'the pH wae undertakon. With the help of information I
from Dr. H. Wright, Unigersity College, London, the |
| following method wae found to produce a thoroughly

;satisfactory modium : -

| Phosphate Broth/
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|
PHOSPHATY BROTH

for

—e

Growth of Pnsumococcus .

| T Tek2 soms VEAL, removs moset of fat, and mincs. !

i Placs 500 grms. of minced veal in pot, add 1000
: c.¢. of distillad watsr and allow to stand
' in cool place overnight.

JIT« Filter off fluid through muslin.
' steam fluid for 1% hours to coagulate albumins,etc.
Filtsr through cozrse gray filtser papsr and make |
quantity up to 1000 c.c. with Dist. Wator.

IV. Steam twice for 20 mins. on two cousecutivs days:
this can bs kept as Stock Bxtract. |

Ve To 1000 ¢ .¢: Bxtract add 2 - i

10 grme. Peptons (D2 Fresnes) ; |
g " Di Sodium Phosphate;
20 c.c. N Caustic Soda.
1

j Vi. Steam for 1 hour: standardiss to P.H. 7.8.

| @

\VII. Steam again for 20 mins. Test rsaction must be |
I 7.8_:

. Filter through grsy filter paper.

! Tesgt reaction must be P.H. 7.8.

|
VIII. Tuba and Autoclave for 10 mins. at 10 1lbs. preesJ
turs.,

Test Reaction should be P.H. 7 .8.

If reaction drops more than two points at this
stage, it usually means too littls heating
hag besu used previously and should be re-
ad justed .

I Veal/
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veal is usod instsad of bsef and a spscial

|
|
poptone is smployed. The effsct of the phoephate is
‘to producs an efficient buffering of the fluid, whils
the rep3sated heatings finally result in the preoduction
of a pH which doss not altser sven if the msadium is kap%

for gsveral wesks.

When dealing with the pneumccoccus, ths

| qua2astion of ths hydrogsn-ion concsatraticn of thse
'medium is probably the most important aspect of ths

problem. i

TABLE I./




' Dilutions of gerum
serial Tmmunisging | Final
dumbsr vaccine |1 in 2|1 in 4|1 in 8 |1 in 18|1 in 32| 1 in 84 sgglutin-
of i | tation
Rabpit | titroa,
| e e M e Wi e b s et S e L e e e
i ;
80| Detoxicatead = — = = & =
g vaccine f No
81 i % 5 5 £ E 5 agglutin-
: i sina.
22| n . = = » ~ ” -
8 3 " | -2 e L o A -
84 Defattad ! - - = 5 % =
vaccinse .
e5 " - = - | - - v | NO
agglutin-
88 " - - - - = el tins.
87| " - - - - - -
8g | Heat - | - - - - I = -
; killed - . No
89 | ordinary = = = = ' il =i agglutin-
| vaccine _ ' ting.
90 ‘ - - - = | = =
91| B - - . [ -
|
| Living
93| ordinary = +++ | H++ | $+ +4 % - 3 v e
' veccins |
| |
Normal No
Rabbit f - - - - = 7 | agglutin-
Seru¢ : tins.
|
Rocks -
foller 1 in 2686
Serum . '
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Regult :

With the excaption of rabbit 93 which was
immunlsed with a liviag pneumoccccal vaccins,
no agglutinins wsrs pressant in the serum of
any of the immunissd animals,

EXy Complement Fixation Tsst

The techniqus employed was the same as previoug-

| ly described :-

Serum 01 c.c.
Antigen 0+2 c.c. of an 18 hours' broth culturs
' of pnsumococcus.
| Complement 0.2 c¢.c. of dilutions of guinsa pig's
| serum which, by titration,
were found to equal 1, 2, 3, &§, |
7, 9 and 12 hasmoclytic doses of |
complement . ‘
Basmolytic |
gyetem C+*2 c.c. of & 3 por coent suspeneion of 1
washed ghesp's red corpuscles :
sonegitisad with five hasmolytic |
‘doges of B. & W. antishssep E
immuns body . f

Sincs it is recognised that only small guantit
giss of antibodies are producsd by immunisation with
ipnaumococcal vaccines, 28, 3, 4 and 5 units of comple~
ment were used in the first investigation. The anti-;
gon (broth culturs) was heated for 30 minutes at 70”0.!
to kill the organisms. Serum and entigen controls
against 1, 2 and 3 units of complsmsnt wers always

madsa .

Rasult :

Bxamination of the tubes at ths snd of 1 hour

iat/
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| |
at 37°C. showed that ccmplste fixation up to five unit%
wae prossent in all casses including the Rockefeller
gerum. Examingtion of th2 antigen control showsd |
that 0+ c.c.. of the antigen alons fixed one unit.
Bxamination of the serum controls showed that 0-:1 ¢ .c.l
of the serum of immuniged rabbits fixod one or less
than ons unit of complzmant. O-1 c.c. of Rockafeller|
garum, howsver, fixed two units.

It was obvious that the test would have to b9
repoated using lergsr amounts of complsment befors a

complete estimation of complement fixation could be

| mads . Deducting the non=specific fixation of the

antigon (1 unit) and of the serum (under 1 unit except

in ths case of the Rockefsllsr serum), the readings
| recordad showed that ths sarum of th2 immunised rabbits
| fixed 3 + unite of couplsmont and that the Rockefeller
gerum fixsd 2 + units.

Ths teost was thersfore repeated using &5, 7, 9
?and 12 units of complemant. Serum and antigen con-
| trols against 1, 2 and 3 units wsere also put up. The
antigsn (broth culture) was used unheatad-

Result after 1 hour at 37°C.:

With the excspticn of the serum controls which
showed fixation of ons unit of complsment only
and which wers of the normal rad colour of
blood corpusclas, the corpusclss in all ths
remaining tubes wers of greenish~=ysllow colour
and chowad no signs of lysis.

This puzzling result could only ba dus tc the |
antigen, sincs the serum controls b2ing normal, obvious-
1y the serum, complement and sensitised red caells wore

not/
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not the causal agents.

It wes therefors concluded that this sxtra-
ordinary result was dus to ths living pneumoccoceci in
the antigen producing, during the two hours in which

they wers in the incubstion, a ferment which acted on

the rad cells in such a way as to produce methesmoglob
!in- Tha antishssp hasomolytic serum was rsndered in-
active, elthsr bescause of ths action of the farment on
iteslf or more probably, bscsasuse ths corpuscles them-
f solvas had bsen alisred: in coneequencs of this re-
| sult, it wag nocessary in futurs t2sts to heat thse
broth culture st 70°C. for half en hour in ordsr to
kill the organisms and destroy any fermsat already
pressnt.

-The tast was ropsated, useing a killed broth
culture of antigsn. Tn addition, normal rabbit's
gerum was tested. xy, By 75 9uoand 12 units of
complement ware usad. Serum and antigsn controls
were put up as bsfore.

Rasult :
0+2 ¢c.c. of aatigoan fixed two units of
complemant .

0«1 c.c. of garum fixed no complsmant

excopt in tha case of the Rockafaller
gserum, which fixed two units.

After deducting these non=-spscific

fixations of complement, T found thal

T




I. The serum of rabbits immunissd with detoxicatsd
vaccine fixed nine unite of complament.

31 iy Tha gorum of rebblis immunised with defettad
vaccine. fixed teon unitse.

LI T The serum of rabblts immunised with ordinary
vaccinegs fixad ten units.
IVv. Tha Rockefsllser serum fixed two units.
V. Pogled serum of normal rabbites fized ten unitg.

|

| It was a mattar of grsat importancs to repsat
‘ tha experiment, using normal rabbit's serum, sincae, 1if]
| thie non-spacific fixation occurred, ths test was

valuslsss. Accordingly, pooled ssrum from.six

(&)

apparsntly normal rabbits was sxaminad asad non-spscifi

fixation was found to exist.

In eddition, sinces it is rocognissd that altar

1

ation of the hydrogen-ion concentration of ths fluilds
employed may producs non=-gpacific effects in the tast,
the phosphats broth used for cultivating the organism
was omployed as the antigsn. Ths broth itself was
found to fix batwaosn two and three units of complamant
when used in ths tast itsslf 1.s. when mixsd with serum
and complémsnt.

The non-spscific fixation of normal rabbit's
| ssrum in the pnsumococcal complamont fixation test is

|

fsxtrama]y intsresting, and I can find no record of

this fact having besun proviously notsd. It ig of the

same/
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gams naturs as the non-gpacific fixation of normal

' rabbits, mice and pig's serum with the Wassermsnn
_antigan. An explanation of the phenomsenon is wanting%
?but it can safely be gaid that it is in no way connactr
2d with immunity. |
Finally, since normsl rabbit's serum fixad

' the sams anumber of units of complsment as did the
jserum of immunisesd rabbits, it must bs concluded that |

' no avidence of spacific complsmsnt fixing bodies can

| b3 shown to exist.

| IIT. Bacteriolysing :

Th3 serum of rabbits immunised with ordinary

iheat—killed vaccins was testad for ite bactsricidal

action. In sddition, Rockafellar garum and Burroughs

'and Wellcomo's gerum wora examined. ]

Two methods wears omployed :- :
|
I. The Plats Culture Method. '
AEg 5 The Lacy=Helst uethod.

T Ths Pleta Culture Mathod : -~

From a preliminary seriss of tests, it was

| found that not only wes it difficult to count pneoumo-~ |
coccal colonies undser ths surface of the culture madiu&,
but also the orgenism failed to grow satisfactorily in?

the deepsr layers. Accordingly, oaly a surfacs

|inoculation/
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| inoculation of ths madium was mads.

Techniqus smploysad @

(1) serum:

The test ssrum was inactivatsd by heating

| for half an hour at 55°C.  The following dilutions

of sarum in broth wore made =~

¥ in 10
Y in 300
1 in 500
1 in 1000

(2) Complement:

Fresh ssrum from normal rabbits was

: usad. The tset amcunt was 05 c.c. of a 1 in & dilut-

ion. . |
(3) Organisas:

An 12 hours' broth culturs was usad.

' The test amount was 0°1 ¢.C.

£

Into four storila Wassermann tubes 2+ C.C.

of starils broth were placed. Into sach tubs 0-+1 c.Cf.

 of culture end 0:6 c.c. of comploment dilution were

pipetted. Into tubes 1, 2, 3 and 4 wers placed 1 c.c.
of 1 in 10, 1 in 100, 1 in 500 and 1 in 1,000 dilutions
respactively of the test sarum. The tubes ware than
placed in the incubator at 37°C. for threse hours to
allow bacteriolysis to taks place. 0-:2 Cc.C. was rs-

movad from sach tuba to ths surfacs of numbsred blood

ager/



agar plates and spread with starils glass rode. From
| experisncs it was found that 1 c.c. of stsrile rabbit's
| blood mix2d with 9. c.c. of melted ager and poursd

| iato Pestri dishes mads a satisfactory culture medium.

i If, in addition, the plates wars haatad for ons hour

| at 80°C., it not only ensured starility but in addit-
ion, it turned the medium the colour of chocolats.

Tho colonies were surroundad by a yollowigh~gresn zZons
of discolouration dus to ths production of methasmoglobin,
and by means of this it was simplse to avoid mistaking
pasumococcal colonies for those of any adventitious
organisms which might be prassat.

Having inoculated ths surfaces of four platss
with 0.2 c.c. of the contents of tubes 1, 2, 3 and 4, |
the plates wers incubatsd for 24 hours whon the colon-
ies wors countsd.

The sama procadure was carrisd out with
| Rockefsllar and Burroughs & Wellcoms's immuns serum,
and normal rebbit's serum as a control.

Result :
The surfaces of all the plates warse coveread
by thousands of colonias. The colour of
the madium was greonish-~yollow all over.
No diffsrsnca could bes made out between any
dilution or any of the tast sera. Obviously
no visible sign of bactariolysis was present.
Tha serum and complament controls wers starils.

Tn ordsr that sn actual count of ths numbser

{ of/
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of coloniss might be mads, a much smallar amount of
the 18 broth culture would n2ed to bs used. Accord-
ingly, the test was raopeatad, using a 1 in 200-dilution
of the culturs. 0+:1 c.c. of this dilution was addsd

| to ﬁ- ¢.c, of broth, togethar with 1. c.c. of the tast
ssrum'dilution and 0+5 c.c. of complament dilution.
After thrss hours' incubation at 37°C., 0.2 c.c. was
roamovad froa each tube to a corrsspondingly numbered
plate and spread as before. Ths plates wera 1lncubat-
od for 24 hours whan the colonies wers countsd.

In all dilutions of both normal and immunse
serum, a good growth of organisms resultsd. From
300 to 500 colonias were presant on ths eurface of
avery plats. If any comparison could be made, it
gsoemad as if there wers more coloni=s on the platss
gproad with the 1 in 10 dilutions than the 1 in 1,000
dllutions.

From experinsmts on ths antiblastic rsaction
detsailsd later on, this was probably corract.
CONCLUSIONS:

No evidance of any bactsricidal action

could be found.

)t 0 Tha LACY~HRIST method of determining the
bactericidal pctiwvity - of coagulable blood.

By msans of this method, Heist and Cohen )
hava shown that ths pneumococcus is abls to grow in

the/
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the coagulable blood of susceptible animals, as the
mous?; whoreas, in the blood of insusceptibls snimals,

ag the pigson, growth does not occur, or is fesbla.

The techniqus :

(1) This coneists of drawing out heavy walled glass
tubing into lengths of 15 cms., heving an insldse diam-
star of sbout C+56 to 1.0 mm. Five of thess tubes ars
placsed side by side, palisade fashion, and a pellst of
plagticine moulded round them near one aad. A
short piece of glass tubing is placed over the protrudr
ing ends, thus making a convanisnt handle. Proessurs
on ths plasticine sproads ths caplllary tubes out likse
a fan. With a wax psncil a fiduciary mark upon sach
tubs, about Slcms. from ite frse =2nd, is mads. mach

tube in addition is marked by dots as in diagram -

— Glass Tube

- Plasticine

(2) 1Into five sterils Wassarmann tubes ars placed
the following dilutions of a 24 hours' broth culture
of pnsumococci -

1

nest
culturse £
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1 2 3 4 5

neat 1in 5 T1in 25 1 1In 125 1 In 685
sulturse :
(3) By cepillarity, each capillary tube is filled

with the corresponding dilution of culturs up to thse
fiduciary mark. Ths culture is themn gontly blown
out again. some organisms ars 1oft adhering to the
inside walls of the tubes.

The oar vein of the test rabbit (in this case
rabbits immunisad with heat=killed pnsumococcal veccinag)
is pricked and a drop of blood is allowsd to run up
to the mark in sach tube. Ths onds ars sealsd by
dipping them into msltsd paraffin (thus avoiding the
of fects of heat which might occur if seeled in ths
flamsa).

Ths tubes arse incubatsd for 24 hours at 37 C.
Th2 ends are then broken off and the contained mator-
ial blown on to slldas whore it is sprsad and stainad
by Gram's mothod. If the blood is bactericidal,
c9lls and fibrin will bs ssen but no organisms.
While, if thers is no bactsriolyeis, largs numbers of
organisms will bs visible, scattered through the
debris.

The tost is done with normal rabbit's blood
as a control. .

Result:/



A smear cshowing growth of Pneumococei  illustirating that
the serum had no bactericidal action.

Grams Stain, X 500.
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Rasult :

A heavy growth of orgenisms was found in
evary film. No evidencs was tharefore
forthcoming from this mesthod that the blood
of the immunised prsbbite had any bactericidal
propertiss.

TV Antipl&atic_Immugipy :

While it 1is .gsnerally beliasved that immunity
to disease depends upon phagocytic activity and anti-
bedies as already describad, Ascoll (53) beliévas
that immunity may somatimes bs dus to forces antagon-
istic to the growth of the micro-organism in the body.
Dochez and Avary e gtate that anti-pneumococcal
sarum exorts an inhibitory influencs upon the growth
of pneumococci which they belisve is directed against
the ferumsnts producsd by thess bactsria. By this
meansg ths nutritional processes, on which the growth
of the organism dopends, are unfavourably influsncad.

From the investigations already described, it
is clear that highly protective antipnsumococcal sserum
appears to be deficient in antibody content, and it
was therofore highly important to ses if ths protact-
ive value of the immuns serum wasg duse to ite anti-
blestic action.

Rockafallar and Burroughs 2 Wellcomes' immune

sorum/



serull, both of which are highly protective, wers
chogen asg the tast gsra. Normal rabbit's serum was

used as thse control.
The Test @

Six sterilse Wasssrmann tubes wers placed in
a reck. Into 9ach of them was put 2 c.c. of astarila
broth and 0.1 c¢.c. of a 24 hours' culture of pneumococci.
Into tubes I. and II. wors pipatted 06 c.c. and 0-1
c.c. of inactivated sterils Rocksfellsar serum: into
tubes IITI. and IV. were placed 05 c.c. and 0:1 c.c.
of insctivated sterils Burroughs & Wellcowme serum:!
into tubes V. and VI. werse placed 0«5 c.c. and 0.1 ¢c.Cc.
of inactivated normal rabbit's serum.

The tubes wers incubatsd for 24 hours at 37°C.

Basult

A naked ays oxamination appeared to confirm
the conclusione of Doch9z and Avery. Tubes V. and VI.
containing normsl rabbit's gerum, showed a heavy growth
of organisms,-ths broth being turbid and opaque, whilse
the tubes containing the immune sera showsad the broth
to be perfectly clsar. At the bottom of the tubss a
heavy white .gsediment was lying.

Films ware mads of the supsrnatent layers of

broth/



broth and examined microscopically. Ths naked aye
obgervations were confirmed, since no organisms wers
found in the films made from tubes I. to IV. whils
the. films of tubses V. and VI. were showing a heavy
growth of pnsumococci. #¥ilms were made from the
gadiment at the bottom of tubse I. to IV. ; a micro-
scopic examination made ths sgituation clsar. Enor-
mous numbers of pnaumococcil ware sss9n in largs masses
and clumps: the organisms were growing in chains.
Chain formation is found to occur when any organism
ie grown in its own homologous anti=-serum. (e.g. B.
typhosus)

An sxplanation of these phenomsna is obvious.
The immune sera had agglutinated the orgenisms but
had in no way affected their growth. Instead of
growing evenly through the whols of ths broth, they
wers growing at thes bottom of ths tuba. Cultures
made by pipetting some of the sediment on to coagulat-
ad blood slopes showsd that the organiems.wsfa as
viable &g those growing in the normel rabbit's ssrum
broth. liorsover, the secretion of fermsnts by the
organism with the production of methsemoglobin was in
no way altered.

The experimsnt was repsated ssveral times.

CONCLUSIONS :

No/



No evidence could be found that the prosonce of

immune ssrum inhibited the growth of pnsumococeci.

v OPSONINGS @

In this sxporiment the thres comstituente were: -

&
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Human leucocytes.
Emulsified 18 hours' chocolats slope culturs

of pnsumococei.

i

Serum ¢

Equal volumss of sach of the above thres con=~
stituents, thoroughly mixesd and incubated in a drawn

capillary pipette for 20 minutes at 37°C.:

(a)
(b)
(c)
(a)

Rockafallsr.
Q0'Brien.
"I mmune"

from Rabbits 88, 90, 91.
Normal Rabbit's Bsrum.

The tachnique of Wright was employed.

films wers

made from the blood and steined by Leishman's method.

The numbsrs of cocci ingested ware as follows :-

1st . Experimeant

Normal .
Rocksfellar .
O0'Brien .
"Immune" .

2nd. Experiment

-

Normal
Rockefsallar
0'Brisn
"Tmmuna"

The opsonic index of the serum of rabbits

jomunised with hsat-killed vaccines appeared to be the

same/
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sam? as that of normal rabbit'e assrunm.

When Rockefellsr immuns serum was tested,
there appsared to be a definits increass in the
numbars of ingested pnsumococci per lsucocyts than
in the contrdls. The phagocytosie, howsaver, was
not markedly increassd and the conclusion I came to
was that if opsonins were present they exist in very

gmall amounts.

I. The serum of the immuniesd rabbits, though
highly protective, was dovoid of all
entibodiee on which protection is
gansrally supposed to depand.

II. Since dead pnesumococcal cultures are highly
toxic, it seoms not unlikely that a
partial explanation of ths protective

gfficiency of the serum lisg in its
baing W powerfully.

TUBTRCULIN/
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TUBERCULIN TREATUENT

IN

—

EXPERIMBNTAL TUBZRCULOSIS.

Chapter I.

In visw of ths claims made by ceortain clinic-
iane in favour of tuberculin therapy, the absence of
exparimental proof in support of this form of trsat-
ment is speacially eignificant.

In 1891 Koch published his fundamental re-
searches on tuberculins which wers the starting point
and are still today the basis of tuberculin therapy.
He claimed to havs cured experimsntally infacted
guinea pige by injections of tuberculin. Thirty-
three years have 9lapsed and thess results havs never
bsen confirmsd. Koch's claim that he had at last
found a specific cure for tuberculosgis was recsived
with hopsful anticipation. Owing to indiscriminats
use and oxceossive dosage in its clinical trials, the
greatast disappointment resulted. Many years of
clinical investigation was necsssary bafore tuberculin
treatment was placed upon ths scientific foundation
upon which it now rests. Tho apparent discrepancy
between ths clinical and laboratory findings may be
explainad by a study of sxperimental tuberculosis in
laboratory animals.

The/
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Ths failure of tuberculin as & spscifi:c and
cartain cure is now universally gdmitted. In fact,
it is opsn to question whather tubsrculin therapy
possesses any real valus and whether ths favourable
rasults claimed from its uss ars not dsrived from
gonsral sanatorium rsgims. The majority of tuber-
culosisg sgpecialists, howaver, state that tubsrculin
treatment is of undoubted valus, but even ites moat
ardent supporters advance ite claims with certain
important resarvations. Clinical experisnce ie
essential if satisfactory results ars to be obtainsad.
The physicien must take into consideration

(1) Ths sits and extent of the lesiom

(2) The type of tha disease, whether acute or
chronic, stationary or spreading,
fobrile or afsbrilse.

(3) The general health of the patient.

Having assassed all the availabls svidence,
hs mey them be abls to judge the correct dosagd.
After each dose the local, focal and gsnaral reactions
must be considered befors sstimating the next. No -
two cases can be treatad alike and success is eseent-
1ally a function of oxpsrisnce: for no benefit will
accrus if the cess is unscientifically haendled, butb

actual harm, or sven death may result from an excossive

focal/
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focal resction with aggravation of the lesion and
congaquent garious systomatic effects.

The difficultiee of ths laboratory worksr,
who attempte the tuberculin treatment of sxperiment-
ally infected animals (92.g. guinea pigs), can thus be
understood.

The appropriats initial dese, ths subseguent
onas and the intervals betwessn thsm can ounly be
agtimated empirically. Littls or no information is
known regarding the roactions of the animalsg to the
antigon. Moreover, for any immsadiats conclusions to
be drawn from ths soxperimental results, in order to
aliminate the fallaciss dus te widé individual variat-
ions, a coneiderabls number of animals must bs used.
Thue in any schsme of experiments in which batches of
animals are treatsd with ths same doses at fixed
intervals, the considsration of sach individual case
on ite own merits is lacking.

In addition, thers are further difficulties.
While it is well recognisad that the guinea pig 1s
extremely susceptible to tubsrculosis, only those who
have actually carrisd out sxperimental work on the
subject can realise to what oxtent individual guinea
pigs may vary. Thus in the publication of the Royal

Coumission/
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Commission on Tuberculosis, it ie stated that in one
batch of animalg injsctad with the same doss at ths
sam® time, ths survival periods varisd from 39-244 days.
In ﬁhe axperimente about to be described, it varied
from R1~180 days. In other words, a definite minimum
lathal dose acting within a rsasonable time cannot be
establishad. Anothar fallacious statsmant which is
constantly being made 1s that if a guinea pig has
tuberculosig, it progressively loses wsight. This
only occurs sither when the animal is extremsly sus~
coptibls or when the dose is excessive. In the event
of the animal having a moderates resistancs, or when
the doss of tubsrcle bacilli is smail, it may steadily
gain in weight. These two states can be seen in ths
cherts published in this paper. Bventually, however,
whon th2 tubsrcls bacilli haye overcome the resistanca
of the animal and the infection has becoms widsespread,
thers is progressive loss in weight, followsd by death.
Brronsous counclusions, tharefore, may be drawn if thess
facts are not realised.

A further important considseration in evaluat-
ing experimental reosults is the following :-

Tt must not bs taken for granted that, bscauss
a discharging ulcer dries up, or a lymphatic gland,

proviously goft, becomss hard and shotty to the touch,

or/
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or fibrosis is seen on microacopic examination in an
organ removed at a post-mortem, that these observations
indicate general hesling, much less cure. {ettls {}Y?/
cleafly showed 1in his papsr on the criteris of curs
in experimentally infected animals that, in untreated
- guinea pige one gland ﬁight be fibrosed while the next
Wae Casaous: that even in one orgsn, such as ths
spleén, one part might sdxhibit signe of healing whils
in anothsr arsa thers ﬁaa active spread: that on
careful microecopic sxamination, patchss of activs
dissage might be found in areas of fibrosis. It
short, it is typical of tuberculosis that ths disease
heals in ons area whils it spreasds in another. |

In consequence of thase pathological findings
in untreated guinea pigs, fibrosis indicetes only thet
e cortain amount of cure hag taken place in the area
examined . It does not contra-indicate the evidencs
of active tuberculosis slgewhsere. In my experiencs
of the disease in guinea plge such activs lesions will
invariably be found. The only proof of curs is ths
survival of tresated animals with death of ths controls.

These cconsgiderations indicate the difficultise and

fallacies/

*Reference : The criteria of cure in tubsrculosis of
the Guinea Pig. Lancet, 1924. 1. 68.
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fallacies in any attempt to estimats the vslus of

. tuberculin treatmsnt in expsrimentally infectsd snimale.
The observatione to be described form part of

a mors sxtensgive lnvestigation into the affact of

physical and chamical processes on the antigsnic valuas

of bacterial vaccines.

ObJjecte of the Investigation.

Guinea pigs were injected with living'tubercle
bacilli end then treated by varlous vaccinss of ths
tubsrcle bacillus in ordsr to ascartain

(1) whether benafit or curs resulted, and, if
80, which type of vaccine was the most

efficicnt.

or (2) if actual harm resulted.

Vaccine ussd.

Tt was originally intsaded that thres types of
vaccine should be tegted : -

I. The ordinary heat~killed saline bacillary
emulsion ;

II. A detoxicsasted vaccine;
III. A defatted or diaplyts vaccine (Dreysr).

As no undiluted diaplyte antigen could be
obtained from the Oxford laboratory, the work on this
vaccine was held over. Since then, however, Kettls
has investigated this question, using undiluted diaplyte
sntigen, and has kindly allowed me to quote his results.

The/
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Ths Ordineary Vaccine (Bacillary Smulsion).

This was prsparsd by growing a recently isolated

strain of the human type on Dorset's egg medium. Ths

surface growth was removed, woighed and evenly smulei-

fied in salins so thst sach cubic centimstre contained
1l mg. of heat~killed tubercloe bacilli. By meang of

dilutions, ths requisite doses weres made. This

vaccine will ba raferred to as the "Bacillary Bmulsion! .

Detoxicated Vaccins.

A sub=~culture of the =same streain used for the
"Bacillary Smulsion" was destoxicated by Dr. David
Thomson, ths originator of the detoxiceating process.
He praparsd a vaccine containing the alksll soluble
productsg of the organism, each cubic centimetre re-
prosenting 100,000 million bacilli. I am indebted to
Dr. Thomgon for making this and other detoxicated
vaccines and for his continued interest in thsse in-

vastigations.
Bxperimsntal Animals.

Forty-five guinea pigs obtalned from the samd
source wore waighed and divided into three groups
(&, B, and C.) of fifteen sach. On Decembor 15. the
animals in group A. racsivsd 1%5 of mgm. of living

tubercle/
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tubercls bacilli subcutaneously in the groin.

Likewise group B. racsived 5%5 of & mgm. and group C.
1

T mem . Owing to the severe cold about Christmes

time, several animals in sach group died. This was

in no way connscted with the injsctions aeg numerous
stock animsls also died at the esme time. Only thoes
animals surviving for a minimum of thres wesks are
included in these results. On Jenuary l1l8. two guinea
plgs died, showing definits avidencs of tuberculoeis.
Treatment was then started, i.e., one month after ths
injsction of living bacilli. Bight guinea pige werse
loft untreatead as controls. Nine were treated with
detoxicated vaccine and sight with the bacillary
smulsion. The enlimals were weighed and injected with |
progressively increasing doses at waekly intervals.

Th? resultg are shown graphically.

In every case tubsrculous disease was present
sither when an animal died after progressively losing

weight or was killed after continually gaining wsight.

The guinea pigs which died in a comparatively short

time showed very edvanced disease ian svery organ, while

' the animals killed at the and of the investigation

'only showed sarly leeions. The investigation was

concluded/
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concluded on iarch 26., i.e. about 100 days after the
injection of living tubercls bacilli. With the
excoption of thres enimsels which were kept to ascertain
the length of their survival, all remaining guinsa pige
wore killed and thair organs subjectsd to microscopic
examingtion. Thoee animals, despite ths fact that
palpabls inguinal glands ware present, appeared to be

in good hsalth and had increased in wsight .

Gxamination of thse Weight Charts.

Bxamination of ths wsight curves of the 17
treated guines pigs éhows that no bensfits have accrued
and no immunity has besn producsd. In fact, ths re-
versge is the case, as the eight control animale show
the largest proportional gain in wsight. Tha follow~

ing tabls clsarly indicatee the results :-~

Averags Wsight Averags Percentagse
| in grams Gain Gain
or or Loss
Bafore After Loss

Treaatment (Trsatment

Contrecle. 257 487 + 13%0 4+ 387%
£ Guines Pigs

Detox. Vaccine P v 57
9 Guinea Pigs 4% 461 14 f

8 Guinsa Pigs |

on/
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On examination of the tabls of weights of
control enimals compared to animals treated with diaplyts a

antigen, published by Kettle, corresponding results

| are sgssen -

Average Wejght
_—u—*u-—h——-—-m-— —
( in grams Average Percentage

l | Gain Galn
i Befors After or Loss or Logs

Treatment Trestment

Diaplyte. i
10| Guinea Pigs 445 - 394 -—51 - 11%
Contrels. ;
10 Guinea Pigs 304 | 424 + 30 + 8%

- ——

Thug, in Kettle's geriss the controls ars 19
per cent better then the animale treated with diaplytse
entigen. In my serieés- the controls are 31 psr cent|
bstter than the animels treated with detoxicatad
vaccine and 28 par cont better than the snimals
immuni sed with the bacillary eumulsion.

Microacopic Examination.

No microscopic examination was necessary in any of
the animals that actuslly died from the disease, as
the disease, sesn by thoe naked sys, was in a vory ad-
vanced state. Carsful microscopic examination was

made/
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of Control Guinea Pig inoculated with Tubercle Bacilli,
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SPLEBEN ' LYMPH GLAND

. of Guinea Pig treated with bacillary emulsion tubercle

vaccine and then ‘inoculated with Tubercle Bacilli.
[ ]



2ll.

made of tha organe of all the animale that were killed
:on March 25 . It will be remembered that, although
all these animals had palpable inguinal glands, their
ganeral health was apparently good.

The lesions found in every animsl, treatsd
or control, were identical. Ths livers were the
least affectad, the lung next, while the lymphetic
glandeg at and adjecsnt to the site of infsction, and
tha spleen, were the most involved. Fibrosis %was
absont and the pathologlical chenges wer2 of tha-pro—
liferative cellular type. It may be safely said thsat
the microecoplic evidence points to the lesions being

of roacent origin, the infection having been localigsed

shortly bafores the animals were killsd, the infection |

to the geat of injection for a considsrabls period.

had bacome systemic and probably during the next 4-8 |
woeks a steady loss of weight followed by death would

have occurred.
A comparison of the sections of organs of

treated and untreated asnimels shows identical lesions.

Photographs of sections of lymphapic gland

(1) a control guinea pig, and .
(2) animsls treated with a detoxicatsd
vaccine and a bacillary smulsion

are shown to illustrate this fact.

and splsen of

The animals, whon killed, all weighed the

same, namely, B70 grems.

CONCLUSIONS/
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As judged by body wsight, ths period of
gsurvival, and microscople findings,
tubsrculin treatment in guinea pigs
with experimental tuberculoeis is not
only insffective in controlling the
infection but is even harmful.

Chapter II /
The/
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Chapter II.

The Oomp}ement Fixation Test in Tubsrculosie.

It is gensrally admitted that ﬁhe diagnosis
of tuberculcus dideass in its early stagss ie a matter
of the gresatest difficulty. Furthermors, sincs ths
arrogt and cure of ths disease dSpSnde tc a greoat
oxtent on sarly diesgnosis, any laboratory method which
will help the clinician in arriving at a definits
getlsion is worthy of the most careful trial.

Much bensfit was expacted from the complement
fixaticn test, and it was hopsd that just as the
Wassermann reaction when psrformed by compstent sero-
logists may ba rsgarded as giving definite proof of
the presence or absencs of sgyphilie, eo the complemant
fixation test in tubsrculosis would show whather =a
patient was infected with the tubercle bacillus or
not .

Unfortunatsly, the results have not come up
to expectation. Ths axplanation of this liss in the
fact that the tubercls bacillus produces only a very
limited amount of antibodiee. The detection of small
Quantities of complsmont fixing antibodiss is liapl?
£ B Eranabt with wany Tallselens  Nfamc Gnttn L)
after examining the published results of thse leading
authorities on this tast, states that the position as

regards/
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regards the valus of thse complsmant fixation tast in

tuberculin may bs summed up ae follows :-

Tis That in clinically active cases in which bacilli
aro found in the sputum, a positive rsaction

will be found in 85 to 95 par cent.

6 In doubiful cases, only 40 to 50 par cent give
e positive reaction.

ILT. Repeated negativa results ars presumptive evid-
enca 8ither of the absencs of tuberculceis
or that the lesions ars inactive.

Iv. Repoeated positive results are presumptive evid-
encs of tubsrculcoeis.

V. The intensity of the rsaction bears no reletion
to the patient's power of resistancs or to
the degrse of tha severity of the infection.

Barly active cases may give a strong positive
reaction, while paﬁiants dying of the diseasgs may givs
a negativs rasult. It must, therefore, be asdmitted
that ths test has been unsatisfactory since it gives
little information in the very class of patisnts in
which diagnosis is difficult.

Sincz the tubsrculous complement fixing bedy
oxists only in small amounts, ths investigators, from
whom ths abova conclusions were drawn, usad as thsir
tost amount of complement 2, 2% and 3 hasmolytic dosss.
The fixation of thra2 un;ts of complsment ie regarded

as a strongly poeitive reosult.

Whils admitting the difficultiss, I must

smphatically/
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emphatically stats from psrsonal experience that
complsately fallacious results are liesble to occur when
the fixation of two unite of complament is coneidersd
to be dafinite evidence of tuberculous diseass.
. In order to obtain good fixation, it is
nacogsary to usgs ths most ssnsitive antigsan possible.
ccordingly the following investigation into tha velus
of different antigens was undsrtaken ¢~
On Dec. 15 - 1C rabbits wsre weighsd and injectad
intravenously with 1 mg. of living
100
tubarcle bacilli (human typs)
On Jen. 20 =~ 4 animals wers trsated at weskly
intervals with a heat-killed salins

emulesion of tuberclse bacilli.

3 animals were troeated with datoxicatead
vaccine made by Dr. David Thomeon.

3 gnimals ware laft untrezted as
contrcls.

Tebls I. showe tha dosses of vaccinss inject-

ad .

TABLE I./
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TABLE T.
1 Jan . Feb. Feb. Feb. Fab.
| ‘ ‘ 11 18 . 26. Total
2 |
Sarial numbsr Immuniging ‘
of vaccine | E
rabbits.
| |
(Tr”mg living | :
tuberclas g 1
bacilli in- 1 mgl. 1 me. (1 B6+ 1 g Egg“m8'
t Jacted Dec.15| Heat-killed |3ggg | 500 100 50 : .07 3mg
000
I. bacillary
smulsion.
2 ) P sach c.ci con- " 4 " i " "
tainsad me,
YT : MR 500 5 n " " " " 1"
of drisd tubser-
IV cls bacilli. 1" " " " 1 "
V. Detoxicated 0«01 0-1 0+8 0.4 0 -8B 3 i O c.c
vaccine . = (110,000 §
VI sach c.c. con-| " o B 2 i millim1
tained 100,000 bacilli
VII & TIli llion nn " " "t "
|
VIIT. | |
|
IX. !Controls |
X. ‘
| !
Table II. shows th3 woights of the animals

from Dac . 1B6. to HMaroch 10 .

TABLE II./
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Fhs Sarig% number | Dec. 15.| Jan. 14. Fob. 4. Feb. 25 | March 1OK
| ___Rebbit. [
! |
T 1800 1790 1700 1970 2000
| II. | 1470 1520 1420 1420 1500
i e e | 1340 1350 1350 1360 1450
V. 1320 1370 1450 1820 © 1890
| V. | 1250 1200 1300 1420 1540
| VI. . 1700 1740 1700 1800 | 1890
| VIT. 1100 1270 1170 1190 1300
VIII. | 2240 2350 2400 2200 2470
IX. | 1650 1680 1600 1770 | 1840
. | 26650 | ' 2620 2500 2370 | 2670
I | |

Nota :- Woight in grammss.

On kdarch 10., as all the animals wsre in
perfect heslth and no appsesrance of tuberculous disease
was presant, onse animal from sach group was killed and
its organs examined for evidencs of tubsrculosis. No
1esions of any description could b2 found, every organ

| being in a healthy condition.

Accordingly, ¥ c.c. of an smulsion of living
tubarcle bacilli containing about 1000 million psar c¢.c.
(as judged by opacity) was injected subcutansously

into/



into the abdomens of the ssavsn remaining rabbits. The
strain of tubercle bacilli smployed was tha same as
usad in ths injection of ths guinea pigs and rabbits
alraady described. The orgeniem was a rocently isolat-

ed strain of tubercls bacillus of ths human type. i

GBxamination of the sites of injection at the end of

24 hours showed the formation of a lump surrounded by é
od deme. and rednssg. In 48 hours the o2deme hed dis-
app2ared and thers remained a lump the size of a amallj
hazsl nut which becams progressively hardsr and harder .
Two months later, the animals ware still apparently inf

parfect hsalth. They were killed and examinesd for

glgngs of internal lesions. No evidsnce of diseasg9

could be found. Sactions of the lump at the_site of
in jection showsd enormous numbers of tubercls bacilli
lying in dense fibrous tissus.
| Thie sxpsriment shows the high degrss of
Ammunity which rabbits possess to ths human typs of
tubsrcls becillus.

Bxamination of ths serum of thse

immunised rabbits for antibody
contant .

I. Agglutinins : Nsither the serum of the
rabbits or guinea pigs immunissd with the various
tubserculins showed any agglutinin contsnt even ﬁhen
used undiluted.

T ./
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II. Coumpleausnt Fixing Bedies : Using Besredka's

antigen, the serum of both rabbits and guinea rigs was
tested by the complemsnt fixation test.

Provious to Jan. 29, whan treatment startad,
hegative rasults were obtainsd. The tests parformed
on Fsb. 11, 18 and 25, showsd that fixation of thres
units of complesmsnt occurrsd after allowing for the
anticomplementary sction of gerum and. antigen. This
production of spacific antibody was dus to the immunisst -
ion and not to actual dissase sincs post-mortem examinap~
ion feiled to bring any tuberculous foci to light.

From mors recent work on the mserology of
normal rebbitg, I fas1, howsver, that these results
| _
would nsed to bs repsated and more careful controls
instituted. I have already pointed out how normal !
rabbit's serum may give a positive Wassermann reaction
and a positive pnsumococcal complomsnt fixation reactioh-
T have aleo obtained evidence of thie occurring in the
complement fixation test for tubsrculosis. Until this
matter isg cleared up, no great wsight should be attachsd
to the finding of fixation of thres units of complement
in the above experimentg.
| An investigation into varicus entigens

in the complement fixation test for
tubsrculosis.

sines the difficulties and fallacies of this
tast 1lis in the fact that ths limited amounts of antibody

produced/
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produced fix only small quantities of complsment, it ie

ossantial that the antigen smploya2d should bs as sanai}
tiva as possible. It is roacognigsad that not asvery i
strain of tubercls bacilli possassoa aqually good !

fixing properties. In addition, wvarious obssrvars

racommend different methods of making the antigen.

Some recommand that ths orgsnism b2 used in the living
gtats, bolisving it to boe mors seneitive in this
condition. Others bslisva in allbwing much longsr
tims for fixatlon te occur and hencs recoumsnd what is)|
callad the "ice chest mathod".

I determined, thersafors, to lanvestigats some

of these problems.

(47)

classifiss the various

antigens in uss into four groups :-

Group T Comprisss those which consist of ths
whols or ground up tubercla bacilli!

o II. Antigsns which may be classifiad as
EX tuberculins.
" ITL. Antigans coneisting of extrects or

derivatives of tubercle bacilli.
i IV. Axtracts or preparations of normal
and tuberculous tissusgs.
Tt is gensrally agresd that antigens belong-
ing to Group IV. are unsatisfactory in every way and
are now seldom used. Antigens in Group II. arse like-

wigse/
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' likewise unsatisfactory as thsy are nsither sensitive
nor rsliable. In addition, Miller stat9ss that non-
specific results ars liable to occur, especially with
the ssra of mnon-tuberculous syphilitics.

Most observers baeliays that antigens of Group
I. ars ths bast.

Ths following antigans wers sxamined : -

I. Th= strain of human tubercls bacilli, used for
the purpose of immunisstion in thes iavsstigation al-
roady described, was subcultured alternataly on Dorsst | @
egg maedium and glycsrins potato.

Aftar incubation for slx wseks, the growth was
romoved to an agats mortar and ground up with saline
which was added drop by drep until an sven emulsion
ropultad ¢ This antigsn will bs known as "Dillon".

IT. A subculture of the "Inman" strain of tubercls
‘bacillus was obtalned. It was smulsifisd in a similar
‘mennor. Thie strain is statsd to have espacially goo@
:fixing proportiss. |
IIII- Besrodka's antigen : This is made by growing
the bacilli on special sgg-yolk madium. It was supp-
1iad by the Zseland Trading Company. The antigen
contains both the msdiur and the bacilli. To the
naksd 3ye it has the appearancs of watsr, bging quite

clear./



cloar. On microscopic examination, the bacilli ars
seen to occur in modsrats numbers.
Antigens T. and II. were tagted unheatsd and

aftor heating for half an hour at 80°C.

[|Serum ¢ cerum was obtained from thres patiasnts
with clinically active tubsrculosis of ths lungs.
‘Tubercls bacilli wers pressnt in their sputa. Bx~
aminad by ths Wasssrmann roaction, they all gave nogsa- |
tive rasults. This is important and nacessary as
non-gpacific fixation 1s vary apt to occur bstwaen the
two disoases. As high as 30 per cont of positive
Waesermann sora of patisnts with no clinical sigas of
tuberculoéis give a positive complsment fixation tast.
\From proliminary invastigations, 0:1 c.c. of serum was
found to be thse optimum amount that could be used in |
the tast. This amount was rarsly anticomplementary

to more than one unit of complement.

Comploment and Haemolytic System.

The sam2 method and materials as previously
dascfibsd wers smployoed, namdsly, guinsa pig's serum and
a 3 psar cont suspsnsion of wasghsd sheep's c2lls gensit~
ised with five hessmolytic doees of Burroughs % Wollcomas
Tomune body .

The Test Propar

.



I. Having finished & prsliminary complsment,
serum and antigea titration, ths complement fixation
test was performed. The serum from the three patianté
was poolsd and 0-1 c.c. wag the test amount used.

Tabls III. shows tha quantitises used and the
result |

TABLE IIT.

Row T.

Tubes : | [

Poolad ' |

Human Ssrum g g ol 0 28 es i | DR, T
1.tn 8

dilution '

Complement

Antigen (Dillon)

2 units| 3 units | 4 units l 8 units | 8 units |
|
|
I

0‘2 C +C 0.2 C.O-I' 0'2 C «C o

0'2 C .Cos O'fg C +C .

Incubation 1 hour at 37°C.

Sengltieed collg(0°:83 c.cq 02 c.C.| OB c.c.i 0:2 c.Co|l O
| |

Rogult aftsr Onse f

Hour at 3%7°C. 0 0 : 0 0

Antigen countrol : 02 of antigen flxed 1 unit of
complamant .

Sarum control: 02 of 1 in 2 dilution of ths tast
ggrum fixed just undsr 1 unit.

Result 8 units were fixed in ths test.
Since antigen and sorum fixed 1 unit

each nonw~gpacifically, these must be
deductad/
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deductad from the total fixgtion.
Final rsading

Spacific fixation by ths serum of four
units of complsment.

The test was repsated with the "Inman"
entigen and "Besredka" sntigen.

Th? final readin%g wara -

I. specific fizxation with Dillon's antigen
- 4 unitg.

TT. o 4 " Inman's antigen
- 65 unitsg
3 5 H 2 " Besrsdka's antigen
i ﬁ 'Ll['lite .

Tha tagt was rapeatad with differsant sera
from active cases of tuberculosis. The result was
invariably th? same.

Tn this test the Inman and Dillon antigens
had been heated for half an hour at 80°C. to kill the
bacilli.

CONGLUSION ¢
Basredka's antigen is ths most sensitive.
In addition, it is the loast anticomple-
:mentary of any antigen I have tosted.
II. Dogs a living organism maks a mors senesitive
antigen ? This question was answarsd by rspeating
the test using Inman and Dillon antigen in ths 1living
state.

Eesuyg .

No/



0
e}
n

No differsnce in fixation between the living
and desd antigene could be found. Dillon and Taman's
antigeng fixed four and five units of complemsnt re-

gpectively whether alive or dead.

Since no object was gained, and as there is
conpgidserabls danger of infectlon when grinding up |

living bacilli, I always used the antigen dead.

IIE. Doas the "Ico Cheet iethod" increass ths
degraa of coumplement fixation ?

To test this thesory, two racks of tubes con-
taining serum, complsment end antigsn in ths amounte
stated in ths previous pages wers incubated at 37°C.

Rack I. was then romoved to the ice chest.
At the ssme time half tho sensitissd cells wers placsd
in the 1ce chast.

To the tubses in rack II., sensitiaéd cells

were added. Aftar one hour in the incubator, the
rosults wers recordad. Next morning, soms fifteen
hours later, rack I. was removed from ths ice chest
and 0°2 c.c. of tho gsensitiged cells was added to sach
tube . Th2 rack was then placsad in ths incubator.

Ths tubss wore sxamined at five minute intervals. Ag
goon as tha serum and antigen controls showsad complat3

lysis, the results for tha test proper wero recorded. |

| This/
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This usually occurred in from 15 to 30 minutss.

Result @ Ths "ice chest method" intensifisd the

3 - fixation by at least ona unit of compls-
msnt . It was found that whers the tube
containing eight units of complsment
showad only a tracs fixation by the usual
mathod, the "ice chsst method" gavs com-
plete fixation. '

In definitaly positive casss, it was unnecessa£y,
gincs a satiefactory reading could bs made with the
crdinary method. | In the majority of casas no banafiﬁ,
in proportion to the extra time and trouble requlred, |
wae forthcoming from the "ice chest method" . Oon the
other hand, it might be of undoubted value in thoss
casea in which only small smounts of complsmant wers

fixed.

CONCLUSIONS @

T Ihs complament fixation test must be con-
gidered to be only of limited valus in
the diagnosis of tubsrculous disease.

IT. As judged by all standards, Besrsdka's
antigen appears to be the most satias-
factory.

GENZRAL/



CITART f.

GR 45 CONTROLS — s CRAPHS oF BODY WEIGHTS oF GUINEA /VGS

LS8 6.)8/0.42./3. /¢ Lackh Gormea Prgs
G R 6.6. DETOX/CATLD e Injecied with 700 1G. of Living Tobercle Bacive
G R J/RIS DEFAITED e on 15/s3/25.

/€€ of Delox. 7B. Vaccrne. = S0G000. /SFriidion .
1.CC. of Baceittary Lmulsion = To0 /76 Dried Bactll,

TRAVIITES WE/e/?T.

Deloxrcaled Jaces/ne Q47 . cc. o/ CC -d5 Cc. LCe: -2.cc. 4. . 8. Ccc
A A il s Sl e —
&uanxx\%v\ Lmnolsion 700, 000./7 G. 70 000 16 5. 00040, 4000./76 100./76. 50./76 Mm.h /4

foo.

Jo0. | Lnieciron mm Jibercodin . y v v Y . L

boo. - N\

Joo.

400

DECSS TAY.E. Ty s TAN2S TR E. FEE 4, FEB L. A8 s L8PS SR 5. A5 /2. Aok /E o 05T



CRAPUIES WESGCHT .

F00.

700

B00.

FOO.

300

200

DECAS,

CHART 2.

GFP /6./7 CONTROLS — e GCRALPHS oF BobDY WE/GHTS OF GUINEA F/6S
4 4 , Y
GR 27.2930. DETOX/CATLD e \m..\w w A4 .mw. .m.» mw_.m,ww hxw. w%.& Q\.\
/nyeeled wrt o0 MG \..\\uw\ vbercle BLacy7ie

GP 192,24 TBE o8 asigfes,
1.ce. Qm Detox. T8, Vaccene = JOQ 000 Hrlion
/€€, Wn BaceiiZary Limwolston = 50 /7.6 Dried Bacdllc.
Defoxccaleq Yaccene 00/, o/ €x. s, 7. e, 2 ac. Y S o «Sce.

/ Y S e i e
BaccPazy [fomolsion mMMM...E\N& 73 000126, q,w.umuﬁma..eh 7.000. /4 6. J00. MG |.uL.Wu\NQ. o5 Mo,
lriecdre Tuhercolin / s Y \
s of BER / [t
e s
<co
T ———
e o, s ) = e
\ — =
| L
\ I.|.I_\\|!\|\\\ \.Illlllull.llllllll .....\ =l
o232 : < L ~
e e s
=
Lo,
T B TAN L4 TN L THN28. FEE & =G A - /&8, /8. /€A, 25 Mok 4. Aag 1D MaR IF. AR L5,



GCP T/ 32 38 4/. CONTROLS s CRAPHS OF BoDYy WE/GHTS OF
G.R 33 42 23 44 DETOX. VACCINE. e CUINER FIGS 3/.3233.36.37. 38 4. 42 43544
G PR 36 37. DEFATTED VACCIYE . e Lfach lnjected with 7360 4.6 w.n\\..b“.\
Jobercle Bacill orn \u\\“h.w.
lcc, of Deloxscaled Vaccrne = /ogooo S7iljon
: o [—E
CANIIIES WEIGHT: LCC. of Baciiiary Fmols/on 700 ST G
Deloxicaled Vacerne g0/ ec. o/ ¢C. ‘0. €. /.ec. ‘Z2.€C- “4ce. .fcc
= Ihll y -
Bactliary Lmorsion /00,0004 6. m@nmmu\nm. \uu.\mmluk..\‘. 7000 £ 6. m%m(ﬁ? Gors 25 Mo
foo. /nseclron of Zvpercolsn .

Joo.
b00. =i = l\
= \ = \ Temee 0l

.l\l\ ) e =

\\- i |\
=

E \\HH\
Joe. ansh | — el

L2eo0.
DEcss JAY. & TAN 1 TR 2S. Tan .25 FEE 4 SEB M, FEB/E. e s sl : A




227 .

GENERAL '~ CONCLUSIONS .

T By means of many animal experiments, &

Ethorough investigation has been made into the principlas

upon which our knowledge of immunity is based. The
gonaral conclusion I have drawn from a considsration
of the investigation as a whole is, that the question
of immunity is of such groat oomplggity that only a

fow of the most slsmentary detalls are understood.

| If no benefit, other than the rsalisation of our

ignorance and the difficultiss with which w® have to
contend, resulted from this work, I should still bse
satisfied.

I have hoard well kanown cliniciens lecturs
to students on the subject of infection and immunity

in guch a way that ths audisnce must have belisved

that no doubts now remained about the methods by

|
|
| that the subject had beseun complstely investigated end ‘
|
|

which a patisnt overcomes an infection. From the

rosoarches describad in Part II. the real truth is,
that ﬁa are not in a position to dogmatise on even the
gimplsst immunological rsaction. For instance, from
the experiments preparsd with B. suipestifer vaccinas,!
we saw that immunised animals could poss9oss largse
amounts of antibodies and yot show no immunity to a
lathal dose of living organisms. On the othser hand,

in/



in the pnsumococcal investigation it was shown that
animals could possess a higﬁ degres of immunity with
an apparsnt absence of antibodiss. While lastly in
ths tubsrculin investigzations, animals which had been
immuniged with largs quantities of tubsrculin appaareé

ﬁffljTi.fffifgﬁi?liﬁggigf}fDFhs infection and also to
produce vary limited ;ggﬁats of antibody. The
corralation of such facts is at preasnt bsyond our

| powars. My plea is that we should reinvestigate tho

' whols problsm of immunity from tho very\beginning.
Let us freely admlt our ignorance and ths difficultieé
of the subjsct. Carsfully controlled researchss will
unravel the problems and, when a solution is forth- f
coming, the whole therapeutic fisld of medicins will |

be revolutionised.

II. Apart from a gensral investigation into
ths problsme of immunity, I set out to discover if
the physical and chemical processes smployed in ths
| production of detoxicated and defatted vaccinas affect-
ed the antigenlc values of thase vaccines. Fortunate-~
1y, & definiteyclsar-cut anewar to this quastion can
be given which ie based on the sxpsrimental results
| degeribed in Chapters I. -~ V. Part II.
I can state with every degree of confidenca

that/



229 .

that as judged by

I. Ths production of antibodies and
IT. Protaction to a lethal dose of orgsanisms

the physical and chemical processes employed in the
manufacture of detoxicated and defattsd vaccines havse

destroyed their antigenic valus.
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