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A short account of the circumstances which prompted
the undertaking of some investigations into a difficult
problem may be of interest and will serve to introduce'

the subject-matter formingthis thesis.

An adult male patient was admitted to one of the wards
certified as suffering from diphtheria,

The foilowing history wag gilvenim
A child of this men had sickened of throst trouble. A
physician was called in who recognised the condition to be ome

of typical fauclal diphtheria.,

On notification of the case to the Sanitary Authorities, the
child was promptly removed to the Isolétion Hospital.

As a result of the routine examinatién of throat swabs
from the "contacts" namely, the mother and remaining children,
it was diseovered that two other ﬁembers of the family were
harbouring the B. diphtheriae.

They likewise were sent to Héspital.

When/



When the abpve‘throat swabs were taken, the father was
"out at work". A culture from his throat was
.consequently not optained. .

On the evening of the day on whieh the results
were made known, he "took it into his head" to pay
his physician a visit té“have his throat tested".

This action, it mugt be noted,:was taken simply
and solely to satisfy personal curiosity.

Subjective and objective phenomena were entirely
absent.  He complained of nothing and "wasg in better
health than he had ever been in his life".

None the less, the culture from his throat yielded
practically a pure growth of typical diphtheria bacilii.

As a result of this finding, he, in turn, was T
luctently éompelled to follow the others ﬁo Hospital

and/



and on arrival was in a most unhapny and unpleasanﬂ
frame of mind. He manifested his chagrin by taking
exception to everything and everybody with whom he camne
‘into contact.

It was with difficulty and only after the medieal
aﬁd nursing staeffs had been subjected to his abusive
attacks that he permitted a small dose of antidiphtheritic
"gserum to be given subcutaneously.

It was thus realised that there had been admitted a
really "‘c,:rc‘:»uble:s;ome-’l patient.

Thereafter, the daily ward-visits wefe made unpleasant
by the tireless reiteration of his wdeful plaint and only
after much coaxing was he prevailed upon to remain in bed
for twelve days - the irreducible minimum in respeet of

safety from serum eomplications.
A hope was entertained that when the patient was

allowed up, the greater freedom of aection secured would

act/



act as balm to his wounded feelings.

There was noe such hapry result.

He remained a malcontent,

Naturally, by this time, the character of the bacteria
inhabiting his tonsils was of more than ordinary intefest.
Thereforg, unusually early in his residence,; throat swabs
were taken with a view to procuriﬁg the regulation "two

negatives".

Once again, fate was against him, as he persistently

cultured "positive" for weeks on end,
Nowthe patient was desperate, and, as his wife had:

taken 111, there were the usual accompanying monetary

embarrassments.

He pled that he was the wage~earner, that he was being

compulsorily detained “for no earthly reason" and that not

- -

that way lay eeonomic soundness,

It is uncommonly difficult to impress a labouring lay=

man/



5.
layman with arguments about preventive medicine altogether based
on baoteriologidal rniceties.

Practically al! the medicaments ' that are or evér were
credited with usefulmess in this connmection ware tried, but
only after he had burdered the ward with his sullen presence_for
tem weeks, were the requisite "megatives" obtaired to warrant
his dismissal. His parting taunt when leaving was, ”iflthat's
a' medicinme carn dae for a mam efter a' thae years, them ye
should be ashamed o' yersel ".

On reflection, thetruthfulness éf his implication was
conceded. Careful comsideratiom of his poimt of view forced
ore to the conclusiom that the absence of am imfallible cure for a
mam in hig comditiomn was a sad commertary om the physicianm's
helplessnmess. His sweeping comdemmatiom of the profession
seemed a challenge well worthy of acceptanrmce, especially as it
crystallised the views of manmy other patierts who, in a previous
experience, had beern equally umwillimg victims but had mot given

suech/



such free expression to their senge of injustice.

The state of affairs obtainirgin this case was that
an able~bodied healthy man was condemned by law to indefinite
‘detention, becauge of the presence in his throat of organisms
of microscopical dimensions. These were not producing any
‘self-evident local or general manifesta@iéns,, and the "carrier
‘sﬁate", ag a forqe to be reckoned with, was beyond his com~
prehension.v Cbupled with this was a very natural soreness on
realising that he had guite unnecessarily submitted himself
fo examinaﬁion and thereby needlessly made himself liable to
all the distasteful conseqguences of a_"positive" finding.
Hié wrath was not allayed by the knowl;dge that many others,
although similarlyvaffected, were "wélking‘about“ without
interference. A Q

At the risk of being charged witﬁ irrelevancy, an
attempt has purposely and at length been made to convey some

idea of the attitude of the layman towards this problem.

An appreciation of/
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of it is helpful towards granting the necessity and'juétification
for the employment of every means which oah be proved to afford
success in the treatment of the eondition.

If it is granted that this‘irksome and aprarently
unnecessary énd purposeless detention is a very potent factor
in causing unrest amongst hospital patients of the adult type
above described, there will have been created,.in some measure,
the mental atmosphere most favourable for vigorous pursuit of a
trustworthy remedy.

It will be well to~sur§ey broadly the field of past
experience bearing on the subject, that by a study and review
of the origin and lines of progress so far reeorded, it may be
agscertained what progress has been made, What is sure ground,
and what 1is quegnire and therefore to be avoided. Such &
retrospeet will entail bacteriological, therapeutic, and economic
considerations and procedures, and, although the bibliography

of diphtheria is ponderous and much of it not apposgsite tp the

purpose/
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purpose in view, a knowledge of what has already been done
with respect to the treatment of "posgitive throats" is an
essential preliminary to outlining any further mode of attack.

The discovery of the bacillus firgt described by Klebs
in I883, and further investigated by Léffler in 1884 was epoch-
making and of inestimable value to mankind. Whereas, previousiy,

all treatment was necessarily empirical, thereafter, interference
Pwas perfectly definitive,_scientifically accurate, and specifi—
cally directed.

None the less, the consequences of this new=found knowledge,
although not in any measure discounting the undoubted advantages
which accrued, were unforeseen and, in one respect, unfortunate
for the patient. So long as the causal agent was unrecognised,
the problems of the "carrier" and the "positive throat" were
non-existent. Such victims as previously survived the initial
gttack and subsequent paralytic period had, at any rate, the
satisfaction of being pronounced free from danger to themselves

and/
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and.others after a reasonable peri§a &fr¢onvaléscehce; o

Nowadays, thanks to the uniﬁerSél‘agﬁméariiér'rééoéﬁitiﬁn
of the local lesion and the more of.iess #?ﬁﬁpt exhibition
of antidiphtheritic serum, the initial'ﬁeriods of the disease
have mereifuliy been shorn of many of their hqrrors.
It is an odd refleetion, however, that, "pari passu' with the
benefits accruing from the recognition o% the oause: untoward
late effects may obtrude themsélves. Just as there now exigts
the certainty of early and,cémp&ratively faithful recognition
of & particular bacillary presence, so equally, but with less
satisfaction, late and unwelcome persistence of the undesirable
alien may be demonstrated.

Tt wili De eonceded that the relevant literature, sube
scribed by the recognised authorities, reveals a rgmarkably
chaotie and unsatisfactory state of affairs. Quotations of

their views, opinions, practices, and experiences will repay

perusal/
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perusal as, thereby, a very complete understanding of the position
in relation to the prevention of this infectious disease, will

be arrived at,

I. No less an authority than Ker has it that:=

"The isoclation"of patients suffering from Diphtheria"
‘should be maintained until at least two consecutive
negative cultures have been obtained from the tﬂroat.
A long time is often required before this 1s attained.
Should the baecilli persist for many'months, perhaps the
best plan is to test their virulence on small animals,
and if they are non~virulent, to dispense with further
isolation, but to make cultures at intervals and direet
thenpatient to continue local antiseptic treatment as
long as the positive results are obtained. Persistence
of the bacilli is most likelj to0 be met with when the
tonsils are large and ragged. Meikle, investigating
the condition of the throat in patients discharged
- from the Edinburgh City Hospital found that in about 80% of
the caseg in which baeilli were present at the date
of discharge the tonsils were considerably enlarged. No
one antiseptic was found to be more efficacious than another
for throat treatment, but an attempt should always be made
to get rid of the organisms by local applications, un=

satisfactory as these tgo often are. The rarity of return

cases/
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| cases of diphtheria 1n Edinburgh ( no case has ever
resulted from a patient known to have baeilii in his
throat en the day of discharge) led Meikle to conelude
that in the vast majority of cases the germs are probably
not virulent. In those cases in which the virulence was
tested on animals his results were negative.

It may be added that the presence of Hofmann's

bacillus in the throat of & contact is regarded by
some authoritlies as suggestive. The isoclation then,
of the carriers of this bacillius is probably advisable in

a school or ward epidemic.

With reference to the foregoing, it is to be remarked
that, although the uselessness of local antiseptie¢ applications
is frankly admitted, in the reérettable absence of ahything
more effeétive, thelr vigorous routine employment is nevel=
theless advocateds

The very multiplicity of so called "cures" is an
admission of their comparative worthlessness.
At various times, the following amongst many others

have been pressed into service as curative agentisi=

carbolised glycerine of varying concentrations,‘formaldehyde,‘

chloramine T/
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chloramine T, flavine, urea, papayotin. None of them
appears to do much more than inhibit the growth of those
organisms with which it may come more immediately into
~ contaet.

The writer, after extended trial, ceconcludes that formaldem
hyde is most reliable as, with care and thoroUghness;'25 per
cent of éases 80 treated become "negative' after ionger or
shorter periods. |

v ?he method enmployed wag to make up solutions containing
0.2h ﬁer‘cent, 0.5 per cent, 0.75 per cent, and I per cent,
and to apply these on swabs to ﬁhe fauces thrice daily.
Commencing with the weakest concentration, the next highest
was employed each succeeding day, the I per cent solution
being repeated on the fifth day; On the sixth day the throat
was untreated, and a culture was taken on the seventh.
Frequently this proved negative, but seldom indééd was it
possible to obtain a second, much less a third "negative”.

Failure in the first instance merely indicated a repetition of

the/
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the course of treatment,

These procedures were tedious, indeterminate, and
irritating t§ the patient who could not be expected to
appreciate the wisdom of persisting with a disagreeable and
oft=repeated interference which was only produetive of further

”pdsitive" résults.

The treatment of "carriers" and "positive throats" as

lout—pétients, referred‘to by Ke;; nust necegsarily be
cumbersome and- ungatisfactory. Few people would not tire
of dalily gargles and weekly visits to a bacte;iologist
especially when indefinitely eontinued. |

The conclusion that the vast majority of these casges
harbour avirulent organisms. 1is merely an expression of
opinion but no statement of fact.

It has been & common experience in the G}asgow‘FeVer
Hospitals to have "positive" patients whose cultures proved

persistently virulent to the guinea~pig. This test was

naturally/
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naturally much in demand as. on its "avirulent" finding
iay the hope of g0 many. Unfortuna;ely, the experiment
necessitates obtaining in pure cultufe the organism to be
tested, When it i1s realised that the very microscopical
"fields"” creating doubt are those in which the bacilii are
few andqfar between, it will be conceded that the bacteriolow
gist's task is not a simple one. He may sub=culture
unsuccessfully for days, ultimately to find overgrowth
of more vigorous cocci. In these circumstances a further
specimen must be obtained and another week is'therefore lost
before a finding is arrived at. If a report be made
ten or fourteen days aftersubmission of the speeimen,
the clinician will have little cause for complaint.

To most patieﬁts, three weeks in late convelescence are

peculiarly"long"weeks but, if Meikle's eonelusion were

infallible, namely,that "the germs are probably not virulent", .

- -

they might be tolerated. Unfortunately, no promise of

eertain/
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certain liberation need be made ag, in the vast majority of
cages, disappointment must result.

Finally, if the preseﬁoe of Hofmann's bacillusg is to
be "regarded as suggestive", there is presented a situation

which is singularly hopeless.
Thié matter will be referred to later.

Meanwhile, in pursuit of the study of the literature,

Osler may be cited, who says:—

"Following an attack of diphtheria the bacilli may persist
in the throat or nose after all the membrane has disappear-

ed for weeks or months = even fiftean months. In

explanation of this-persistenoerCouncilman hag called
attention to the freguency with which the antrum is
affected. It has been shown by numerous observations that,
after all the membrane has cleared away, virulent bacilli

. may pérsist in the throat from periods ranging from
six wezks to six months or even longer. There isv
evidence t0 show that the disease may be communicated by
such patieﬁté,‘so that isolation should be continued in
any given case, until the-baoteridlogical examination

showg that the throat is free. Careful attention should

be/
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"“””.s*and mouths of ehlldren

particularly to the teeth and tonsils, as Caillé has

urged. Swolien and enlarged tonsils should be removed.

Ogler notes and admits the ﬁnsatisfactdry state of our “
knowledge in this partiecular. He seeks, however, to indiecate
the poSsibility of suecessful mandgement by general attention
to mouth hygiene. In this eonneetion, a somewhat motable case
in the writer's experienee comes t0 mind:ie

It was of a child, an inmate of a Poor Law Institution;
who was admitted to hospital suffering from fauecial diphtheria;
This patient remgined in hospital for twelve months and was
"pogitive" at the end of that time. Her mouth was given every
;ttention: To this end, such preparations as boroglyceride
and glycerine,’{&sterine, chlorine, water, hydrogen peroxide,
eorrosive sublimate, were used. As a last resort, tonsilleétomy
wag performed. Her"swabs" remained as "positive" as
formerly.

It would appear from above ecase and from many others

which might be quoted, that eare of mouth, teeth, throat and

tonsils/
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tonsils, "per se", is insuffieient to ensure success.

- -

For a possible explanation of the persistenee of the

baelllii, in the face of antisepties and in spite of tonsilleé—

tomy, vide p. 90.

The next reference is to M'Vail who states thati=

"The vitality of the organism in the human throat is

‘very great. Sometimes it is found three months or later
after the throat looks elean, though customarily it
disappears in a week or two. Though its life is not very
aetive, its infeetive power often persists. A diseharge
from the nostrils econtaining infeetive baeilii may continue
for months. Of still more importanee is the presenee of

the mierobe in the throats of "contacts" who have not them-
selves any elinical symptoms of the disease. Massachusettis
Association of Beards of Health have concluded that at least '
1% or 2% of sound persons in the general publie in towns

and 8% to 50% of exposed persons have the Klebs=Ldffler
bacilius in £heir throats. Probably the baeillus 1is virus
lent is less than a fifth of such cases (Welsh and Sehamberg)
On the other hand, there is a quite aprreeiable number of
cases in whieh the disease is aetually present without the

appearance of any membrane on the throat, the toxlie phenomens

being/ -
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being due to B. diphtheriae in the lung, spleen and else-
where. Dr. Davies of Brigstol has reeorded his experience
that at one time in the sane towﬁ the type of B;Zdiphtheriae
may be distinetly different from that feund at énother time
and that these differenees of type are aecompanied by a
different habit of the disgease, both as to fatality and
infeetivity. One type is short, thin, usually pointed at
one end and staining either solid or in grénules.' The
fatality of diseasé caused thereby is singularly and consige
tently low. The other type is long, round=ended, headed
or granular; This causes a virulent variety of the disease,.
There are American records of differences of baeillary type
in different towns at the same time. The essential bearing

of such facts on the spread of diphtheria is manifest",
M'Vail is cited to lend eonfirmation to the before mentioned
eontentionse.

All indireet methods of infection presume the presence of
a direet mediary so that, whatever pgrcentage of the whole may
be deemed to be virulent, vifulence nust exist. Otherwise, it
would be imposzible to aeccount wholly for the spread and proe-

pagation of the disease.

It may be noted that M'Vail, unlike Ker and Meikle, attaches

importance/
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importance to the presenee of the bacilius in nasal discharges
but, more so, to its persistence in the throats of those "who

-

have not themselves any clinical,symptoms of the disease". He
recognises sueh individuals to be very potent factors in‘the
etiojogy of elinical diphtheria,

Thus early apnears evidence of that difference of opinion
amongst authorities, the existence of which presented a conm
giderable hindrance to the successful prosecution of the present
investigations.

The observation of Davies of Bristol, regarding variations
in type, accords with the writer's experience and is of interest
epidemiologically.

The attempt will be made to demonstrate that the organisms
of lesser virulence are attenuated forms of their more elongated
brethren and ﬁhat such influencesss habitat, nourishment,
temperature, and moisture determine malignancy. Many of thé

films prepared after vaecination show well defined degenerate

forms/
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forms corresponding with those recoverable during benign

epidemics.

Considerations of the disease~spreading propensity of

"carriers”, of the morphological peculiarities of the B.

- -~

diphtheriae, and of their agsociated malignaneies, wili be
dealt with in their proper context.
4., Further, Osler and M'Crae in their volume deelare that =

"no satisfactory means have been found of ridding carriers
“of bacilli. Tonsillectomy, adeneetomy and removal.of
foreign bodies and carious bone have been folliowed by rapid
cure. Local apnlications designed to benefit the undezw
lying disease of the mueous membrane are of more value

than antisepties diréoﬁed against the baeilii, Although
chronie, nasal diphtheria will often clear bacteriologicaliy
as soon as the slight toxin irritaﬁion is eliminated.
Schiotz reported a cure from sprajing the throat with pure
cultures of staphylococcus aureus and several have confirmed
his results. De Witt could find Rro bactericidal action
from the staphylococcus or its produets and its action is
supposed to be by displacement or overriding. No results
have followed its use in twelve virulent and avirulent

"ecarriers" in our wards. Hewlett and Nankweli have

reported/
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reported cures in from Ffour to thirty-three days in twelve
out of eighteen "earriers", mostly complicating scarlet fever
They used a solution of bacterial substance prepared by grind-
ing the bacilii in intense ceold and filtering. Of twelve
"ecarriers" in our wards, four became negative in two weeks
By the use of diphtheria vaccine, in doses of I=IO miliions
every 4=6 days. Petruschkyreported the treatment of six
cages with Injections of diphtheria bacil!i kilied by
chloroform gase. ;Fbur of the cases were treated during
early convalescence, and became negative in five to twentym
nine days, one of the other (bacteriological) cases became

negative only after over a year of intermittent treatment” o

It had.long been a matter of vital interest to discover ﬂ
if there might not be some constant baeterial assoeciation in
the throats of "carriers".

Problems o; symbios;s and saprophytism had been faseilnating
studies, and it aprpeared reasonable to assumé that investigation

along such lines might lead to definite findings.

In fact, the diphtheria~vaeccine treatment of “positives”

- ~

apolied in the series of cases about to be reviewed, was the

direet outcome of failure to recognise any such copstant

agssociation/
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assocliation. Had the hope materialised, the intention was te
employ either a sgspecifically made vaccine or one of the markeﬁed
antistaphylococcal or antistreptocoecal vaceines against the
supposed abetting organism. . By the removal of thislatter,

it was confidently anticipated that the persistent B. diphtheriae
would simultaneously disappear.

The premise, that a pyogenlc organism would be inculpated,
appeared justifiable from the élinical observation that those
cases are invariably most toxie whose iocal membraneus lesion
has marked anﬁ demonstrable pyogeniec assoeiates.

In this respect also, it may be stated that diphtheria,
eomplicating any of the following:= scarlet fever, measles,
whooping~cough, catarrh of the respiratory tract or lungs
ﬁhemselves (from whatever bacillary causge arising)s is not only
a eommon association but, in the vast majoriﬁy of cases,
predicates a mere than usually severe invasion.

It may be worthy of remark that the diseases enumerated

are/
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are, "par excellence"”, notoriousfor their association with
all m;nner of pyogenic and other organisms.

Realiging the‘apparent impossibility of suceess in the
"associate"quest, the idea of using a vaccine of the offending
organism i;self apoealed to the writer, and was forthwith put
in practice, quite independently of the knowledge of its previous
tentative employment. FPorty~three consecutive cases had been
suecessfully treated when interest was sufficiently aroused in
the matter to consult the literature on the subjeet. The
figures and facts to be stated later will prove the superiority
of the results over those given abeve, namely:= "four out of
twelve qﬁrriers".

It may be noted in passing that there is no explanation
given as to how the vaccine was prepafed nor information
whether the same one was used in all, ‘Ié is edually indefinite -
ag to whether the twelve received vacecine and f?ur only reéponded.

In any case, probably on acecount of the panifest poorness of the

results/
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regults, the practice does not apoear to have been continued.

The following quotation is somewhat lengthy, but as the

work from which it is taken is thoroughly up to date and notes

clearly and impartially mostly every modern expedient used or

- suggested for use in the particular condition under review, one

may take the liberty of quoting in full.

5.

"Antibacterial Serum:
"Antitoxic serum does not tend to kill the baeilli which
cause diphtheria. They will grow readily in the fluid
itself, and continue to exist in a virulent form in the
throats of persons who have been injected with antitoxin.
Wassermann claims to have sueceeded in the production

of a seium which is b&cteridid&l. He prepares a fluid
somewhat analogous to Koch's "new tubercuiin", by pounding
up the bacilli and extracting them with ethyiene~diamine,
20c cs. of this solvent being added to I grm. of pulverised
baeilli. The mixture is well shaken in a speeial apparatus.
and is then submitted to the eentrifuge.  The supernatant
fluid is of a yellow. eolour, and contains the intracellular
toxing of the baeilli. It is capable of killing rabbits .
when injected into them. If, however, the toxin is mixed

with & proportion of antitoxin and repeatedly injected into

these animals, the serum obtained from them is strongly

agglutinative/
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agglutinative of-diphthéria baeilli. Wassermann thinks
that this serum wili afford a means of distinguishing

B. diphtheriae from pseudo-diphtheria baeilli, and that it
may possibly havé curative properties. Concettl writes

in favour of the use of anti=-bacterial serum as an adjunet
to antitoxin, and as & local application to the throat

in the form of lozenges. A"bi=valent"” (antitoxic and
antibacterial) serum may also be used ﬁrophylaetically,

ags well as fof irrigation of‘the nostrils teo avoid spread
of infection to the nose; for local application to the
trachea after tracheotomy (2.5 c.cs. every three hours)

and in conjunctival diphtheria (Bandi). 9. Dopter advises
the local use of antitoxic serum in the form of lozenges;
but the serum is theoreticaliy inferior to the bi-valent
seyum. He also uses insufflations of powdered dry serum‘
for nasal diphtheria, and finds this procedure of some
value, but less sothan in fauelal cases.

Vacecine Treatment i~ Possessing, as we do, in antitoxie
serum & remedy at once éo potent and so reliable, and, one,
moreover, which has the overwhelming advantage of being
available gt a moment's notice, 1t is not surprising to find
that diphtheria vaecine has not been employed to any large
extent. At the same time, vaccine treatment is of distinct
value in thése infeetiéns which become chrohic, and in whiech

the/
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the responsible organism remains domiciled in the throat
or nose for prolonged periods after the acute elinical
symptoms have been entirely removed by the employment of
antitoxin ("carriers"). In such cases a vaccine should
be preparedafrom that strain of B. diphtheriae actually
infeeting the patient, the bodies of the baeilii carefully
waghed free from toxin, the vaceine then standardised, and
administered in doses of five to ten millions at intervals
of three to five or seven days. In our experience one to
two injeetions are usually sufficient to ensure the
disapoearance of thebacilii from the local site of infeetion.
Hewlett uses for the same purpose endotoxin,obtained from
the diphtheria bacillus by grinding at the temperature of

liquid air,in doses of 0.5 mg."

Than the foregoing, it must be conceded that it would be

difficult to furnish a better example of scientifie ingenuity.

It is noteworthythat substances have been produced par=

faking of the nature of lozenges, insufflations of powdered

serum, media containing baeillil, killed in one case by exposure

to ehloroform gas, in another, pulverised at the temperature of

liquid air; and, in a third, extracted by ethylene-diamine

and submitted to further tedious processes. The claims made

by/:
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by the several investigators are seldom extravagant and usually
consigt of the expression of g9pinion that their exployment "may

-~

possibly have eurative properties"”,
Vaccine treatment, mentionedrather as a postseript,

is not unduly obtruded and, the recommendation that it should

be "autugenous and washed free from toxin= that it should contain

living organisms,- makes its application unattractive and its
general avallment extremely prdblematieal.

Diphtheria, like tetanus, is a disease where characteristi-
cally the causative baoilli reside locally; The effects of
theif presence, ag manifested by the patient, are esentially
produced by the toxin—absorption therefrom. BExcept in the rare
caseswﬁere the disease is of the haemorrhagic malignant type
there iis no baciliaemis. Put briefly, if there were no
toxaemia, there would be no such thing as clinieal diphtheria,
The injection then of a substance containing living B. diphtheriae,
S0 ags to make theilr access to.the blood stream possible, appears
to court the production of just such a bacillaemia as is

recognised to be of the gravest significance.
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Again, in the main, vaccine therapy has found its most
useful application in such local coﬁditions as acne, bpils,
gonococcal jolnt infections, and others. Its use in more
geperal infections, such asg the sep?icaemias and enteric
fever, has usually been less favourable.

Now, patients with "positive" throats for the B. diphtherie,
being mnufferers from an admittedly local infection, it appeared
reasonable to treat them along lines which had been proved use-
ful iﬁ comparable conditions.

The justification for the injection of dead cultures of
an organism is baéed on the view taken by‘Wright that, while
the local capacities for resistanoe may have been lowered,
resistance‘mechanismé in other parts of the body have not been
brought into play. 'The vaccine is considered to stimulate
these so that‘the‘region, in which bacillary growth and multi-
plicatien occurs, ;s flooded with antibacterial bodies.

The vaccine used in the present experiments was prépared

differently/
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differently from that indicated above. The necessity for
autogenous vaecination was prbved not to exist, hence the pro=
duction of a large amount of stock vaccine obviated the
necegsity for laborious laboratory work and made its use
immeagurably more practicable,

After all, the necegsary facilities for the elaboration of
complex media are not given to everyone who has to work with
gueh cases, nor can the requigite technical gkill on the paft
of the administrator‘pften be presumed. On the other hand, the
material used in the following cases might quite readily be
produced cehtrally and distributed much in the same way as is‘
practised with antidiphtheritie serum itself.

Unquestionably, availability, coupled with ready and

easy administration are the criteria by which any therapeutic meag-
|

I

|

ure must be judged. Only in so far as these are present will

- general favour be begtowed on it.

It is scarcely necessary to suggest that, if antidiphtheritie

‘gserum/
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gserum required to be autugenous (as obtaing in scarlet fever)
and, 1f every physician, who to=~day eonsiders its administraﬁion
as a simple routine practice were calied upon to take in hand
its manufacture, diphtheria would not elaim for itself the
finest results in the whole field of serum therapy.

Antidiphtheritiec serum or diphtheria antitoxin is, as its
name implies, antitoxiec. There is no antibacterial element in
it = henge lethal influenée upon the bacilli is not afforded
nor can it be expected, The present treatment consists merely
in providing the vietim with artificial antibody in the shape
of antitoxin and, having thus established a ba?rier against
the devagtating biood—borne toxin, to rest content. Menifestly,
in as much as only the effects have been treated, only part of
the problem has been solved. The cause, namely the organism,
is unaffected. Therefore, it would appear logical to

supplement antitoxin administration by the subsequent addition

of artificial antibacterial substance. It is pled, that there
is a necessity for supplying just such antibacterial substances

as/
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ag will complement antitoxin, thereby completing the

defences of the human economy against this particular
baciliary invasion.
II. " Iastly, from the "I9I7 Medieal Annual” there is

transeribed the following:=

"W.H.Park and A.Zingher report on the results of
immunisation with a toxin-antitoxin mixture. These
researchegs have led them to the following éonclusion.'
For the general prophylaxis of diphtheria in schools

and communitieg,excluding immediate contactsg,a

mixture of toxin~antitoxin alone, or toxin=antitoxin
plugs vaccine of killed diphtheria bacilli is recommended.
The dose is I o.c. of toxin-antitoxin and I;OOO million
bacteria injected subcutaneously and repeated three times

at intervals of six orgeven days, Sufficient time

has not as yet elapsed to judge the value of adding

the injeetions of the bacilli to the toxin-antitoxin”.
Again, no mention is made as to whether or not the
vaccine recommended wasg autogenous. if it were autogenous,

it ean only be repeated that the means advocated would

represent an overwhelming propogition in practice.

Also/ .
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Also, the dosage appears enormous, especially for prophylactic
administration and, sofar as the Writer's experience has
gone, apparently immoderate. To make vaccinegof concen=
tratiohs per c.c., as above indicated, would entaill such

an expenditure of labour, time and money, as very‘effectually
to put their general employment far outwith the province of
routine practice and practioable therapeutics. With the
knowledge that passive immunity, although variable inuits
duration, is, at the best, comparatively short, (probably not
more than one to five weeks) and, that even active immunity,
conferred in the manner stated, is of longer duration, the
pronouncement that "sufficient time has not as yet elapsed

to judge the value" etec. is uncenvincing.

Further, it has been conclusively proved experimentally
that repeated injecotions of antitoxin have no cumulative
effect as regards immunisation. In any case, Park and
Zingher admit that the number of cases observed =- {which

number/
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number is not staﬁed)- was too small to allow of é
decided statement.

Although the writer's opinion of the micfoscopical
appearances wag based on a previous experiencé of over
five thousand examinations of gimilar films, the very
nature of the Investigations suggested the advisability of
seeking confirmation of the results. Throat swabs from
the treated patients and occasionally from the ﬁntreaﬁed
were therefore submitted for the opinion of a recognised
bacteriological authority; Although, in the majority of

ingstances, complete agreement was reached,in a minority,

differencewas recorded. On every occasion, the discrepancy

arogse from the respective interpretations put upon atypical

bacillii. These latter, from their morphological appearance

%

staining reactions,and distribution, the writer characterised

as B,Hofmenn, in eontradistinction to the secondary opinion

which/
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wﬁich placed them "positive" for the B. diphtheriae.

This lack of unanimity produced more or less'délay’with
"some of the earlier cases for, deference to aceredited
opinion ceunsgiled dismiséal unwise until agreement was
reached. Such early experiences, however, were not
repeated,for, submission of the disputed organism to an early
physiologicai test definitely revealed its nature, It is_
s&tiéfactory to record that the bacillli, although originally
characterised as "positive", in no case proved lethal to the
guinea-pig.

Ready confirmation.éf the nature of the microscopical
abpearances was forthecoming in the very épplication of the
vaccine itself. This latter wasg épeoific.nncharacten.

It contained only B. diphtheriae'and, in no instance, was it
contaminated with B. Hofmann. It was purposely monovalent,
not divaleht nor polyvalent, so that it was concluded that

an organism whichremained unaffected for even a short space of

time/
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time was unlikely to be B. diphtheriaei That such a process
of reasoning by exclusion wgs logical and warranted; the
animal test has not so far disproved,

It is a platitude to point out the difficulty in genérdl
of judging the value of a particular method of treatment,
increasgsed in the case of vaccines by the fact that treatmeﬁt
has been allowed to remain largely in the hands of the men
without elinical experience. Moreover, for vaccine treatment '*
to be effective, accurate bacteriological diagnosis is a ay
preliminary requisite. It is just preeisely in this one
partieular that vaeeination in diphtheria bresents unusual and
unique difficulties.

This featurebwill be further alluded to but, in passing,
1t will be wise to £éke note of the following considerations
for, it behoves an intruder towalk warily in a domain where
there is diversity of opinion amongst bacteriéiogists themselves,

coupled with disagreement as to the interpretation to be put

upon/
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upon well recognised'variations in morphological appearancés
of such a well established organism as the B. diphtherise.

Whereas, the pneumococcus is the pneumococcus the wide
world §ver, the B, diphtheria 1s less universally adcredited.
The practical outcome of this indefiniteness is that the
consultative bacteriologist, he who is the approved authority
to the Sanitary organisations of our counties and larger towns,
is more and more compelled to adjudicate for safety. Given
& collection of thréat swabg of unknown origin, it is not
unnatural that he should view with grave suspicion any and
every bacillary form that may present on cultivation. .He is
very congcious of the fact that the phyéician who submitted the
swab for his examination was prompted to do so by reason of
the presence of more or less suggestive clinical signs and
symptoms of diﬁhtheria inthe subjeet's throét. There is
also, in the very mature of things, the impellingwneéessity for

immediate judgment. It eannot be wondered at then 1f, to guard

against/
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againgt the calamity of one "missed pcsit;veﬁ several "doubtfuls"
are included amongst those who eventually fe;ch hospital
notified as diphtheria. Both must be given'serum and that
iﬁmediately. Thereafter, the wrong done cannot readily nof
conveniently be undone.

Adminigtrative congiderations are opposed to admittingthe
wigdom of different departments of the same service being at
variance.

In like‘manner, dependence upon & ﬁhird party for suthority
to dismigs convalegeents, is apt to prove disheartening.

'Here again, the necessity of the situation prompts the
latter td‘”positive“ pronouncements when, were the origin of
the "swab"known, in;erpretation of appearances in the resulting
£ilm would lead to a modified if not a different opinion.

The truth of this contentioh has been proved more than

once for, it was no new experience to have a culture, personally

reckoned "negative' reported "positive" and also,_days afterwards,

i
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pronounced avirﬁlent on éﬁiﬁai‘iﬁééulafion.

Such contradictory reports, of course, could never be made
1T diserimination were exercised in judging as to the real
significancé to be attached to the various bacillary forms
infegting the fauces.

Sweeping condemnation of everything which has the misfortune
to be rod=shaped is not only unscientific but unjust. Al the
same time, it must be admitted that, in the present uncertain
stabe of our knowledge{ the application of corréborative tests
to "eultures", submitted in the first instance, 1s impracticable{
The B. diphtheriae brooks no delay and will certainly not cease
its malign activity whilst investigators laboriouély pursue
the study of its mieroscopical and culturel characters, 1ts
sugar reactions and, if need be, its degree of virulence to the
guinea~pig. All of these procedures involve the loss of thap
vgluable time which, if not effectively emPloyed, spells disastér

to the host.

This/
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This same disability applied to the reports upon the
"swabg" of convaiescents and, ;hough only less compromising,
was none the less irksome’and merely confirmed'the.necessity :
for the employment of some meﬁhod which would afford a
reasonably assured means of ”Aegativing" swébs to the completer
satisfaction of all concerned.

Though granting the former premise, namely,- the practical
’impossibility of differentiating amongst the bacillary forms
appearing in a "diagnostic" film,- there appeared to be no

reagonable justification for .continuing to allow such considera~

tions to obstruet administration.

THE B. DIPHTHERIAE = {ts MICROSCOPICAL, STAINING,
and CULTURAL CHARACTERS.

Before embarking on details, it were better pefhaps to
indicate somewhat briefly the mulfifarious appearances which
the B; diphtheriae may.from time to time presept. In different
text=books, bacteriological desoriptions vary in detail but

agree/
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agree in prineiple.

Some such digest, as the following, may be claimed to
reflect the accepted teaching of the most modern schools.

The B. diphtheriae is a slender rod presenting multiform -
apovearances, being straight or slightly curved and varying
from gshort rather sharply pointed rods to irregular forms
with one or both ends swollen. It is usually about 3
in length and from 0.5-0.8u in thickness. It takes up basie
aniline dyes readily and 1g Gram positive. It stains more or
legss unevenly and intensely, so may present dotted, beaded,
granulaxr pr solid forms. On culture, the organismg are at
first fairly uniform in size and shape but involution forms -
appear in older eultures and the rods differ much in shape
and appearance, club=shaped ;nd bar forms being encountered.
The baecillus evidently has véry varyiﬁg grades of virulence,
down even to absence of pathogenic effects.‘

I3. Perhaps Osler, in hig short aecount of the "Bacteria

agsociated/
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agsociated with the dibhtheria bacillus", provides the best
confirmation of the éontention that the~problem of differential
diagnosis of the bacillary forms found in the throat and
elsewhere is beset with difficulties.

In a description of the "Pgseudo=Diphtheria Bacillﬁs -
B. Xerogis", he says:~- |

"The Klebs=L&ffler bacillus varies very much in its
‘virulence and it exists in a form entirely devéid

of ﬁathogenic properties. This organism should not,
.however, be designated pseudo-~diphtheria bacillus. The
name should be confined to bacilli, which though resembling
the diphtheria bacillug, differ from it not only by f
absence of virulence, but also by cultured peculiarities.
A gimilar bacillus, showing however, certain cultural
differences from the pseudo-diphtheria bacillus, has been
repeatedly found in the conjunctival sac in health and
disease (B. Xerosis). Organisms having the morphology
of the diphtheria bacillus, but devoid of virulence,

probably belonging to the group of pseudo-diphtheria and

xerosis baecilli, have been described in human beings in
association with a number of diseases, such as Egyptian
dysentery (Kruse and Pasquale); they have bezn demonstrated
upon the skin, in the crusts of variola pustules and in impef

}igo, in sputum, in pneumonia (Kruse, Ohlmacher), in gangrene

of/
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-

of the lung (Babes); in ulcerative endocarditis (Howard);
in ascitic fluid3(Harris); in pus from pyuria (Bergey):

in ozoena (Wilder) and in tuberculosis (Sohulﬁz and Ehret)".

He might have added an association much more common than
thoge enumerated, namely; in the otorrhoea of secarlet fever.

Mierosceopical examination of the cultures derived from
such discharges has many times revealed to the>writer bacillary
forms in no way differing morphologically from the B. diphtherisae.
In fact, this discovery suggested a seriés of investigations
into the relationship between such bacillary presence in scarla—
tinal otorrhoea and the periodie disconcerting and troublesome
outbieaks of diphtheria in searlet fever wards.

It is of great moment to know whether,.although‘such
vorganisms are admittedly avirulent to the guinea-pig, their
trangference to the acute throats of recent admissions may not
originate a true elinical diphpheria. Experience of this class
of patient tends to confirm the possibility fory universal

"swabbing" of evéry "scarlet" admission, with the resultant p
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rigorous exclugion aﬁd isolation of all "doubtfuls", in no .
way tended to lessen the'number of "cros;—infectionsf.

A valid counter-argument of course is that one negative
finding for B. diphtheriae does not entitle to presume its
complete gbsenee. It is conceivable, therefore, that the
cause of these outbreaks is to be found in the recent
admigssion whoge "carrier" state has been missed. Such an-
explanation is unlikely, however, as it cannot readily be
assumed that the condition would be missed in every instance.

These observations, made in a different field of
investigation, serve to confirm the undesirability of
dogmatism where diphtheroid organisms are in question.

Still another unmentioned association is that described

by Ford Robertson and his eo-workers who have»obtained

I4 "from numerous eases of general paralysis of the insane
‘cultures of a diphtheroid organism, which he considers is
the chief agent in producing the eondition of chroniec
intoxication underlying the disease. The organism has

been obtained from various situations, including the

central/
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central nervous system, but it seems tb floﬁrish
specially in the respiratory and alimehtary tracts.
It clogely resembles the diphtheria baecillus, the
morphological and cultural characters are indeed

practicallyidentical but the diphtheroid bacillus is
non-pathogenic to the guinea-pig' I5. Osler further
remarks that, "the eclinical and bacteriological
conceptions of‘diphtheria are at present not in full
gecord, On the one hand, there are casges of simple
sore-throat which the bacteriologists, finding the
Klebs=Loffler bacillus, call true diphtheria. On
the other hand, cases of membranous, sloughing angina,
diagnosed by the physician as diphtheroid, are called
by the bacteriologists, in the absence of the Klebsw—
Loffler bacillus, pseudo~diphtheria or diphtheroid
angina , The term diphtheroid may be used for the
present to designate those forms in whiech the Klebs—
LSffler bacillus is not present. Though usually
milder, severe constitutional disturbance and even

paralysis, may follow these so=called pseudo=diphther= -

itiec processes"”.
It must appear to those with experience of diphtheria
that the above is a laboured attempt to make distinction

where there is no difference. It frequently happens that
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a patient, sufferihg from local and general symptoms and
having all the characters of clinical diphtheria, cultures
"negative" for as many days as are required to rid the.
throat of the false membrane. Is it to be wondered,
that "elinical and baeteriological conceptions of

dipﬁtheria are not in full accord”"? The explanation

of the apparent inconsistency is simple. A eopsideration
of the histological structure of the false membrane will
demonstrate the mechanical impossibility, in gi&en cases,
of a "swab", lightly rubbed upon the sgurface, réaching

ﬁhe underlying diphtheria bacilli, The parts touched are
swarming with pyogenic cocei, which, on culture by the
bacteriologist, must give & "negative field". The cold
Scientific fact is that the particular "swab" gubmitted for
exemination is "negative". Theﬁcool conclusion, that the
patient involved has no diphtheria organisms in or about

the fauees, hence, cannot be suffering from diphtheria,

is/
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is unscientific and only serves to oreate a situation of
profegssional embarrassment.

Scientific procedures ecannot altogether supersede
clinical observations. They must serve as valuable aids
and, if accorded thqt function, but net relied on and
acted upon slavighly, there will be no need to state
such a contradiction in terms as, that — "though usually
milder, severe constitutional disturbasnce, and even
paralysis, may follow these so=called pseudo=diphtheritioc
processes'"— and all for the want of a proper perspective
and the commonsense balancing ofeontending foreces. With
the realisation thatthere need be no incompatibility
between the bacteriologist's "negative"” finding in an
isolated throat swab and the practioally undeniable presence
ofa.; elinical diphtheria, goientific Jjudgment need no
longer be questioned ndr clinical prescience diseredited.

THE B. HOFMANN.

A/
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A‘bacteriological survey would be incomplete without
reference to the eontreversial organism deseribed by Hofmann
in 1888 and known as Hofmann's bacillus.

16. "It seems to be specially frequent in poorly nourished
‘children of the lower classes. Cobbett found it
I57 times in an examination of 692 persons examined,
of whom 650 were not suffering from diphtheria.
Boyecott's statistics show that the time of itsg
maximum seasonal prevalence precedes that of the
diphtheria bacillus. To what extent, if any, it is
responsible for pathological changes in the throat,
must be considered a question which is not yet settled.’
Hewlett and Knight have found evidence that a true
diphtheria bacillus may assume the characters Qf
Hofmamn's bacillus, but ettempts to effeet the trans-
formation have met with negative results in the hands
of other observers. The general opinioh igs that
the two organisms are distinct speeies with cempara~
tively eagily distinguished chearacters’.
17. And again, Ker points out that it "is met with
in many thro;ts and its relation to the diphtheria
bacillus has been the suhject of much controversy.

It is not pathogenic to guinea~pigs and it is a debated

point/
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point whether it is, or is not, respongible for
- any pathogenic throat conditions. . The animal
test édds considerably to the time which may have
already been wasted in waiting for the result of a
culture. Occasionally, a true B. diphtheriae
may be non-virulent, and therefore even this
physiological test is net entirely satisfaectory.
A negative result from a culture must be disregarded
"in the case of what otherwise shows the character—

igtics of a elinical diphtheria”.

With so much dubiety regarding the na_ture of any
given bacillus, it 1is satisfactory ﬁo be able to offer
a gpecific vaccine as a ready and sure means of
differentiation. Frem the proofs @bout to‘be offered,
it may safely be concluded, that an organism whiéh.
does not readily disappear under its influence is not
the B. diphtheriae. With its exclusion; practical
purposes aré satisfiedtﬁzﬂg cumula;ive evidences poeint
to the poﬁential harmlessness of all the others.

DIPHTHERIA VACCINE - MEBTHOD OF MANUFACTURE.

Having surveyed at some length the broad field of

previous/
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previous experience and practice bearing on the problem
under review, it will now be opportune to proceedr«
to the detéils of the subject-matter.

The vaccines employed in the treatment of the fifty
cases were made In the following manner.

Three, in all, were required to complete the series

and each was obtained after the same fashion. Advantage
was taken to inoculate the sloped surface of a solidified
blocd~gerum tube with a "swab" from a patient whe was knoWn
to be harbouring typical B. diphthériae in the throat.

This was carried out before antidiphtheritie serum
was administered, so that tlhe vitality and virﬁlence of the
organisms would in ne way be adversely affected. Search
was made in the resulting growth for an isolated colony
presenting the characteristic appearahces of the organism.
On being satisfied by microscopical examination that the
colony selected was one of diphtheria’bacilli a sub-culture

was made and incubated for twenty=four hours at 379 C.

This/
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This culture was emulsified ;n normal saline. The
emulsion must be uniform, so that, if clumps are preseht
the shaker or centrifuge must be used. A little of the
living emulsion is withdrawn for the enumeration of the
organigmg. which was done by Wrightfs method. The vaccine
is then sterilised by heating in a water-bath at 60° ¢,
for half-an-hour.

Sterilisation was tested by incubating some of the
heated vaccine on a serum—tube forﬁtwenty—four hogrs.
The concentration of the emulsion was usually such that
I c.c. represented forty million organisms)and enough
material was obtained from a single tube to ensure the
production of 20=~25 c.cs. of vaccine. Labour wasg not
expended upon putting the vaccine up in ampoules. ;t
wag retained in a test-tube together with a few glass beads
for agitating purposeé.‘ Contamination was prevented by

the presence of a sterile rubber oap which, when a dose was

to/
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to be given, wes simply punctured by the needle attached

to the hypodermic syringe and the desired amount withdrawn.
The exposed surface of the cap was sterilised with iodine
before and after puncture. Put up in such & form,

the utmost simpliciﬁy in administration was secured and,

if stored in a cool, dark place,the material waé found

te remain sterile and potent for many months.

VACCINE INFLUENCE UPON DIPHTHERIA BACILLI.

Not the least interesting part of the investigations
w;s that dealing with the mieroscopical appearances
pregsented by the cultured organisms at varying intervals
after vaccine administration.

As will be gathendfiﬁm.the historical gsynopses
of the cases to be subscribed later, the prastive followed
was to allow the specifie antibacterial fluid to act for

twenty—four hours. Throat swabs were then taken at daily

intervals/
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intervals for such time as appreared requisite.
After a considerable number of patients had been dealt
with, it was realised that negativity for the B. diphtheriae
wag reached in various ways.

The morphological changes, observed in each instance,
conformed to oneor other of three types.
I. In a number of cases, & culture, characteristically
positive twenty—four hourg before vaccination, became
completely negative twenty-four hours after vaccinatien.
Thig, of course, was an ideal transformation and apparently
depended upon immediate lethal influence of the vaccine
constituents on the particular bacillary inﬁasion concerned.

The following series of m;cro—photographs was taken
from the actual films of Case 24 and well illustratesvthe
type of immediate change undef review,

Case 24 was given three courses of local throat
treatment. The first and third coensisted of & carbole
tannin paint, the second of a 2 per cent Chloramine T spray.

Bach/
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Bach course lasted about a week butthe throat swabs

remained positive.

Pig. I shows a representative field of the film from

the fourth positive, secured twenty-four hours before

minims of diphtheria wvaccine, representing ten million

organisms, were administered.

It will be seen that the organisms have all the

characters of typical B. diphtheriae. They are rod shaped,

.s.lender, of considerable length, and possess well defined

bipolarity*,
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Pig. 2 is from a slide prepared with the cultured organisms
removed from the throat twenty-four hours after wvaccination.
Although the organisms are clumped together forming a

mass rather unsuitable for micro-photographic purposes

the elements composing it are seen to be large cocci

in no way resembling the rod—shaped bacilli depicted

in Pig. TI.

The film is negative for the B, diphtheriae
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Pig. 3 shows the organisms appearing on cultivation of a

throat swab taken forty-eight hours after wvaccination.

The organisms are staphylococci and..M Tetragenus, ordinary

bacterial inhabitants of the healthy throat

The film is negative for the B. diphtheriae

Pig/
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Pig. 4 illustrétes the maintenance of negative appearances
ninety—six hours after vecéination.
A throat swab, taken simultanecusly with that from which
this photograph was obtained, was gent to the City
Bacteriologist whHo confirmed the negeative character of .
the organisms presenting on cultivation.

Of the fifty cages treated, thirteen conformed to this

first type,

II. In many of the cases, the transition from posgitive to
negative was accomplished in stages.

An organism, which'before vaccinationvpresented the
microscopical characters of a healthy B. diphtheriae, in
the presence of vaccine, became altered in certain well
defined particulars.

The capacity of the body protoplasm for taking up and

retaining stains was reduced.and the biﬁolar feature of the
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bacillus was less pronounced.

Pig. 5 is of a film prepared from a throat swab taken .

twenty—four hours before administering vaccine to Case 36

It represents a typical field of diphtheria bacilli.

4 4
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Fig. 6 depicts the changes which ocourred after twenty—
four hours contact with an amount of vaccilne repregsenting
twenty millien organisms. It will be seen that the
above mentloned changes are<plainly represented.
The organisms are attenuated and lack acute definition.
The bodies are unevenly and uneéually stained. Here and
there, actual vacuolation is indicated. Whereas.ianig. 5
the component organismsyare wonderfully uniform and similar,
now they are irregulaer and heterogeneous.
Bipolarity is net a striking feature. On the contrary,
it is»barely manifest, inasmuch ag the rods contain, for
the most part, varying numbers of darkly staining beads or
granules,

One is induced to describe such a field as consisting of

beaded degenerates or granular bacilli, whilst the term
bacilla debris may aptly be applied to the appearances

presenting/
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presenting after further dissolution has taken place.

A

Case 36 did not undergo the latter further change, for Fig. 7

represents the negative character of the throe-t swab taken

twenty-four hours subsequent to that represented on Pig- 6,

Fig/
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Fig. 8 shows the persistent negative character of the
faucial bacillary residents twenty=-four days after
vaccine was exhibited.
Twenty-four of the fifty cases dealt with progressed
from pogitive to negative by stages representative of

the types just described as beaded degenerates and bhacillary

debrig.

IITI. In the remainder, metamorphosis occurred in &
different manner.

The transition was effected through various phases or
modifications of diphtheroid change. Under treatment,

the organisms showed & marked tendency to become rod-ghaped;
to be deeply, uniformly, and evenly stained: ﬁo be regular
or irregular as to length, breadth, and shape and, apart
from digtribution over the field, so closely resemb}ed B.
Hofmann as to be microscopically indistinguish&bie therefrom.
The transmutebility (if the term be permitted.in suech a

conneetion/
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connection) of B. diphtheriae and B. Hofmann was deseribed
by Hewlett and Knight but later obsérvers unifermly failed
to substantiate the elaim.

At the present time, the consensus of reputable opinion
would recognise the two organisms as not only distinet but
readily distinguishable.

The writer is presently engaged on further study

- bearing upon this question but, although evidences have

emerged which suggest that B, diphtheriae and B. Hofmenn
aie correlatable, the investigations being ineomplete, no
opinion is offered meantime.

It is not proposed to burden the thesis by giving a
Separate series of photographs demonstrating the diphtherdid
change, as Figs. 9'— I5 are suffieiently representative
of the type and have tﬁe additional advantage of showing,
in one and the same individual, degenerstion eonforming

both to the beaded and diphthereid varieties.
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Pig. 9 is of the film prepared twenty-four hours before
injection of vaccine in Case 12, and affords a good idea
of the characteristic features of healthy, well formed,

virulent, diphtheria bacilli

Pig/
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Fig. I0 elearly defines their altered appearance after a
day's assoceiation with speeifiec antibodies. The beaded
degenerationbis obvious. For the most part, four beads
or granules appear in each attenuated rod. The body of
the organism is shadowy and rarefied. The appearance
is suggestive of short chains of streptococei.

Whether the quadruple ineidence of granules results
from Jjuxtaposition and eoineident shortening of itwo
neighbeouring haeilli or to proteetive foeal conecentration
of body protoplasm is a.matter for conjeeture.

Considered analogically with the endogenous sporulation
propensities of other baecilli, i1t may be hazarded that the
change depiected represents an anthrosporeus counterpart.

This surmise is made with the twofold knowledge téat
the bipolarity of the B. diphtheriae has never been
eredited te spore-forﬁétion in the ordinary bgcteriological
agcceptation of the term and that in any organismgl growth

powersy
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powers of resistance to external influences may vary

greatly among individual organisms.

None the less, the writer has been constantly struck

by the peculiar persistence of the granular elements

which certainly appear to have powers of endurance far

in excess of those possessed by the body constituents

proper.

IT

Pig, .ri is comparable with Pig. 10 but shows a further step

in degeneration in that, for the most part, the granules

have become approximated with the result that only the

slightest/
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slightest evidence of body protoplasm remains

12

In Pig. 12 the granular phenomenon has disappeared so that

short, stumpy, indeterminate, rods which offer but the

merest suggestion of bipolarity are left.

15.

Fig/
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Fig., I3 is extraordinary in respeet of the interposition
of diphtheroid change in & series whieh etherwise preserved
th; type of‘granular“degeneration.
Themappearances depicted are similar to those possessed
by suc?lorgahisms,asvvanished through diphtheroid mutations.
- The combinat%pn of granular and diphtheroid changes oceurring
in this case was unique, since it was quite.a feature of
:retrogression to remain true to itype.
The theory’is advaneced that a double infeetion was
here dealt with and that the individuals, representative of
.each invasion, behaved in the manner aceredited to their
different degrees of virulenee or capacities‘for overconing
sueh inimieal influenees as altered pabuluﬁ and;environment.
The organisms are strangely diplobaelllary in form
and vary mueh in size and shape.

Onece more it is eonjeetural whether the appearances result

from expansion into rod-forms of the poles of each baecillus

or/ \\\ - ' |
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or to fusion of the poles of contiguous bacilli.

Although either interpretation would_accountfor the dis-
tribution, ecareful examination of the relative dispositions
suggests the former as the more likely.

In most of the eases whebe this type 6f degeﬁeracy
oocurred the succeeding stage was one where the organisms
became uniformly and frankly rod—-shaped. They showed
" no disposition to unite in chainsland the transition seemed
naturally to be brought about by segmentation of the ante-
cedent rod-aggregations so that their uniform dispersal
over the field was made possible. It is presupposed
that at thig stage all remnants of the body protoplasm
disaprear and thét only the more fesistant polar or granular
elements remain.

Fig. I3Ashows still further.attenuation of the baci}li.

Both types of degeneraey are represented but in more
exaggerated form. All evidence of beading has disappeared’

and/




and there remain organisms barely distinguishable from

Hofmann's bacilli.

In many parts of the field it may be observed that

the disposition in parallel twos is remarkably suggestive

of the pseudo-diphtheria bacillus and that even the

distinguishing "waist" , insection, or unstained septum,

is easily discernible.

Elsewhere over the field the later stages of diplo—

bacillary dissolution, referred to under Pig. 13? he

noted. There is an inclination for the diploid feature

to be lost as the organism assumes a definitely bacillary

outline.

14
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The remark is ventured that Pig. 14 would represent
a stiff proposition in differential diagnosis to the micro-
soopist.

The types presented might legitimately be designated
cocooid, diplococcoid, pseudo-diphtheritio, but perhaps
none would care to suggest that B. diphtheriae was represented
nor had played a determining part in the production of

the film.

15.

Pig. 15 typifies the absolutely negative appearances

ultimately obtained.

The/
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.The film from whieh the print was taken was prepared several.
days after that of Fig. I4. The supply of serum—-tubes was
. completely exhausted on the latter day so that the intimate
invelution changes occurring in the interval were not
recorded.

However, there has been presented suffieient pietorial
evidence to prove the vaeccine's e¢laim to speeifieity.

It is elearly capable of instituting well defined involution
formation in the bodies of diphtheria baeilli with which

it is brought inte eontact.

Many of the involution forms are comparable with those

known to be produo;ple by alteration in optimum-growing
eonditions.

Leng eontinued ineubation without subculture will provide
involutien forms of strange and fantastic proportions.
DoubtleSS@ chemiecal influences, if earefully analysed,

could be shown to initiate and perpetuate similar retro-

gressions/
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retrogregsions, as also might suech factors as cultivation
upon unsuitable media or ineubation at other than a
favourable temperature.
Certain it is that vaeeine, whichlafter all is organic
in eonstitution sinece it containsg the body plasm of
diphtheria bacilli, is capable of initi@ting éuch
involuﬁion formation in other menmbers of the same family
that tetal exterminatioﬁ results.
- However much the foregoing may appear conjectural and
beyond seientifie determination, the records of the
camera are ineontrovertible and provide that oecular
demonstration whieh proverbially is more believable than
volumes.

VACCINE ADMINISTRATION IN FIFTY CONSECUTIVE CASES.

The series of cases about to be eonsidered was
consecutive. They ocecurred in the ordinary course of

pPractiece in one of the City of Glasgow Isolation Hospitals.

Theywere in no way selected. BEach one, as it appeared, was

taken up and treated to a suecessful issue.
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III_
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72,

During vaecine administration, no accessory treatnments,
general or loeal, were at any time employed. Although a
congiderably greater number is on record now, those showing
more immediate good results have not been substituted
for sueh in the present series as proved refractory,
since much useful information was gleaned from dealings
with the latter.

The writer had come to the c¢onelusion, that persistence
of the B. diphtherise, in the throats of eonvalescents from
diphtheria, might be caused by one or other or any combina-
tion of the following four eonditions.

Innate lack of resistence on the part of the hosts = mainly
eontributed to by the presenee of & eoncurrent resistance-
lowering condition{ such a8 pneumonia,

Spread by continuity of tissue = causing infeetion of any
of the aecessory nasal or pharyngeal passages.

Severity of fhe original local involvement.

Individual tolerancee or naﬁural predisposition =

"earriers"/
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"earriers", or those with "bad fever histories".
Bearing these premises aslways in mind, especial care was
taken to search for and note the presence of any suech likely
? : determining faetor.
% For the purpose of e%ueidating the possibilities, it will
| be advisable to eolassify the eases under the customary text-book

categories.

Taking ,then, the somewhat arbitrary designations of "mild",

"moderate", and "severe", it is found that sixteen (one=third)

~
(

-fell into the first elagsifiecation, two into the seeond, and
g thirty-twe (praectieally two~thirds) into the third.

"MILD" CASES.

of the”mild"eases,‘the histories, in brief, are ags follow.

(The figures in the margin represent the numbers of the

| eases in the series).

lase 10, A member of the staff, nursing in a diphtheria ward. She,
admittedly, was recogniéed early as, "sore-throat", under
sueh eireumstances, was by order made immediately notifiable -

Serum/



fages I3
& 26.

?Case I4.

E'_Case 28,

S o T U SR S s

LT
VSerum was promptlyfgiVen and the invasion éhecké&;gf ; 

Both gsoldiers who were recognised "earriers". Théy:

had been digecovered during a routine bacteriologicél
examination of the inmates of a barracks where clinicai.f
diphtheria had menifested itself. Neither had objeqtive{.fff
signs nor subjeetive symptoms.

Case 26 developed otorrhoea -~ he must, therefore, have
sustained & middle-ear infection with the B. diphtherise.
Patien£ éufferéd from gearlet fever. The wara in whioh4

he wag resident became "erossed" with diphtheria. He wasg the -
only “positive" diseovered, so was concludéd to have been

a "earrier" and thé cause of the diphtheria outbreak.

Was admitted as a “bacteriologicgl” diphtheria. She

had been a eontact of another member of her family already

in hospital with diphtheria. She, conseqﬁently, had'her
throat swab cultured and 1t proved "positivef. ,It was

reasonable to assume that she had been & "ecarrier" and

the/
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© Cage Q.

Cage IT,
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the probable souree of her brother's illness.
Patient had two sisters in hespital. The Sanitary
autherities, in the eourse of their reutine exgmination
of the contacts in the home, discovered her with a "positive
culture" . She, equally, might have been a "carrier" and
the source of her gigters' illnesses.

Put briefly, of the sixteenlcases, one (Case I0)
wag mild, because of peeuliarly favourable circumstances
alloﬁing of early di;gnosis and treatment. It may therefore
be left out of account.

Five were almost certainly "carriers".

The remainder (ten) comprised the following.
Poorly nourished and pale, Eezema intertrigo of gréins,
buttoeks ,perineum. Head retraction. Peevighness, on
interference, which caused the suspicion of meninéitis.
Marked general pulmonary catarrh with fine réles = broncho-
pneumonie in type. ‘

Had an aeute bronehitis which developed, three days after

admission, into a lobar pneumonia.



Case 21.

Case 2h.

‘Case 29.

Cage %2,

Cose 39.

Cage 40,

- Case 43,

76,

No apparent disability on admigsion but, twenty=five days
thereafter, she developed secarlet fever.
Definitely mild - no apparent disability.

Healthy and the subjeet of a mild attack. After nine days’

'residence, however, she developed scarlet fever of a

septie type and was most dangerously 111 for three weeks.
Had left otorrhoea for three weeks.

Little on the throat. Had & bad cough, bronchial in origin.
Presumably, the main involvement in this case was of the

lower respiratory tract ~ a diphtheritic broncho-pneumonie

estarrh. There wag & large pateh of aetive ringworm on the

sealp.
Peoorly nourished and obviously negleeted, as was evidenced

by the presenee of profuse impetigo eontagiosa over the

.oecipital region.

Definitely mild - no apparent disability.
Healthy patient. Throat condition mild. There wag an
accompanying German Meagles. Pogsibly, attention might not

have/
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have been paid to this ehild's throat, had net the

rogeclar ragsh caused alsrmn.

Poorly nourished patient = pale and anaenmie:

marasmie in habit.

TABLE A.

almost

Table ghowing the Classifieation of the Fifteen

"Mild" easges:-—
I. II. III.
Case 9. |Broncho-pneumonisalf Case I3J Carrierd Case 25.| Mild.
and Fezena.
" II.|{Lobar pneumonis "26 " " 40 do.
" 2I.|S8earlet fever vI4 0
29, do. " 28 "
" 32 | Broneho~pneumonia " 49
. Ringworm. )
" 39 |Malnutrition "
: Impetigo contag-
" iosa.
" 43 | German meagles
‘“ 45 | Marasmus
It will be seen (Table A) that, of the fifteen "mild"

cagses who developed late persistence of the organism, in two

only/
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7.

only (Cases 25 and 40) wag there no predetermining factor

~ discoverable and, even they may have had an undiscoverable

invasion of the antrum of Highmore or Bustachian tube.

Of the remainder, eight had compliéatingcﬂseases
(enumerated in Table A)_and five showed individual toleragce
or Were_"cariiers".

In other words, 86 per ceent satisfied one or other
of the origiﬁal premises.

"MODERATE" CASES.

-

Of the two "moderate" cases, it might be said that:-

Had eongested throat with consideréble patching of both
tonsils. She was dismissed on the forty=first day of illness,
having given two "megative" cultures. Her brother complained
of sore throat on the fouréh day of her return home and was
admitted to hospital three days thereafter, He had not

been eonfined to bed. Hef eulturé was taken and 1t was

proved she was a "carrier'. She was readmitted to hospital

eleven/
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eleven days subsequent teo dismissal. She had no complaints
and was in splendid health. No more serum was given.
This patient provided suitable "elinical material”

for the carrying out of the following controlled experiments,

She had twe courses of formalin treatment (as previously
outlined) to the throat, Forty days were losﬁ using this
method.

Three doses in all of vaccine were then given and two
"negatives" obtained by the eleventh day.

She was not dismissed for twenty-five days more, when

she was still "negative', as confirmed by the City Bacterislo~—

gist.

This child provided a good instance of a diphtheria
convalescent causing a "return cage" on dismissal.
Meikle's eontention of avirdlence, reférred to above, did
not find eonfirmation here.

It will be seen, that advantage was taken of the unusual

circumstances/



circumstances to give local treatment an extended trial,

to follow its failure with vacecine,(thereby testing the one
method against the other and in the same patient), and to
detain her for as long as possible to discover if the organisms
made theilr reappearance. Also, after the "megatives" were

obtained, no local throat treatment was employed nor was she

segregated nor protected in any way, but lived in a receiving
ward, liable at all times to the incursion of acute and
virulent cases. If she had had any predisposition to
reinfection, every facility was offered.,

With a view to ensuring that the application of local
antliseptics should not be denied a fair trial, two courses
were carried out. They proved unswvalling even after the
expiry of forty days; . The administration ef vaecine, however,
succeeded in removing the offenders in eleven days. Te avoid
the possible argument, that sueh removal wasno more than a
luceky chance, the child was retained in the ward for three
and a half weeks, but there was no return.

Such/
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Such a test, of course, was unusually and unnecessarily
severe, as no person, outwith a hospital ward, was ever
likely to be the contaet of sueh coneentrated infeetion
ag was that ehild. The eircumstance, that she resisted
faueial reinvasgion, may with certainty be eredited to the
provision‘of artifieial specific antibodies. It is claimed
for the case that it'provided a very complete test for the
effieciency of the vaecine.
Cage 47, Well developed and well nourished ehild but, although only
two years of age, had already suffered from measles and searlet
fever. With sueh a histor&, it might logieally be econcluded
that her natural immunity to the fevers was negligible.
Of the two "moderate" ecases, @herefore, repregented
in the series, it may be summarised that, persistence in one,
was condueed te by individual tolerance, in the other by
natural predisposition.
These observations, it will be noted, were still in
conformity with the original hypotheses.

'The third eategory of "severe" cases containg by far the

greatest/



Cage I.

lage 2,

ge-.
greatest proportion of the total number, namely, thirty-=twe.,
All were justly considered to have had "severe" initial

lesions and consequently satisfied the third ef the

four favouring etiological factors.

With a view to eonveying a general impression of thg‘
usual features manifested, the histories,only in 30 far as
they iliustrate the theory in point, are apvended in
brief.» Such cases as are favoured with more.elaborate
descriptions point & particular moral or illustrate
featurés‘of more than passiﬁg interest.

Afmare congsidered commentary and summing up, together
with a'olassifioation table, will be subscribed at the end
of the histofical SYNOPSES »

"SEVERE" CASES.

Bad faucial with accompanying bilateral. anterior cervical
adenopathy. Child was the subjeet of & concurrent
bilateral blepharitis (non-diphtheritie).

Bad faucial withaccompanying glandular enlargement. Mgrked

seborrhoea of the scalp.
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@se 3. Bad faucial. Acute bronchitis.
fase 4. Bad faucial. The subjecf of a tabes mesenterica.
This patient was resident in the hospital for two hundred
"and eight days. She had two courses of formalin treatment
to the ghroat, extending over twenty-six days, but withouﬁ
‘result. This was followed by a six days course of
Tinot. Iedi. (B.P.) applications which likewise proved
‘unavailing. Bvery attempt was made to build up the
general health with special feeding and toniecs. This
presented diffieculty on account of the capricious appetite,
and the tendeney any attempt at full diet, much less ever=
feeding, had to produce sickness, vomiting, diarrhoea,
and abdominal distress.
In all, ten doses of vaecine were given, extending
over & peribd of fifty-two days. A swab, taken on the
forty=fourth day of treatment, was submitted to the City

Baeteriplogist for the "virulence test" whiech was reported

negative/
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negative ten days thereafter, during whieh time, the ninth
and tenth deoses had been given. Pifty-eight days before
the vaeeine was commenced, the organism had proved virulent
to the guinea-pig,= a conditioh which likewise obtained
two days before treatment was instituted.

The eonelusion drewn was that, at some time during
the subsequent forty—-six days, the organism, although per—
gistently reported "positive" beeame avirulent. Algo, 1t was
agsunmed that, had the physioclogiecal test heen applied
after each dose of vaccine, the avirulent character of the
organism might have been discovered much earlierf However,
although ten dbses were given, the latter two at leagt were
unneeessary. Asg to just how many of the remaining eight
were required to produece avirulence remains unknown. As
the result of such an experience, and in the event of a
comparable eagse occurring, the preeaution would have Dbeen
taken to have earlier "virulence" tests applied to the
persisting organism. In this partieular patient, then,

whe/ -



who was by far the most refractory of the series, the
vapcine must at all events be credited with the production
of avirulence, if not the customary total disappearance

of the tonsgillar bacillary residents. This case, moreover,
was the first to receive vaccine. It will be granted

that the e#perience therewith was sufficiently disheartening
to have spelled disaster to the prejeet, had net more
stimulating evidences been prement elsewhere. qutﬁnately,
the simi}ar treatment of four other cases was commegced
almost simultaneously. The early and complete realisation
‘of one's objeet withthem, prompted a perseverance with the
first which, under different eircumstances, would have

been lacking. As a result, the facts detailed emerged.

| and with them the valuable infcrmationé)that an originally
malign organism wag at any rate eonvertible into a benign.
Other notable features of the case ﬁerq@ that she was neot
only given the benefits of the mest aceredited local

applications/
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applications over an extended period, as recdmmended by

Ker but, in addition, she was dieted and drugged in a mannexy;

sufficiently special to have satisfied the demands of an
Osler. PFailure of such approved and intensive treatments
eouplgd withthefact. that she was the subject of a well
establishéd serofulous menifestation, served to provide
the most unfaveourable clinical material available. The
result obtained méy be oonceded ag gatigfying very
exacting eonditions.

Laryngeal diphtheria. Tracheotomy performed, On the
gixth day of resideﬁce, acute bronehitis developed, On
the thirty-sixth day, left internal strabismus appeared.
Bad faucial accompanied by bilateral anterior cervical
adenopathy. 20,000 units serum given ~ whieh large
dose was indicative of the serious nature ofythe loéal
involvement. On the fourth day, palatsl paralysis

nanifested itself,

Bad faucial.,



Cagse 12.

87.
Bad faucial and laryngeal: required steam,
Colour poor: ehild extremely toxic. Had been 111l for
fourteen days.
This patient requirec gight doses of vaccine extendiné
over tﬁirty days. Pregumably, her resistence had been
lowered to vanishing point during the time before admission -
a fortnight, in which the toxin was free te pervade her -
system. In spite of an earlier resolve to prevent
repeaﬁed vaccinations, in this instance élso, the adminige
trations were persisted with and no recourse was made to
the physiological test, for information regardiné the
toxic influenee (upon an animal) of the partieular bacillus
in question. It would have been interesting to discover
whether & few injeetions produced avirulenee and, if so,
whether the remainder was required to bring about complete
dispersal, The point would-have been weli worth investigat~

ing but, in this particular, as throughout, the work was

performed/
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Cage 16,

performed under war-time disabilities. ILaboratory
materials were at a premium and, almost invariably,
were unprocurable when most needed.

Unfortunately, organismal gtates are Precisely
limited in time and it is not possible to maintain theqrfor
short periods, much less indefinitely, whilst awaiting the
overdue arrival or tardy manufascture of the more eomplex
differentiating media, Guinea—-pigs were all along most
diffieult to proecure and many times were unebtainable,
Bad faucial. Marked anterior cervical adenopathye.
10,000 units serum given. Had five dogses of vaccine and
required twenty-five days to negative. Was only twenty-one
months old, had  -contracted diphtheria in labe convalescence
from measles, was consequently vulnerable to bacillary
invagion,and would have little natural resistence to
combat persistency;‘
Laryngeal, faucial, nasal. Put in steam=tent.

Distinct cardiacQirregulag)irregularity.



Case I7.

(ase 18.

Case 19.

lase 20,

69.
Bad faueial. Marked anterior cervical adenopathy.
Bad faucial, Sharply ill: pale: toxic. 111 for éeven
days. On twenty=third day,developed left middle-ear
infection with otorrhoea which continued for twenty-eight
days when vqccine wag given. On fourth day thereafter,
otorrhoea had ceaged and, by sixth day, the throat alse
wag clear.
Laryngeal. Put in steam~tent.,
On fifth day, left otorrhoea commenced. The discharge
teemed with B. diphtherisae. Those were true B. diphther—
ise and not diphtheroids, as shown by the sugar reactions.
The otorrhoea ceased on the day following.an injeetion of
a dose of vaccine conﬁaining ten million organisms.
Patient had scarlet fever and an extremely bad accompanying
faucial diphtheria with considerable bilateral anterior
gervical adenitis. ‘ 30,000 units of serum were given
during first three days of residence. On twenty-second
day, left otorrhoea appeared and, on twenty—fifth day, right

otorrhoea/
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otorrhoesa. These persisted for néarly nine weeks but
were abgent for a week before vaecination commenced .
Although she required five doges, thig was not surprising,
considering her original eondition and the doub%e middle—ear
inféction from bilaterial Eustachian tube eontamination.a
Eighteen days were required to "negative" her throat
swab.

In this econneection, an original t@eory, for the
persistence of the B. diphtheriae in the eonvalescent
throat, is offered.

The generally aecepted ineffieciency of loecal antigeptice
thioat apcliecations is assumed to be due to Bustachian
tube infeection econstituting & congstant souree of faueial
reinfeetion.

Antisepties, as lgeally applied, even although their
use in lethal concentration were practiecable, can.do no
more than inhibit the growth of or sterilise the organisms

net with on the parts reached. They e¢annot penetrate

sueh/
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such an accessory structure as the tube just mentioned
and hence need hot be entrﬁsﬁed with a mission of complete
bacillary extermination.

The point, as to whether or not Bustachian tube
infection occurs; need not be laboured.

Apart from the correboration which ig afforded from’

an analogous observation, namely, that many laryngeal
diphtherias which have persistently cultured "negative"
for wéeks, ultimately become "positivg" for a threat swab,
(thereby demonstr&ting'the spread of causal organisms
from upper respiratory traet to fauces = Cases 30 & 33),
tﬁere is clear proof of the contention in the fact that
the otorrhoea of diphtheria is of speeifie origin and
terminable by the exhibitien ef a specifiec sntibaeterial-
containing vaccine.

The organisms is&lated in the cases treated (Cases 18 & I9)

were not diphtheroids nor pseudo-diphtheria baeilli (which

are/
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fage 23,

fage 24,

lege 27,

lse 30,
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are not infrequently present in otorrhoea from varying
causes), ag their true nature was verified by the application
of the sugaf tests and the physiclogical determinant.
Tonsillar and nasal. Thin, puny ohild. 10,000 units
serum.

Tonsillar and laryngeal. Pulse feeble. Tracheotomy

performed, two hours after admission. 8,000 units

~serum repeated on the seeond day. Right otorrhoea

appeared on thirty-first day and persisted fer a week.
Laryngeal., Voice husky, almost inaudible. Dry, "throaty",
ineffeetual cough. Put in steam-tent.

On thirty-third day, bilateral losgs of accommodation'present.
Tonsillar and laryngeal. General broncho~pneumonig¢ catarrh

with urgent cough.  Developed middle-ear infeetion with

otorrhoea on forty-first day. HBequired four doses‘vaccine

extending over twenty-four days.
Laryngeal. Colour poor, cyanosis marked.

Tracheotomy/



Case 31.

Cagse 3%,

Case 34,
Cage 35,
Cage 36,

Cage 37,

Cage 38,
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Tracheotomy performed within a few hours of admigsion.
Culture "positive" from pmucus in wound, "negative" from
fauces for thirty-six days, when B. diphtheriae appeared
and persisted until dispersed by vaccine.

Tonsillar and laryngeal. Colour poor. General broncho-
pneumonic catarrh. Tracheotomy performed.

Laryngeal.

2

The diphtheria organisms did net appear in the throat
for fifteen days but remained for twenty-seven days

when they were removed in one day withe;dcse.of vaccine
containing twenty million organisms.

Laryngeal. Very croupy. Put in & steam-tent.
Laryngeal. Croupy. Put in steam-tent.

Tonsillar and laryngeal. Croupy . Put in steam-tent.
Bxtensive patching of both tonsils. Child toxic, having
been i1l for five days. Active ringworm on scalp.v

Bad faucial. Lecal lesion spread after admission,

necessitating additienal serum on the second day.
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Laryngeal. Poorly nourished: pale: cyanotic.

Tracheotomy performed shortly after admission.

'This boy had been, for the preceding two years, an out—

patient at a general infirmary where he was treated for

the late effects of an infantile paralysis.
In this connection, the fellowing acceunt of & rare
condition ig perhaps worthy of mention. In conformity

with practice, the tracheotomy-tube was removed on the

third day. As obstruction recurred, it was returned
eleven days thereafter. Such recurrence of obstruction
.

wag singular but preobably resulted from ciottrisation
of the trachéal wound causing such a defermity of the
trachea ags to reduce effectually its normal patency.
The tube was removed in forty-eight hours. After a
further nine days, tracheoctomy had again to be resorted
to on account of the extreme respiratory embarragssment.

Bven after twenty days, he was unable to do without his

tube . The wound, therefore, was freely opened up and

the/
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the trachea examined with a view te the possibility eof
there being a "tag" of tracheal tissue acting as a
ball-valve. No suoﬁ condition was found. The
cicatricial tissue, however, was dissected away from
the trachea. On the tenth day, the tube wasg finally
dispensed with. Te all appearance, then, this case
provided an example of the rare condition of & patient
who had developed the so called “tube habit". He brooked
no interference with the "brooch" for, on its removal,
obstructive phenemena were immediaﬁely induced. This
was demonstrated by the expgriment of withdrawing it
very carefully in hig sleep. He was not incommoded
but, on waking and realising its absence, he started
up in a fit of terror which brought en the aprearances
of an actual respiratory obstructien only relieved by
replacement of the tube.

Tensillar.' Serious involvement. 12,000 units serum
given. Albuminuria present for fifteen days. This

patient required five doses of vaccine and took thirty

days to clear.
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MSe 44, Bad Faucial. I2,000 units serum given.

111 fér five days before admission, and,.aé a resuit,

more than usually togic.
(ase 46. Tonsillar., IZ,OOO‘units serum,
I11l for four days, during which time there had been
sérious toxic absorption.
(ase 48. Laryngeal. General broncho-pneumeonic catarrh.
Tracheqtomy performéd ghortly after admission.
&Mm 50. Bad faucial. Marked inveolvement. 8,000 units serum,
followed on succeeding day by 16,000 units as membrane
showed signs of extension.

TABLE B.

Table showing the Classification of Thirty-two cases

with "S8evere" initial lesions:-—

Tengillar
‘Paucial ' I
Tensillar and Nasal
Faucial and Laryngeal
Laryngeal and Tracheal
-Four Tracheotomies
Tonsillar and Laryngeal
Two Tracheotomies
Faucial, Nasal, Laryngeal

H Ul O MWD

All/
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All laryngeal cases of diphtheéria were classified as
"severe”, in spite of the fact that the toxin absorptien
from the laryngeal and tracheal mucous membranes is

not enly legs than from the nasal but even from the
faucial.

The‘seriousness_of the obstructive type of the
disease is not only in the immediate risk of tracheotomy
but.in the very usual, in fact, the almost invariable
accompanying bronchial and pulmonary catarrh of undoubted
diphtheritic origin. This disability, taken in con-
ju?ction with the vitality-lowering toxaemia of diphtheria, -
exerts a crippling and devitalising influence requiring
many weeks of convalescence 1o overcome.

There is ample proof that the brenchitis, broncho-
pneumonic catarrh or actual broncho-pneumonia (so constantly
associated with eroupeus involvement of the upper respira-—
tory tract) are céused by the E. diphtheriae. This fact

1s réadily appreciated by ebserving the remarkable manner

in/
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in which these reépective conditions c¢lear up under the
influence of.serumvespecially when given in successive

doses. Much is to be gained by pushing the serumuntil
the respirations and temperature fall.

The.cases, then, presenting “severe" lesions,
afforded-additional proof of the truthfulness of the
eriginal contentions for, with but rare exceptions, all
possessed predetermining complications.

Thusg, of the thirty—twé individuals invelved, twelve
had some form of broncho-pneumonic disease, three had
"accessory passage” infection‘(two‘with otorrhoes and
one with rhinorfhoea), whilst four had a double infection
‘of lungs and middle-ear.

Of the remaining thirteen cases, eleven had very
serious membranous‘involvement of the fauces, whilst two .
presented more thgn usually severe tonsillar lesions.

In all the "severe" cases, 1t may be taken that,

by/
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by reason of the co-existence of the faveuring factors,
the ground had been well prepared for diphtheritie

bacillary persistence. Had a prognosis been demanded,

it might well have been based upon the desiderata suggested,

a8 in no case would the forecast have been erreneous.

FACTORS PRESUMPTIVELY CONTRIBUTORY TO THE
PRODUCTION OF "POSITIVE THROATS".

Naw that a bread classifibation of cases, under the
headings eof "mild", "moderate", and "severe", has been
completed and conclusions drawn therefrom, some further
consideratiens emerge.

Since there may be various factors contributing

to the production and maihtenance of a merbid state,

careful nete was takenand record kept of many circumstances

which were thought likely to have etielegical bearing

upon bacillary persistence.

Attention was accordingly directed te questions of

sex/
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sex and age, the pre-existence of albﬁminuria, the brand
of serum given, the-infectious fever histery of phe patieqt,;
and the day of disease on which serum was administered.

Regardinhg the etiology of diﬁhtheriavitself, it is
recognised that, in the first ten years of life, sex
exerciseé a'negligible influence. After that age, for
many well defined reasons, domestic énd otherwisge, feﬁales
naturally fall mere ready victims te the disease.

The geries of carriers of the B. diphtheriae,

presently under review, wags made up from twenty-two males

"and twenty-eight females. Taken in conjunction withthe

age incidence, it will be seen that such a preopobrtien
is not at variance with that maintaining in the disease
itself.

Ne preof, then, is forthcoming that sex, "per se",
exerts any pariicular predetermining influence.

With regard te the question of age, it was not found

that/
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that persistence of the B. diphtheriae in convalescence
was liable to affect disproportienately those at ene time.‘
of life more than at another.

TABLE C.
Table shewing the Age-incidence of a.series of Fifty

cages i—

GE. I -5] 6-1I1] 12~ 16| 20 - 25| 36.

3

Diphtheris is peculiarly & disease of the first
ten years of life and veryespecially of the first five.
The period’from infancy to twelve years claimg the '
majerity of cases. It will be seen from Table C that
60 per cent ef the patienﬁs requiring vaccine were under
six years of age and that 86 per cent were under twelve.,

As the individuals enumerated in the last twe columns

- gensisted eof twe mémbers of the staff, nursing diphtheria,

and/



and’two soldiers, previously referred to, it méy be'
taken that their infections were chance ones, and that,
had their circumstances and environment been less incrimin—
ating, they weuld have escaped. If, for the reagons
indicated, they be left out of account, there remgin
but 6 per cent who were over twelve.

Hefe algo, it can only be ooncludéd that £he gquestion
of'age dees not appear.

Again, in a well marked case of diphtheria, albumin—"
uria is a frequent symptemn.

TABIE D.
Table showing the Number of patients who had

"Albuminuria:-~

Albuminuria. . None. Urine unebtained.
‘Lasting 3 ~ 22 days Under two years of age.
16 27 7.
I8. "In averagely severe diphtheria the proportion of

patients/
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patients with this symptom is about 30 or 40 per cent:

but when the epidemic is benign in character the percen-

tage may be very much less."

It will be seen (Table D) that altheough 32 per cent

<

suffered from texic interference with the nervous: f:

mechanism.of the kidney, the fact ef seven (fourteen
per cent) being in deubt vitiates the significance of
the statistics.
| Bxcept in so far asg albuminuria is admittedly
indicative of a "severe" initial lesion{ (thereby fulfilling
the third of the péstulates), it is apparent that pre-
. eXisting toxie nephritis had little, 1if any, influence
in determining late bacillary persistence.

Further, an interesting péint was to.discbver if the
‘partioular brand ef serﬁm administéred,governed in any
measure the future cenduct ef the B. diphtheiiae in each
~instance.

Strangely/
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Strangely eneugh, examination of the records reveals
the coincidence that twenty-five were breated with
Burrough and Wellcome's brand, twenty—five with Parke
Davis.

The German make of gerum, much in use in pre=war
times, was‘unobtainable)hence no eobservation can be madeﬂ
upen it here.

It is te be regretfully admitted that experience of
all tﬂe sera then available proved the German brand least
provocative of serum troubles dnd most rapid and effective
in its local and general actions.

In these respects it stoed alone and consequently
had established itself in high favour with antidiphtheritic‘
serum therapists.

The spirit of inquiry would have been stimulated and
gra@ified by any disclosure ef its unfavourable comparisen
in the present cennection.

Hewever, it may justifiably be concluded that, for all

practical/
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praetieal purpoges, serum variation plays no appreciable

part in the causation of "positive" throats.

A noteworthy point for consideration was that of

previous infectious digeasgse, more egpecially ag it

related to involvement of the respiratory traet and lungs.

TABILE E.

Table showing the Infeetious Fever History of Fifty cages:—

Measgles.

Whooping Cough.

Measles and Whooping-Coug

I8

4

15

In very many of the cases the diphtheritie dttack
had followed elosely a previous measles or whooping-cough.
In faet, in no ineconsiderable number, the former infeetion
was a convalescent sequel of the latter,

The very lack cf.resistance whieh predisposgd to the
subséQuent infection presumably militated against the
early dispersal of the invading baeillli.

It would apoear that mucous membrane, damaged by the

inflamnations/
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inflammations a&ecompanying sueh fevers as measles and
whooping—eough, espeeially when further violated by
diphtheritie toxin absorption, forms & very suitable
loeale for the perﬁetuation of B. diphtheriae.

Tablé E. Indieates that eighteen had had meaéles, four
whOOping;cough, and fifteen both meagles and whooping=ecocugh.
In other words, 74 per cent of the patients (practieally
three—fourths) had been, in the more or less immediate

past, the subjeets of Jjust sueh damaging influeneces as

i bk

«":"" o

would produee indifferénce to the presence of an organism
whieh readily assumes saprophytie propensities.

Inasmueh as these findings are corroborative of those
whieh have been fully indiecated previously, the& need not
now be elaborated further than to weiterate that preeceding
or eoncurrent respiratory traet disease appears a truly

potent faetor in the produetion of "positivity"'.

Lastly, eonsideration was given to the day of disease

on/
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on which serum was administered.

The foliowihg table shows very'strikingly the advantage
to be gained by the,early exhibition of serum in the
treatment of diphtheria.

19. "Table showing the Mortality of Diphtheria aecording to the

day on which Serum was first injeoted in 2,496 eonsecutive

cases" .
Peroentage of
Day of Illness} Patients.] Deaths. | Mortality.
Pirst 90 2 2.22
.Seeond . 6II 20 3,27
Third 707 38 537
Fourth 504 45 8.92
Fifth 276 26 9.42
Sixth 122 I2 ' 9.83
Seventh AIO4 I@ 13,46
Later 82 14 17.07
Total}l 2,496 171 6.85




I08

Patients who are saturated with texin, absorbed for'
three or more days, cannot be expected to have many antibodies
(antitoxie or antibacterial) intheir blood—sﬁreams.
Although the antitoxie properties of the latter are
artifieially enriehed by the addition of antitexin, no
attempt is made to provide antibadterial substances.
The very natural eorollary that the longer the initial
delay, the greater the liability to subsequent “"positivity",
night be antieipated, and the féllowing table (Table F)
proves its accuracy.

TABIE F.

Table showing the Day on which Serum was first injeected

in Pifty consecutive cases.

Day of Illness.) Patients.| Day of Illnes:.|Patients.
First 2 ‘ Sixth 6
Second 14 Eighth I
Third 4 Twelfth I
Fourth 5 | Fourteenth 2
Fifth s N Twenty-firsy I

Thirty-four patiénts did not reeceive serum until the third

day or later.
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This represents a big pereentage of the total and
is avpoint worth taking inte acecount in egtimating a prog-
nesis or if called upon to indiecate roughly the length of
time a given individual is likely to ke incapacitated or
isolated. It ought to be possible to make such estimates
with reasoﬁable‘accurac&. At least they will have to be
attempted as, in the future, they will be demanded in the
intergsts~of commerecial economies. If it cen be demonstrated
‘that, after a given day 9f untreated illness, there is a
greater tendenéy to late pergsistence of the causal organisms,
koth the patient and parties interested in him might be warned‘
of his probable protracted residence.
It is relatively uncommon to find patients, who have
not geeured the benefits of serum till the fifth day of
illness, ridding themselves of the tongillar infeetion
within the normal perilod. Moreover, it 1s noteworthy that,
géneral}y‘speaking,-the originally negleeted lesion is, as

one/
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one might antieipate, the forerunner of the ease whieh is -
refracetory even to vaecine therapy. Possibly every
treatment known to modern medicine is more potent in its
action, more eertain in its cure, and mbre permanent in
its efficaecy the earlier its apovlication. Here, there
is ne exéeption to the golden rule that prevention is better
- than eure and time the principal determinant.

Of the six cases which took longer than a fortnight
to clear up with vaecine treatment, one only (Case I5)
had been giveh serum on the supposed second day of illness.
Of the others, three came undér obgervation on the fifth
day, one on the sixth, and one as late as the twelfth.

As with Ker's table, (p.107)it is to be explained that
the history of~€ﬂe case, g8 given by the mother, was aecepted.
éince the najofity of admissions was'drawn from the poorest
class population of the "Bast Bnd"”, in whem the earliest

signs of disease are not usually recognised or heeded, it

is/
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is extremely probable that most of the illnesses were of
longer duration than wasg alieged. In any case, 60 per ceht
who became carriers were not given serum before the fourth
day of invasgion. In faet, twenty—five or exacply 50 per
cent, did noet reach hogspital until the fifth or later Qay
of illness.

It may be safely coencluded, therefore, that length of
untreated illness bears a direet relationship to probability
of “earrying".

‘ Until a considerable number of cases had been observed,
the possibility of simple coincidence bulked largely in any
inter@retation to be put upon the apoarent eures. It was
necessary, therefore, to produee some evidenee whiech would
negative such alconclusion.

In the first instance, the vacelne was reserved for suéh
pdtients as had been in residence for unduly prolonged

periods. This wag done deliberately’as it had been proved

that/
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that most "positive"'throats cleared up sooner or later
without interferenece, The suececessful appliecation of the
_vaeciﬁe during the earlier periods of convalescence, might
certainly have been ineonclusive, since it was open to.
argument that the organisms were disappearing in any ease
and that it was fallascious to eredit the vaeceine with their
removal .

In order elearly to demonstrate that éuch a view was
untenable, opportunity was taken to commenee treatment at
very varying perieds pf residence. A glance at Table G.

will meke this clear.

TABLE @&.

Week of Regsidence.| Cases. Week of Residence. Cases.
Third 3 Tenth | 3
Feurth 7 Eleventh 2
Fifth 3 Twelfth I
Sixth 5 Thirteenth 3
Seventh 2 Fifteenth 2
Eighth I0 - Sixteenth 3
Ninth 5} Twentieth I

It eould not readily be assumed that in fifty

eonsecutive/
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econsecutive cases, treated over periods ranging from the
third tn the twentieth weeks, mere céincidence offered guffiecien
explanation. In the majority of cases, the diphtheria
-organism disaprears from the throat in the course of the
first ten days or thereby, although, in a minority, it shows
a tenden&y to reappear about the beginning of the fcurnh week.
Ndrmally, however, by the sixth week, when "dismissal" swabs
are due, there is no sign of bipolar baecillary forms in the
resulting films. The patient, therefore, can be dismissed
free fron infeetion. The econverse may be elaimed to be
equally true;namely, that all cases showing a pergistence
of the organismg up to and innluding the gixth week are
- potential earriers and unlikely to become ﬁnegative” for an
indefinite periocd.

Thirty—-two of the cases (64-per eent) were not interfered

with until the seventh week or later. Ag it had been found

that it was in just sueh resistant cases that the older methods

failed/
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failed, it was felt that they provided the severest test for
vaccine treatment. Since many of them had already bezn giﬁnn
full courses of the most aooredited preparations, formal-

.dehyde: etc., without efféct, resort wag finally made to the
vaccine with results that Justified its use.

In support of this claim, one example may be quoted -

CASE 10. Nurse-, aet 24, admitted 2.1.17.
Patient was well nourished. Tongue slightly furred. Throat
congested: no patching. Slight bilateral anterior cervical
adenitis.

Heart, lungs, kidneys - normal.

12.1.17. Complaint of nausea and anorexia.

Sodii Bicarb. and Lig. Pancreat mixture t.i.d.a.c.
23.1.17 Above mixture discontinued.
26.1.17. Allowed to sit up in bed.
%0.1.17. Allowed up in clothes.
3%.2.17. Culture pesitive.
12'2117' Culture posgitive.
16.2.17. Cﬁlture positive.

23.2.17. Culture positive.

)

Throat treated lightly with the B.P.Tinct.Iodi,
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27. 2. 17. Throat treatment discontinued.

1.3.17. Culture negative.
5,%5.17. Culture positive. .
8.3.17. Culture positive.

Throat swabbed t.i.d. with 2 per cent Chloramine T.
10.3%.17. Above treatment discontinued.

11.3.17. Culture positive.

43 minims Diphtheria Vaccine - 10 millions injected.
13.3.17. Culture negative.
14. 3. 17. Culture negative.
15.%.17. Dismigsed free of infection.

Many similar cases of histories might be recorded but,
as they are practically reflections of the one given, their

repetition is unnecessary.

On being satisfied that the vaccine possessed potency
under the-conditions of experiment already outlined, it was
thought wise- to test its influen&e in early cases. The
possibility3of a given medium having a very different in-
fluenoe—upon an organism at the third week and at the twent-
ieth was not overlooked. It was granted that legitimate ob-
jection to the methods could be based on such an hypothes;s as

that/
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the twenty-weeks—old saprophyte might very well succumb,
whilst the three-weeks—old parasite might be quite unaffected.
Opportunity was aooordihgly taken to vaooinatg thirteen cases.
during the third, fourth, and fifth weeks of illness. (Vide
Table G. p.112), This was the more readily undertaken
as there wés curiogity to learn if the antibacterial infiuence
nmight not be evanescent. It wag felt that two or even three
consecutive "negative" swabs did not preclude the possibility
of an earlier or later return of the bacilli.

In the ordinary course of hospital practice, it was
not possible to retain patients already reéident for weeks
and monthg, in order to investigate this problem. When,
however, those in early convalescence were dealt with, such a
disability did not exist.

The following detailed report.will suffice to in-

stance the vaccine's reasonable durability of action:

CASE %6. 1Isa - , aet 3, admitted 11.4.17.
Patient was well nourished. Tongue furred. Throat con-

gested, patch on right tonsil. Heart — normal. Lungs - mi#id

general, catarrh.
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Child was croﬁpy and required sgteam.
12.4.17. Culture pos;tive.
16.4.17. Steam discontinued.
28.4.17. Culture positive.
29.4.17. 9 minims Diphtheria Vaccine = 20 millions injected,
1.5.17. .‘Film showed no typical bipolar’staining baoiili but
mere baclllary debris and beaded degenerates.
2,5.17. Culture negative.
3.5.17. Culture negative.
4.5.17. Allowdd to sit up in bed,
11.5.17. .Allowed up in clothes.
12.5.17. Cﬁiture negative.
24.5.17. Culture negative.
26.5.17. Dismissed free of 1nfection;

In this particular case, ﬁhe vac¢ine wag given on the
eighteenth day of residence and the ﬁhroat swab was found to
remain "negative” tﬁenty—@our days thereafter. Except in a -
few minor and unimportant details, this case reflects the

remaining twelve met with&pugi;the question of permanency

of action will be alluded to later.
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Barly wvaccination pfoved of great value in two
others where, for reasons hereafter set forth, it was de-—
sirable that early dismissal should be secured.
CASE 9. Mary -, aet i, admitted 13.2.17.

Patlent was poorly nourished; very pale; "ailing" for past
three weeks. Artificial dermatitis on b;ck of chest due to
poultieing. DermatitiS’of groing, buttocks, perineumn. Chiid
had a double internal strabismus. There was considerable
head rétraction, accompanied by peevishness on 1hterference.
Her crying was almost continuous ahd there was a "cerebral"
character about 1it.

Tongue very furred; throat cohgested, clean.

Heart -~ gounds week and indeterminate.

Iinggs - catarrh general over béck of left chest.
There was diarrhoea.

15.2.17. Culture positive.
Lumbar puncture proved '"negative” for the mening-
ococecus.

10.3%.17. Culture positive.

11.%.17. Child unusually fretful, peevish and noisy.’
As there was no peace night nor day for the other

patients in the ward, it was dlcided to give vaccine
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early in the hope of ensuring dismissal.

13% minims Diphtheria Vacecine = 30 millions injected.
13.3.17. Culture negative.
14.%.17. Culture negative.
15.%.17. Dismissed free of infection.
It is clear that the hope entertained was justified asgone
medium dose negatived the ”positivity" and made her dismissal

possible withdn four days.

The other case bearing on this agpect of the subject
may be- cited as it typifies many to be met with in fever
practice. The result obtained was not only satisfactory

in itself but especially in that it afforded a happy augury

for future situations of a like kind..

CASE

11. Patrick - , aet 1 8/12., admitted 25/2/17.
Patient was very poorly nourished. Tongue furred. Throat
congested, clean. Cough somewhat urgent. Heart = sounds

accelerated but of fairly good quality. Iungs - acute

"bronchitis general in both lungs.

26.2.17. Culture positive.

28.2.17. 7.  102.8%F: P. 164; R. 46. Lobar pneumonia,
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right chest, lowest lobe,

1.3.17.

T. 104°F. Cough severe. Pneumonic spread to

middle and upper lobes.

2.3.17.

4.3.17.

h.3.17.

9.3.17.

10.3.17.

11;3'17',
17.3.17.
23%.%.17.

25.3.17.

T. 104.8%p; P.'l70; R.62. = No change.

During past 24 hours, temperature dropped by crisis

to 98.49F,; P. 156; R.48. Probably a pseudo-crisis.

Temperature rising.

For pasgt five days continued fever ranging between

101°F, and 1020@m,

On this, the sixth day after pseudo—crisis and the

eleventh day of the disease the temperature declined.

_(99.2OF.)

T. 97.2°F; P. 145; R.44.
Culture positive.
Culture positive.

As the mother of the patient was digsatigsfied with
his progress and was convinéed that if she could
treat him at home with "poulticing and the run of
the housé," (which had apparently included liberal
quanéities of butcher meat), 1t was decided to usé

vaceine against the possibility of meeting this wish.

4% minims Diphtheria Vaceine = 10 millions injected.
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27.%.17. Culture negative,.
28.3.17. Culture negative.
29.3.175 Dismissed free pf infeection.
The knowledge that a satisféctory conqlusion night with
reasonable certainty be reached on the fourth day after in-
Jjection (as obtained in the case just guoted), reliéved the
previous feeling of impotence in the face of popular clamour,
discontent, and troublesomeness.

Further considerationsg suggesting themselves for dis-

cussion are those of dosage. and number of injectlions of Vaccire

which it was found necessary to administer to ensure success.

TABLE H.

Table showing the Dosage given in the series of cases.

Millions of Organisms )] Cases. || Millions of Organisms.] Cases)

10 11 .50 2
20 17 60 1
30 ‘ 13 200 2
40 4

It was naturally felt that the smaller the dose the

more readily would it recommend itself, since four and a half

drops/
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drops of fluid need not alarm even a very youthful patient,
especlially as po pain 1s caused when it is injected into the
goft tissues in the interscapular region.

The situation indicated was found in practice to be
guite the mostvsuitableﬁf?ﬁg the skin 1s less sensitive-than
in most other situations and further, the fact of beingdable
to work behind an infant adds.not a little to the simplicity
of the operation as 1t can be completed before the‘ohild is
consoious of any unusual interference.

In the majqrity of casges, a ve?y few injections were
found reqguisite to effect the purpose.

TABLE J.

Table showing the number of doses of Vaccine given.

Doses. of Vaccine | Number n Doses of Vaccine Number
One -~ - — - - - 24 Five - — — — - 3
Two - - — — - 15 Seven -—-.- - - 1
Three — - - - -~ 5 Bight - - - - - 1
Four - - - - - 1

Table J shows that, by vaccinating every fourth day, 88 per
cent of the cases; having received at most three doses, could

have been dismissed on the tenth day.
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Tﬁe next Table (Table K) shows in more détailed
faghion the number of days after vaccination during which the
throat gswabs remained “negati&e" in each of the fifty cases
comnprising the series.

TABLE K.

Table showing the Number of Days during which the

Throat Swabs remained "Negative” after Vaccination.

Number of Days. Cases. Number of Days. Cases.
Two 13 . Ten 1
Three 7 Twelve 1
Four 8 Thirteen 2
Five 5 Fifteen 1
Six IR Seventeen 1
Seven 2 Bighteen 3
Eight 1 Twenty;four 1
Nine: 1 Twenty-seven 2

On acecount of the exigencies of the situation (ep.p.119)
nearly three fourths of the patients were dismissed within
gseven days of thecompletion of treatment as it was found
impossible to retain a larger number for observation purposes.
Neverthelegs, fully‘one—fourpﬁ remained for from eight to
. twenty-seven days without manifesting renewed "positivity"” or

sustaining re-infection.

It may be claimed that such a proportion justified the
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vaccine's claim to reasonable efficiency.

Still another point on which information was sought
and collected was that concerning the length of time occupied
in obt@ining the results.

It is obvious that all practicable therapeutic procedures
should be conservative of time and very especially duriﬁg war
when, if ever, there is truth in the adage, "time means money".
It is also clear that, in the language of the work-shop, given
an aﬁplianoe which is a "time-saver", the "output'must be facil-
itated, and "maintenance" costs reduced. The economics of the
subject will, later, be dealt with separately. For the pre-
sent, a glance at the table (Table L) will show that the time
congumed in effeeting the object varigd within conslderable
limits, namely, one to thirty days.

The single case (Case 4) whiohvremained apparently
unaffected after thirty days 1is purposely excluded for reasops

fully outlined in the text above (p.83),
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TABLE L.

Table showing the Number of Damys taken to "Negative" the

Throat Swabg in the series of casges.

Days. | Casges. | Days. [ases. Days. Cases.
one 19 ‘Eight | 2 Fifteen 1
Two 3 Nine 2
Three 1 Eleven | 1 Twehty—four 1
F'our: 1 Thirteen 1 Twenty-five 1
F'ive 7 Fourteen 1
Six A Thirty 2
Seven 3 Forty-four 1
irst Week. Second Week. || Third week and later.

Examination of the figures reveals these faects.
In thirty-=sevén cases (74 per eent), or practically three-
fourths of the total, the object was attained within one week,
- forty-four (88 per cent) or, adding the one which required
fifteen days as being sufficiently comparable to warrant in-
clusion, forty-five (90 per cent) required two weeks, whilst
only four (8 per cent) took lomgér.

It may fairly be accépted,therefore, that, so far as the
time factor is concerned, the vaccine treatment of "positive
throaﬁs" is unassailable by comparison with any of the other_

meansg advocated.
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VACCINE EFFECTS - PULSE, RESPIRATIONS, TEMPERATURE,

SKIN.

Finaelly, there fall to be recorded any untoward
effects which were noted on the vaccinated patients as evi-
denced by examination of the pulse and respiratory rates and
" the temperature charts.

In most cases, vaccination wasg performed when the
morning ward visit was paid between 11 a.m. and 12 noon.
The rgdial pulse was taken hourly for about forty=eight

hours from 9 a.m. and the rate charted graphically as in

fig. I. (Overleaf)

In order to obtain such charts as those depicted, it
is essential that the pulse rate be recorded for two or three
hours before the vacecine is administered. Ifithis precaution
be not ﬁaken, the first upward tendency will be lost as the
normal pulse rate of the particular individual will not be
known. In the case of infants,(and it has been shown that
they form the bulk of;diphtheritic victims), wrong conclusions
will be drawn unless extreme care is exercised -~ for the very

slightest psychical disturbance causes guite disproportionate
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effects on heayt and pulse. The mere glimpse of a
"preparation-tray" has been known to vitiate results and aﬁy
crying or undue exeitement makes records of pulse-rates
valuelesgs. The sequence of cardiac events was very conétant.

Usuélly in a few hours, one to six, there was an initial»
acceleration lasting for from three to seventeen hours (averége,
nine hours).

This was succeeded by a wave of depression extending .
over four to twenty hours, when there occurred, about the
twentieth hour, a secondary wave of acceleration of variable'
duration (average,tﬁelve hours). fhe crest of this latter was
in some instances higher than that of the initial wave. .

In well marked charts, the beginﬁing of the primary
crest represented a figure about twenty beats in excess of"
the normal, whilst the maximum rate registered frequently
added a further twéﬁty. Ordinarily, the topmost registers
of the two crests were more or less comparable. No scientific
pro&f'is offered as to the method of production of these

variations, the mechanisms involved, nor the intimate changes

which doubtless predicate them. It is tentatively suggested
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that they are explicable by the haematological disturbances
which are believed to be engendered by the introduction into
the blood-dtream of any vaccine. In fact, the curative pro-—
perties, undoubtedly possesséd by vaccines, are believed to be
due to thé production in the serum of so called "phases."
Jack declares that, "upon the injection of a suitable dose of
vaccine there follow (1) a brief period ('"negative phase") in
which the opsonic content of the serum is lowered, the existing
opsonin being partially used up in sensitising the organisms,
and (2) a longer period ("positive phase") in which opsonins

are produced in increased qguantity, in response to the stimulus.

This inereased production is maintained for from ten days to

a fortnight or more ("high tide of immunity"), after which the
opsoniec production de;lines to the normal. A second injection
during the declining phase produces a repetition of the pro=—
cess, and thus maintains the opsonic content of thg serum

above the normal level, thereby rendering the organisms of

the particular infection more amenable to phagocytosgis."
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It may be that the var;ations in pulse=~rate follbw
the evolution of these "phases", so that the wave of de-
presgsion might be represented as céinoiding with the "negative-
phése",.whilst the succeeding wave of acceleration would.
synchronise with the onset of the "positive phase" or period
of "High tide of immunity". If such conjecture be true,
the_primary-orest would require to be credited to'psychical
disturbance foliowing the interference accompanying the
aduminigtration.

Whether or not such a theory is plausible, the factis
remain and are recorded as clinical observations.

With'reSpect to the resplrstory-rate, it was mostiy un-
affected as any increase recorded did not exceed a few per
minute .

Pyrexia Was exceptionalvand wag noted on but three
occagions . An individual temperature of 100 .2°F .was once
recofded in a patient of less than a year old. As the child
concerned was liablé, for no very well defined reason, to

sudden "forks" of tempersture the above reading may be dis-
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‘counted,or credited to mere coincidence.

No local reaction at the site of injection was ever
produced nor was there, at any time, complaint of pain or-
gtiffness on the ﬁart of any patient.

Pafients were kept in bed.for convenience of ob;érvation
and to prevent vitiation of pulse=rates by exertion. - As
no»cause for anxiety ever manifested itself, it can be safely
claimed that confinement to bed is an unnecessary precaution.
There would therefore appear to be no contra=indication to
treating a "carrier" as an out—patient and permitting.his

return home: out of reach of medical observation. Such &

practice would represent a considerable advance on the
?

2
present-day methods which necessitate the ind¢scriminate

removal of many to the Isolation Hospital and their treat-
ment there as fully established cases of clinical diphtheria.
Apart from the undoubted hardship imposed on individuals,

congidered from the monetary standpoint alone, the latter

procedure is indefensible.
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ADMINISTRATIVE AND ECONOMIC CONSIDERATIONS.

In conclusion,it will be inte?esting to Judge of the
advantages of piactising vaccine therapy in diphtheria
"pogitives" from the administrative and economic points of
view.

To a large extent, success in hospital administrationv
centfes round the problem éf early dismissal of patilents.

.
This applies especially to fevers where, from the very
nature of things, peculiar difficulties are more liable to
arise than elsewhere.

When it is realised that patients are compelled by
law to leave their homes and be isoclated for long periods
withouﬂ!opportunity of geeing their melatives and friepds,
it Will be conceded that the situation is a delicate one
demanding tactful handling alike by the medical and
nursing staffs.

The scanty reports available to vigitors, either

through the medium of an inquiry office or daily bulletins

in the press, more particularly whére young children are
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concerned, not uncommonly appear to create 5 feeling of
uncertainty in the minds of parents. Could they be per=~
mitted to see their children, as caﬁ be done in all General
Hospiﬁals, anxiety would be allayed and easy relationghips
between étaff and friends more readily maintained. Under
the circumstances, however, even such a small privilege
cannot be granted, so0 that it need not be wondered at if, afte
geven, eight, nine or more weeks, an attitude of open hogtil—
ity is engepdered in the parties interested and charges of
insincerity and even neglect levelled at administfative heads.

It may be recollected that, in the introduction to this
thesis, 1t was stated that it was in the hope of relieving:
just such situations as those indicated that this investi-
gation was undertaken.

As to how‘far the effort has been realised must be left
to impersonal judgment based upon the faéts and figureg set
forth abo#e.

The economic aspect of the subject is scarcely separable

from the administrativemgggg for convenience of statementy an
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arbitrary“distinction will be made and some figures which
may be of interest presented.

In pre-war days,'outlay, oi#ic or national, was not
subject. to. overmuch scrutiny. Mere expense in administration,
unless fiagrantly excessive, was of surprisingly little moment
pfovided & reasonably obvious return in efficiency was de-
monstrable . With the advent of war, however, and the con-
gsequent revision of 1ldeas regarding expenditure, retrenchment
becane a passwordrgnd any mgasu?f&;likely“to check the rapidly
mounting maintenance costs, was welcomed. In such a
department of Civic activity as that devoted to Public Health,
there=is.po monet&ry return for the large sums expended.
Whereas in most other departments, economies could be
effected in many ways, Publio Health was afforded no relief.

It muet be obvious, then, that any means which can be shown
to ease the burden of costs is adoeptable and worthy of
general employment.

Vaccine treatment of the "pogitive throat" in diphthéria
wnenljudged by thig moneyasaviné standard, will be geen to be

of considerable value. As most of the cases comprising the
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series were taken from two wards in the Hospital, the follow-
ing comparative estimates of averages were drawn from figures
~of gimilar series in the same wards;

Fifty cases, as recorded in the Ward Journals, were
taken at'random from each ward for the years 1915-1916.
The average.number of days' residence was found to be fifty-
three and fifty=five respectively or, of the total one hundred
cages, fifty=~four. On the other hand, the average days' resi-
dence of fifty patients, taken indiscriminately from the "non-
carrier" population of the same wards in which the "positives"
were being treated, worked out at forty-three, whilst the
figure for the vaccine treated was seventy-one, The average
of the latter +two series will be gseen to b& fifty-seven, or
three days more than for the first two series. Thé difference
is to be aocounteq for by the inclusion, amongét the present
series of "carriers", of an unusual number of extremely "long"
cases. Ié must be rare indeed to have a patient resident for
two hundred and eight days or to have, in a short series, seeen

others whose average stay in hospital extended to sixteen and

a8 half weeks.
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In any case;it may be concluded that, on an average, each
person who became a‘”oarrier” lost exactly four weeks as
compared ﬁith one in whom the baciili showed no tendency
tobpers?st.

From the mass of evidence of?ered, it -appears that this
logs is unneeessary and need not be countenanced for the
future.

Unfortunately, on account of difficulties surrounding
the inguiry, the pereentage-figure of "carriers" to"non -
carriers" amongst diphtheria patients could not be ascertain--
ed. Had such a figure been obtainable, a simple calculation
would have shewn the total number of days lost per annum from
a preventable causey by the aggregate diphtheria admissions.

The following figures relate tO0 the year 1913%=14, that
is, the financia} period immediately preceding the outﬁreak of
war. They are the last which are readily available, as
reports in the elaborate and détailed form then obtaining

have not since been published. With bhe realisation that the

purchasing power of the govereign is now about 8/3d&, it will
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be granted that the‘call for economy is urgent and insistent.
It appgars'that the average cost per patient during the
vear indicated amounted to £10. 2. 6.: that the average daily
cost p§r~payient was 4/2.,79: that the average cost of treatment
per patient wag £9.12. 9.4 and that the average cogst of bed
per year was £77. 2. 4.é. In the light of present values,
thege flgures will convey thelir own meaning and 1t need only
be stated that, the present average daily cost per patient
being fully 8/-, there is cause for satisfaction. in the use
of an expedient which reduces the averaée residence,of even
a proportion of the total admissions’by'a period of twenty—

eight days.

A simple calculation reveals the fact that ewvery
diptheria pd%ient who becomes a'"carrier" costs the
chargeable authority, in food alone,£l, 15/~ more than one
who is dismisced at the end of the present average period

of residence.

During the year under review ('13-14), 1996 cases of

diptheria and membranous croup wereregistered. The average
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daily residence of all these patients was 47.9. There appears

to be‘no real reason for such a lengthy residenceﬁfgg@>with
the exception of & small minority of patients who fall vic-
tims to paralyses and late complications, sufferers from
diptheria are convalescent and able to get about from the mid-
dle of the fourth weelk. With the exception of thosge in&i—
cated, might not all the others be dismissed after a maximum
regsidence of five weeks ? S0 far as the writer's experience
has gone, nearly four years' observation of diptheritic patients
not only confirmg the possibility but suggests the advisgbility
bf a less protracted hospital residence for this disease.

Until vaccine had been used, it was not possible fo break
custom. in this regard as, in many, the means were not avallable
to Justify it, buti with the introduction of the sgpecific

the only disability was rgmoved.

If the term of residence of 1996 patients were
reduced from an average of 47.9 to one of 35, the number of

days gained would be 25748.4.

Taking into consideration food only,at the very
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moderate cost of 1/3d per head per day, this would represent
a saviﬁg of over £1609, and if all Local Authorities were

to enoourage Vaccination as a means oOf rendering "positive
Ithroaﬁs” "negative", the saving in expense, and labour, and
“hospital accommodation would be incalculable.

However, it is unnecessary to multiply such figures
of costs,as sufficient light has been thrown upon this
agpect of the subject to justify the economiévsoundness of
Vaooiné'therapy in the condition forming the text of this

thesis.
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ADDENDA .
The efficacy‘of the Vaccine in the prophylaxis

of diphtheria, amongst medical attendants, nurses and

contacts, is a gquestion which can only be referred to

. here. It may be said, however, that the measure is on

trial, and indications point to its undoubted value in

such a connection.

Since the completion of the Tifty cases above set

lférth, twenty-five further successes have been put on

recordm_
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CONCLUSIONS.

Local antiseptic throat applications are unreliable cures

for the "carrier" and the '"positive throat."

B. Hofmann should be definitely dissociated from B.

Diphtheriae.

Diphtheria vaccine produces well defined degeneracy
in morphological appearance of the cultured organism
followed by its completé digpersal from the locality

invaded.

In the past, the diphtheria "carrier" has been subjected
to hospital residence for weeks, perhaps months, which now

prove to have been easily avoidable.

- Diphtheria vaccine is effective in the treatment of the

Jpositive throat" of diphtheris convalescents and its

use is administratively and economically sound.



6.

-,

8.
9.
10.
11.

12.
13.

14.
15.
16.

17.
18,
19.

20.

¢

REFERENCES.

CLAUDE BUCHANAN KER. Infectious Diseases.
A Practical Text Book. pp. 420=~421.

OSLER. The Principles and Practice of Medicine.

pr. 195, 207.

‘McVAIL. The Prevention of Infectious Diseases.

Pp. 184-~18K=186. )

OSLER AND McCRAE. A System of Medicine. Vol 1.
2nd Edn. p. 732.

BOSANQUET AND EYRE. Serums, Vaccines, and Toxins

Deut. Med. Woch., Oct, 20, 1902,

Riv. di. Clin., Pediatr. 1905, No. 6.
I1 Policlin. July, 1906. |

Gaz. des HOp., 1905, p. 459.

Lancet. 1915! i. 275.

The Medical Annual. 1917. p. 167.

Jour. Amer. Med. Assoc., 1915, ii,2216,

OSLER. The Prinoiplgs and Practice of Medicine.
p. 196. o ‘

MUIR AND RITCHIE. Manual of Bacteriology. p. 423.

OSLER. The Principles and Practice of Medicine.
Pe 192~193. :

MUIR AND RITCHIE. lMenual of Bacteriology. p.424.
C. B. KER. Infectious Diseases. p. 387.

T ' - " " D. 354.
" . | " » " p. 406.

142,

W. R, JACK. Wheeler's Handbook of Medicine. p. 17.

Reproduced with permission of copyright owner. Further reproduction prohibited Withdut permission.



