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the fact that up to the present no work directly bear-

1. INTRODUCTION.

The gubject of this thesis is the outcome of
what might bte termed & "hereditary interest”™ in the
complex probhlem of the relationship of chronic infec- |

1
tions 1o the psrychoses and allied mental disorders.
Circumstances enabled me, while still a student, to

undertale very hunbly the contiznunation of my father's

Yo |

resecrches in the Scottish Asylums' Laboratory at a

>

I
point where his illness and death might have proved 1
the closgsing of a long end srduons chapter. Th qjs‘
|
|

would heve been so is, as far az I know, borne out by

ing on his later bacteriological studies has been pubs+
ligshed. The regsearches I have undertasken during the
past six years have been an attenpt to elucidate more
clearly what exactly are the bacteriological factors
at work, and, further, in what manner they attack the
econony generally, and with what result. In my en-

deavour to verlify and extend Ford Robertson's views I

have been singularly fortunate.

After nearly two years in the Laboratory of the

L

Scottish Asylums' I had the opportunity as Honorary |
1

Bacteriologist snd Pathologist to the Southport In-

firmary and assistant to Dr E. Cronin Lowe, (consult-
ing pathologist and director of the Southport Infirm-
ary laboratory) of studying a large number of private

end hospital patients during the course of two years

work. In sddition to undertaking bacteriologicel re-

search by anaerobic methods, it fell to me to organis q

a pathological clinigue, the object of which was te
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it e

Y

8id the physician in the diagnosis and treatment of

=,

obscure physiecsl disorders by the method of a "dlag-

=

M

108tic survey”. The scheme evolved necessitated z

|
systematic study of each patient by haematological and

'_h-

biochemical tests including funetional efficienecy
tests such ss the glucose tolerance and fractional '
test meal. Each case was also studied with & view to

|
discovering if possible some underlying bacteriological
|
" ' —— . . |
nfective condition which might have & bvearing upon |

fete

the stete of the patient. In the conrse of undertak-—|
ing a large number of patients by this method of ap- |
|
proach, some fifteen mental and borderland ceses came
under review. In many instences I wes much struck by!
their similarity to control patients in the underly-
ing physical disturbance found, snd, while in this

respect there was something in common, it was strik-

(=13

|
|
|
I
ing to note in some of the bhorderland, and certainly ‘
n those who were definitely mental, the absence of |

1

clinical symptonetology, in spite of the fact that .
they showed more gross functional physical disorder
on the average than did the non-mental cases. In
gastric disorders for example non-mental patients,
almost without exception, geve a clear clinical his-
tory referrible to that organ. In two mental patientsg
however no such evidence past or present was sscer-
tainable, although both were found to be suffering
from severe gastritis end dlsordered secretory funec-
tion. Xxceptional as these two cases may appear to be

this experience, which hss been by no meens confined

to the gastric mechanism, has been endrmously ,



opened, end I was offered the opportunity of organis-

D

n the study of the racteriologiecal floras, especially

-

of the intestine, there were bacterial elements con-
mon to the majority of the fifteen cases whiec
the other hand, were relatively infrecuently met with
in ordinary hospitael patients. This faet Turther im—i
pressed itself vpon me ﬁhen it had to he reslised

the! these additional infective faclors were in every

resrect similar to those so commonly seen in the cours
se of routine bacteriological work at the Scottish |
, ; : : |
~sylums' Laboratory. This evidence 1 believed at the

time formed a valuable link which, if opportunity

offered, might result in a chain of facts establish- |
ing the importance of this group of bacteria.
Farly in November, 1927, the New Reception Tospis

tal, (Wantage House), of St Andrews, Forthempton, was

ing the very work which had been begun smongst cases |
of mental disorder at the Southport Infirmary. It is:
not often one is fortunate enough to start from the |
foundation & schemwe of research with a limited number:
of patients whose whole care clinically and scienti-
fically comes within one's own province. Iurther,
the facilities afforded in esach departﬁemt are those
of the best ecquipped modern general hospital in minia-
ture, a fact which has very materially contributed,
not only to the extension of research, but to the

1

correlation as far as my knowledge has permitted, of

the wide range of facts and observations that have

been collected in the course of nearly three years.
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*

Iy experience of the value both scientifiec and

therapeutic of the diagnostic survey method of research

led me to adopt it in an extended Torm on all cases

admitted to Wantage llouse. The following is & brief
ontline of the scheme of research which up to the
|present hes been undertaken on 155 patients, 137 of

i 3 = |
|whom presented definite mental disorders.
|(l) Srstematic physical examination including blood

|
pregssure, central nervous system, teeth, ete. |
(2) Exanination of upper respiratory passages for
evidence of focal infection.

(3) Laboratory tests.
! a. Cytology of the blood.

b. Biochemical examinstion of the blood. Ilon-
protein nitrogen, CO2, calecium, Van-den-Bergh, |
and phosphates.

¢. Gastriec analysis by Tfractional method.

d. Glucose tolerance.

e. Urine, 24 hrs. sample. Liochemical qualitative |

' and Pu%ntitatLVP examinations and cytological. |

f. Intestinal content. Chemical and microscopical.

&. Cerebro-spinal fluid. Cytological, hiochemieal
qualitative and qusntlt vtive in alout z of the |
CasSeEsS. |

(4) Bacteriological examinations of the main foeci
throughout the alimentary canal in s8ll cases by

: ; i 2 2 ; I
the anaserobic methods given in this thesis. Iel1

vie organs and &ccessory sinuses in some.
(5) Kadiography. Teeth and accessory sinuses in all
cases, and gastro-intestinal tract in scrne.

(6) The study of the psychological aspects past and

|
present of each case, especially in relation to |
I heredity, enviromment, and past physical dlsorderg.
| The above tests have been repeated as circumstan=
ces demended, and, with the exceplion of the gastric i

snaelysis and glucose tolerance, are cxrried out sgain



B
case it has been possible,under ideal circumstences
of observation and countrol, to study snd where pos-
gible correlate the mental symptoms with the under-
lying physicel disorders. The main outlines of this
schene and the circumstances thet led up to its incepr
tion heve been mentioned so that those whose position!

it is to criticise and judge should know that the |
basis of this thesis has been a wide one and that thel
views expressed therein have been given without con-

scious bias end in the hope thet others may be stimu-

lated to carry out similer researches.
I have to thank Dr D.F.Rambaut, Medical Superin-

tendent, for his permission to write this thesis. ,
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IT. HISTORICAL REVIENW.

Lesearches bearing upon the Bacteriology, Toxicology,
and Heematology of the Psychoses and Allied Disorders,

18%86 - 1929.

Thile in no way professing to be complete, I
have compiled this review in order that investigstors
in this field of resesrch may not only be reminded of
whet early as well as more recent picneers have accoms
plished, but a&lso in the hope that those less versed :
in the technicelities of resesrch, and who may justi—;
ficbly feel somewhat bewlldered at the complexities
of the problems confronting them, will be perhaps
stimulated to contribute their share in the advance-
ment of the disgnosis and treatiitent of mental disor- i
ders. |
As early ag 1875 Savege, the English alienist, ‘
reported the recovery of cases of mental disorder
following the extraction of infected teeth. DBetween
1889 and 1897 several Italien workers, D'Abundo (1),
Piceinino (2), (3), Grimaldi (4), Montesano and lonteé—
sori (5) published observations on the presence of |
micro-organisms in the cerebro-spinal fluid and brain;

of general paralytics. i
In 1901 Liewis Bruce and Ford Ilobertsom (6), workL
ing independently, studied the clinical and bacterio-
logical aspects of genersl paralysis of the insane,
and came to the conelusion that it was & disesase
direetly due to poisoning by the toxins of bacteris
whose point of attack iIs through the gastric and in-

-

testinal mucous membranes. Another investigator,
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| Chalmers Watson, (7) working in the Laboratory of the|

Scottish Asylums', advenced very similar views re-
garding the pathogenesis of tabes.

In the following two years Ford Robertson, D. lc=
Hae and J. Jeffrey (8) carried out extensive bacterio-
logical researches into generasl paralysis. In this
worlk evidence was adduced on cultursl grounds that
an orgenism resemiling the Klebs-~-Loffler bacillus ;
could be isolated post-mortem from the tonsils, bron-

chial secretions end alimentary canal. This was done

in 17 cases out of 20. In 4 of these this crganism

was ohtﬂlned from the brain. In 6 cases of other

gimilar or-

m

forms of insanity 2 were found to have

|
|
|
ganism isolated, in 1 from the ileiwm , and in the other

from the tonsil. Iuring life the same bacillus was

obtained from the tonsils, pharynx, carious teeth and
|

saliva. At the same time Ford lobertson (9) produced‘

1istological evidence of the presence of & dilar

el

of 20 ceses exanined. Conecurrent with these investi-

|

| organism in the respiratory or alimentary tract in all
|
|
|

galions Shewmman, in collaboration with Ford hohe:tsonf
|

|
|

monstrating that very striking morbid phenomens could |

(10) conducted two series of eniral experiments de-

be produced by feeding rats with living cultures of
& threading type of diphtheroid isoleted from the

bronchus in a case of general peralysis. This orge

ism wes non-pathogenic to guinee-pigs. The tentative |

conclusion arrived at was that general parslysis of

E

the inssasne is the result of chronic toxic infection

-
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especially dependent upon the abundant growth of =

Klebs-Loffler bacillus of modified wvirulence whiech
gives the disease its specisl character.

Later, in 1903, Ford Robertsom (11) in & summarj
of his work and that of his collaborators stated Lh;t;
"the view that general paralvsis of the insane is ‘
essentially syphilitie in origin, although probebly
held 1y the majority of neuroclogists at the present
day, hag never been proved. Thatl syphilis strongly
Tavoured the development of general paxa}gsis of the

insane is however beyond question; the doubt is

action’. I'our mein argu-

=5

merely as to 1ts menner of

ments egainst the syphilitie hypothesis were put for-

]

o]
i

ward, and the theory of chronic toxic infection by a
micro-organism of a distinetive character, advanced.
Evidence besed on elinical, haematological, histo-
logical, bacteriological and experimental work was

given to support this view.

In 1905 Ford Robertson and licRae (12) published
further evidence of the presence of diphtheroid
baeilli in the genito-urinary tract in cases of gener-
al paralysis and tebes dorsalis.

A year later Ford HRobertson(l3) in the lLiorrison
Lectures for 1906 reviewed these investigations, add-
ing much recent work on the subject. TITurther evi-
dence of the presence of diphtheroid organisms in the
btrein, cerebro-spinesl fluid sné blood of genera
paralytics had been obtained, and on account of its

special characteristics the neme of bacillus

Fl




o
paralyticans had bteen given. Information on the in-
eressed phagocytic and lysogenic sction of the blood
upon this bacillus had been obtained end compared to
that of control ceses. The closely allied condition
of tabes was brought intoe line on the evidence of
experimental and bacteriological work. Twelve months
later T'ord Eobertson and licRee (14) in pursuing theirs
btacterio’ogical researches, ascertained more definiteL
ly the cultural and morphologicsel characteristies of

|
the baecillus parslyticens, its fermentation reactions

to litmus broth sugars being tested. INumerous str&in%
were isolated, six of which proved non-virulent to
guinea-pigs. Some however were lethal to mice and
othiers produced morbid symptoms.

In 1909 Ford Robertson (15) swmmerises the re-
sults of a large number of experiments carried out in|
tlie course of six years work. In the early experi- i
ments fouvr rats were fed with cultures of a threading
diphtheroid becillus from the bronchus of a general
paralytie. A1l four animals died after manifesting
paretic symptoms and morbid vescular and cerebral
tissue changes. They showed extensive invasion by
the thread form of bacillus identical with that isola-
ted from the patient. DIr Lewis Bruce, in undertaking
the produetion of en immune serun in a gosat, immocu-
lated the animal subeutaneously with cultures of the
game bacillus. The animal was known to lick the spot?
at which the injection was made. After a time it !
developed severe alimentary disturbence, became tot-

tering in gait, and, about six months from the time |



10.
when the last injection wes given, had & seizure
closely resembling the congestive attack of & general

parelytie, and a few days later. A cuvlture was

made from the oesophagus after death and a growth of

| the diphtheroid bacillus was readily obtained. The

| brain wes found o have morbid changes resembling

those found in general parslysis. Later, sixty rats
forﬁed a geries of exnperiments, being fed with six
gtraine of diphtheroid baeilli derived from cases of
genersal parelysis end tabes. The pathogenic effect
of the gix strains varied, only a few of the species
causing paretic manifestations. Others again proved
markedly toxie, symptoms developing rapidly (in one
within seven weeks). Three out of twelve showed
paresis with signs of dementia. The others however

bteceme progressively emaciated and lethargic, end

finelly died. All showed well-marked chronic degeners-

tive changes of the cord and less advanced changes in
the cerebral cortex. In znother series of experi-
ments four rabhits were fed wiith cultbtures of the
bacillus parelyticaens brevis. The results recorded
show the selective action of this organism in pro-
ducing well-marked nervous symptoms, accompanied by
morbid changes in the spinal cord and, in some, the
brain. The absence of results from hypodermic injec-
tions is remarked upon.

Three years later the same invesiigator (16) pro

duced further experimental evidence. Infection of the

genito-urinary tract in sixteen rabhits with the



Eils
haeillus paralyticans regnlted in ten developning
paresis and ataxia; some also showed signs of dementia
!and two succumbed to their illness. Iurther, it was
|
| proved that the disease had the character of & con-
tagious veneresal one. Three male rebbits that were

marked paresis and ataxia of the hind limbs, had mere-

|
|not infected but which nevertheless showed well-
|
|

ly been placed beside females, the genital tract of

\which had been infected with the bacillus paralyticans.

One animal, a male, develdped signs of dementis after‘
gsome weeks, peresis and atexia being relatively slight
(It became thin,&nd died in two years three months ,
after the commencemnent of the experiment. - lLicro-

scopical changes were not typical of generzl parselysis

but the cortical and spinal nerve cells showed very

gsevere and widespread chronic changes. It was men-
tioned that the morbid changes as well as the features

presented during life resembled to some extent those

of dementia praecox. A second rabbit, a female, given

|

[intra-vaginal injections of the bacillusg, became
|

ataxic and paretic nineteen months lateg and developed

|
distinet signs of dementia. The animal became com- |

pletely paralysed in its hind cuarters end was shortly

| afterwards killed. The pelvic organs were intensely

'congested, the lumbar vertebrae inflamed and softened,

and microscopicel examinstion of the lumbar cord

|showed dense infiltration of the pia with lymphoeytes

and plasmsg cellg with marked hypertrorhy and



12, |

proliferation of the neuroglis and peri-arteritis of

the vegsels. In this animsl the morbid chanses in

1 o

the cord resemhbled those that occur in the brain of
dementia paralytics.
I heve given these experiments in scme detail

because, in spite of the stiriking results produced,

only tremsient interest was taken in them, owing no

e

doubt to the view held gt the time that para-syphilis

5

| was the last word to be said regarding etiology. At

|
the present time, owing to extended knowledge of the |

|
role of syphilis in general paralysis and allied dis-
orders, it is being gradually recognised that serious
bPlanks &8s yet remsin in the chain of evidence suppor-|
ting the pure syphilitie etiology of the diseases in
guestion. I would here make & plea which I partly
base on the work in this thesis, that the whole pos-
sibilities of Ford Lobertson's researches, which up }

|
to the present have never been refuted, should once
more be explored. The results I believe would justifg

|

|
the elaborate nature of sveh investigations, and woul@

|

perhaps lead to a fuller understanding of the complex
ities of this problem which is &s yet by no means
fully understood.

Contemporary with the foregoing exneriments and
having & bearing uvpon the results of the last method

|

of transmitting the infection, the same investigator

in a paper "The Infeetive Foei in General Paralysis |

and Tabes Dorsalis" (17) produced evidence in two ‘

cases that general paralysis is a venereal disesase

-



13

not only in respeet of its etiological relstionship
to previous syphilis, but also in respect to the source
of bacterisl infection,which experimental evidence
hes shown to be capable of produeing meny of the

essential phenomena of the disease. The source of
this infection would appear to be commonly & baecillary
endonetritis. The ulerine nidus forming a suitable
cultural medium which raises the virulence of the

organism, the source of infection may be primerily

asttribtuted to either sex. It is suggeated that the

serious relapses which are compon in petients re-

turning home g2re, in some ingtances at least, due to.‘
re-infeetion. Two "gcarriers™, both wives of genersl
paralyties and both suffering from severe endometritis
were shown to be carrying infection by the baeillus

paralyticans which proved lethal to six mice tested

in the usual way. In the first case, the bacillus |
proved identvical with that previously isolated from

i
!
47 = 3 |
the urethra and nose of the hushtand. A vaccine pre- |

pared from the hacillus isolated from the husbhband

I

produced in the wife reactions in the Torm of & severe

and characéteristic attack of endometric pain. Further
histological evidence of invasion by this bacillus of|

the cranial lymphatic system is given, the paths bein

L¥is

by way of the cribriform plate and the foramen rotun-
G .

In 1907 Ford Lobertson and Mckee (18) recorded |
observations on the treatment of genersl peralysis and

tabes by vaccines and snti-sera. 34 cases of general




[ |
| |
14.

=

paralysis and 2 cases of tabes dorsalis were subjected
to anti-serum treatment, sheep bteing immunised with |
virvlent diphtheroids of the bacillus para]:tican%
!longus and brevis tyve. General reactive effects
|were ma‘;;}:edj both in the production of subjective snd |
|
|objective symptoms,and moderate vyrexia oeccurred |
|
iusuall; legsting 24 hrs. Out of 12 cases thus treated |
| under the snthors' own immediate supervision for a

period of over three months, all showed at first re-

merkable dezgrees of improvement. 2 were able to leave
|hdspitel, 3, after temporary improvemnent, later be-
come steadily worse in spite of continued treatment. |

] , = - o
Control cases, all mental patients, showed no reactive
|

response, likewlse control sera proved unable to pro-

duce reactious in general paralyties. One of the conj

|clugions Tformed was that & polyvalent anti-bacteriel
serum would be likely to be more efficacious than the
|

mono- or bi-valent serum used.

In 1909 the same investigator in collshoration

with Dods Lrown (19) added to the evidence alresady |

|
obtained as to the presence of the baecillus paralyti- |
cans in the cerebro-spinel Tfluid in cases of genera

parelysis. 20 cases of general paralysis and 10 cases

of other forms of insanity were studied by cultural

method;,and the examination of the centrifugal deposit

|
|In all cases the fluid was obtaeined by lumbar puncturse

| The cultures and centrifuge deposit proved negative to

the baeillus paralyticans and the presence of cells
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conteining this organism in the 10 con'rol caeses. Out

+ B

=

of the 20 cases of genersl paralysis however, baeilli

|

|

‘coulﬁ be distinsgsuished in 12, lying free or in the
!cells, end in 4 positive results to the diphtheroid |

[bacillus were obtained on culturet 3 were in o con-

(gestive attack and 1 in a very advanced stage of the
|

1

|
disesse. 4ill the baeilli were feehle growers and none

|showed any mariked virulence to mice. The suthors

lrefer to O'Brian's (20) work as confirming their own |
observations. Out of 62 cases of general paralysis ]
|he isolated bacillus paralyticans in 70%, whilst in ‘
|all 50 cases of other forms of insanity the culiural ‘
results were negative. !
n 191% Barton White (21) in his bhaeteriological

|
|

investigations of the urine in general parslysis found

—

various scecies of bacteria to be more numerous than
in other forms of mentel disorder. The action of
hexemine as asn antiseptic was observed in this series |
of ceases.

i In the same year lHervey Baird (22) recorded the

]

findings from the bacteriological examination of the

urethra in 21 paralytics and 13 non-paralytics. In |
only 3 of the former were the res;lts negative, organ%
isms, especially diphtheroids, being more sbundant in;
the paralytics than in the others. ’

In 1919 Cotton (23) and his collaborators in Lme%—
ica published their observatioms, which hed begun in |

|
1916, on "The Role of Focal Infection in the Psychosis".

-

|
I'ive years later their exhaustive researches were |
|
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dealt with in his book "The Defective Delinnuent snd
Insene. Again, in 1923, he reviewed his elaboracte
investigations in a paper given in this country in

which he outlined the methods employed in the eradica-

tion of septiec foel throughout the alimentary cansl

%
e

o0y

end pelvic organs. The relation of chronic sepsis tol
the so-called functional ps;chosis was discus ed and
the results obtained by detoxication given in statis-!
|
ties covering 1412 successfully treated cases. In é
soite of the striking evidence brought forward by ‘
Cotton and his co-workers, bacteriological and allied|
research with a few exceptions has gone forward re-
latively slowly. One reason vrobably underlying this
is the remarkable progress made in the fields of bio-
chenical research. lore recently however, and es-
pecially in the past five years’co—ordin&ted clinical
and vacteriological researches have been undertaken.

In 1919 Ford LKobertson (24) in & paper "The In- |

[

fective Factors in some types of Neurasthenia" re- i
viewed 66 cases in which extensive examination for !
infective foci had been made, especially of the intes—i
1

tinal and genito-urinary tracts. He referred to the
importance of anaerobic methods if fectors of primary
importance are not to be missed, and the value of the

3 : Ly . o
methods of focal reaction end therapeutic immunisation

&

.8 Turnishing trustworthy evidence of the causal rels

ionship or otherwise of a particulsr organism isola-

t1i
te His statistices showed that 49 casesg had



| in relation to medicine, referred to the nervous and

the first publication in the field of chronic sepsis

testine. While submititing thet mental or physical
. » |
treuma or strein sre important causal factors, he

cgserted that, if after & period of rest the symptoms
due to such causes 4o not subgide, they nmust have a
toxic besis. 'he same investigator (£5) in 1921 in

8 section of his book "Therapeutic Immunisation” '

sumngrises the role of the diphtheroid group as patho;
genic fectors in the production of nervous, and menteal
disorders, and in many common disesses hitherto unre-

l1ated to bacterisl toxsemia.

A year later (26) he reviewed the results of ex—l

tensive bacteriological investigations by anserobic |
methods in 32 cases of dementia praecox. A number
of cases illustrating the causal relationship of strep-
tocoecal ,pneumococcal, anserobic diphtheroid, and
"streptothrix" infections, to physical disorders and
bvorderland mentsl states}were cited and correlated
with those Tound in the dementis preecox group. The
successful results of immunisetion in & number of de-

|
mentia praecox cases were reporteq,and in coneluding

the writer asserted that these chronie bacterial in-
fections ere the most important of several factors
that determine the mentael disorder.

In 1922 Hunter (27) whose paper in 1900 marked

nental disorders of severe ansemias in relation to }

their infective lesions and blood changes, and lsater ‘
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in 1927 contributed further researches in ceases of
mnental disorder.

A year later Chalmers Watson (28) in & paper
covering some years of research recorded his observa-
tions upon the role played by auto-intoxiecation or
suto-infection in mental disorders. r

In 1923 Goodall (22) in his presidential addressl

1
gave a survey of reseurches bearing upon the toxicology,
1

haematolog% and bacteriology of the ps;chos%s from '
1911 - 1923. IHe referred to his work with Barton
White in 1913 (30) on the bacteriologicsl investiga-
tion of the stool of newly admitted cases of mental
disorder. From the results they concluded thav
neither the Gram positive or coliform flora were ab-

ormel in the preponderance of cases. Agglutination

ageinst B. Coli gave negative results for cases of

recent end acute insanity. These findings were later|
conf'irmed &and extended by Scholberg and himself to i
dbligatory aneerohes, bB. putrificus, and B. enteriditig
gporogenes, the latter giving no indication of the
tevelopment of aggiutinism or increase of opsonic
indéx. He referred to an observation recorded by
Scholberg and himself on the presence of pus cells in
the fasting stomach of mental patients, 60 out of 68
having this condition. This, he observed, is unusuval

amongst infirmery petients apart from lesions of the

gastriec mucosa. IExperiments on the toxicity of the
blood, cerebro-sminal fluid and urinq in ceses of

insenity were recorded by himself, Scholberg, and
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Cemeron, rabbits and fowls teing injeccted with these
materials under varying technicues. The results, al-
though not coneclusive, showed that to rabltits the |
| blood strome from cases of generel paralysis and de-
mentia praecox is in sdme way toxie, the serum less s#,
'while the cerebro-spinsl fluid failed to be lethal buﬁ
|
neverthelegs produced morbid changes in some of the
enimals. The interesting experimental work of Meyer, |
(31), Cuneo (32). and Loewe (33) was cited as deser-
ving further study. .
In the same yesr Graves (34) recorded some ob- !
servations on the chronic septic foei in the teeth
of borderland end mental patients, citing numerous
instences from case histories where dental sepsis
alone secemed to be causal to severe emotional distur—l
bances. This work marked the beginning of the exten-
give researches now carried out by Graves and Piek-
worth (35) on sinusitis in relation to the causation |
|
of mental disorders. ?ickworth,(36) in more recent
work has accumulated striking pathological, histo-
logical ,snd becteriological evidence of the grosslj;
septic conditions that may exist in the accessory
sinuses, especially the sphenoids, in chronic and
acute cases of insanity. The disturbances of the
closely associated pituitary gland in these cases is
evident, and have been enumerated and correlated with
the more common subjective and objective symptoms
found in mental disorder. The more clinical aspects

. 0f these investigations appeared in two recent pspers

-
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[ in retrospect with the progress of morbid histology

| mentisa preecox, dementis parslytica (after seizures)

200 |

by Graves (37) in which case histories recording treai-
ment and progress were given in grezt deteil and Torm

&en interesting suudy.

In 1927 Goodell in his ligudsley Lecture dealt

-

and its relation to prerent day resesrches. In his |
swmery on the subject of toxaemia he referred to his

adiologieal investigations with Knox and Stanford
(39) into the evidenee‘of disordereé intestingl funec-
tion in mental diseasefahﬁ to those reecorded by Chal—i
mers Watson and Hendry (40), the latter remarking thet
gsuch gtudy shows evidence of the relationship between
the psychosis and altered funcition of the vegetative
nervous system. The recent post-mortem and histo-

logical investigetions of liazzanti (41) in 18 cases of

confusional insanity geve evidence of macroscopie

lesions of the intestinal weall in 8, while in 3 micros

scopical exanviunation showed intense congestion, haemo®-
rhage and degenerative chenges. Pardo, the Italian ‘
observer, recorded the increazse of putrefactive en- ‘

aerobes in the intestine in acute cases of mental dis=

order. Boodall also referred to the interesting

L3

researches of Loewe who found that the dried insolubld

adialysate of urine from the catatonic type of de-

end deliriun tremens was highly toxie. TFrom cases of
epilepsy after seizures he produced seizures similar
to epileptic omnes. The urine from normal persons was|

found %o be non-toxic.
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F.H.Stewart, (42) in the course of several jears
work, has carried out elaborate invesiigations relatiﬂg
to the coliform group in mental patients. e hasg de—;
monstrated that D. paracoli and B. colli mutabile are i
at least four times as common in the insane than in |
the general community, and in greater numbers in a
least one half of the former during the acute phase
of illness. e suggested that this may be due to the

72

asction of some other intestinal orgsnism. The produe;

o | yew
[V

tion of phenol from tyrosine haes been studied, and the

orgenisms with this capscity have heen found to be

B, Morgani, k. phenologenes, Berthelot, and a para-
colon. With the first mentioned orgenism paitients
were found to be reactive to imxocunlation, and, the
bacillus having been eradicated from the bowel, im-
proved bodily heglth resuvlted. In another paper the
physiological and pathological action of tyramine

was (Giscussed, its action being sympathomimetic and

gimilar to sdrenaline but one-twentieth less pnoftent. |

Sixty-five patients and 28 controls have been studied

for the phenol producing power of their coliform
1

flora, the media being bullion broth containing 0.l%
tyrosiné. The former showed & wide departure from thé
normal in half the cases. The question however as to
whether the rise in rhenol percentage is causal or
erely symptomatic in the onset and development of

illness;remains as yet unsolved. This work was later

extended to sscertain whether functional mentsl dis-

order is, as an effect or cause, associated with an
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inereased absorbtion and elimination of the followin
toxie substances, phenol, tyramine, indole, scatole,
indolethylamine, and histamine. These are poisonous
or semi-poisonous derivatives of three importent
amino-acids, tyrosine, tryptophane, and histadine.
Special cultural broth (Koessler and Hanke) hed been
used for the study of the action of the coliforms in
producing the toxie derivatives mentioned. GQuantita-
tive analysis of the bacterial decomposition of this
broth was described, and the technicue given for paral-
lel estimation of the urine. The results of this re-
search are interesting and suggestive but insufficient
. cases precluded any deductions being made.

Brief reference to some of my own researches (43)
nust be included here as they have a bearing upon the
present work. One hundred and fourteen cases of men-
tal disorder have been studied in relation to the bac-
teriological findings in the mouth and stomach and for
the efficiency of gastric funcetion as it affects the
condition of the lower alimentary canal. Disorders of
the gastric mechanism as ascertained by the fractional
test meel were discussed in the 114 cases; only 46%

- of these came within the normel range, hyperchlorhydria
- accounting fof 50%. The special cultural methods of

' determining the bactericidal power of the resting

Juice were given, and the results showed that free HC1
is essential if conditions of sterility are to be

maintained and the onset of gastritis prevented. Part
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of the bacteriologicel analysis had been directed to-
wards tracing the descent to the intestine of strepto-
cocci usually only found in the teeth, tonsils, or
pharynx. Six cases were given to show how it is pos-
sible to find in the intestine streptococei such as
those of the pyogenes and enginosis group having the
peroxidase reaction on chocolate agar. Correlation

of the intestinal bacteriological findings with the
gastriec groups showed & reversal of what one might
logically suppose to be the case, viz. that the achlor-
hydriec and achylic groups were found to have the smell-
est incidence of peroxidase types, only 42.9%,wherees
the hyperchlorhydrices had 66.7% and always with greater
:numbersof colonies. Amongst the conclusions arrived

at was that the degree of gastric infection did not
increase the expectation of invasion of the intestine,
and further, that owing to the highly developed bac-
tericidal barrier in the hyperchlorhydric group, infec-
tion of the intestine must usually occur via the blood
stream or lymphatics. The high incidence of anaserobdic
species of bacterisas, especially the diphtheroid-lepto-
thrix group, in over 200 bacteriological examinations
was referred to.

In a paper "Some Cases of liental Disorder; a
Patho-Clinical Study" (44) I gave a detailed survey of
four cases out of 120 suffering from mental disorder
which haé been studied under the scheme of & diagnostic

survey by carefully correlated laboratory, clinical

and radiological investigations in an endeavour to
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sscertain not only the underlying pathology of ezch,
but whether or not rational treatment based on the

o 1

Findings hed eny influence on the ceourse of their

[ A

illness and subseguent recovery. The salient feaiures
of each case were reviewed and the probable ressons
discussed for the sucecess or failure of treatment.
The evidence obitained emvhasised the faect of how con-
plex if not elusive are the problems of the physiecal

disorders underlying insanity. Diagnosis and treat-

ment by clinical methods alone had, in 3 out of the |
1
4 cases, failed to bring sbout improvement or recoverj.
This was due to the fact that none gave definite
clinical indications of the severity of the patholo-’
gical and toxic processes at work. The importsnce of
anserobic methods in the study of the special types of

infection so prevalent in insanity was stressed, and

the fact that many of the anaerobic species of diph-

theroids found were morphologically identical with
the Klebs-Loffler baci'lus and were without doubt '

neurotoxic in action was emphasised.
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JIL. G IFIC
TION STUDIED IN EACH, WITH TABLE OF CASES ON WHOIL THE
|

! DIAGNOSTIC SUERVEY HAS BEEN DONE.

In the introduetion I have outlined the source
of the meterial on which I have based this rezearch.
The following table epitomises the cases, which Tor

o

convenience heve been placed in four groups.

TABYLE 1 SHOWING CLASSIFICATION OF CASIS.
Groups.| Clagsification of Mental State. |lNo. of Cases.

Toa Definite mental disorder ineclu-
ding recent, acute, quiescent, 145
and chronlc cases.

|
|
I P Borderland cases including
psycho-neurosis, ner“‘%thenla 22 |
end allied states.

D Neurotoxic cases all showing
in some form or other the mild-
er manifestations of psychic A
disturbance with or without
physicel synptoms.
4 Control ceses suffering from
either well-defined or ohsecure 261
physical diseage.
TOTAL 450

i GROUP 1. The majority of the ceases included in |
ithis group are admissions to Wantage House and have
!t&cn under observation and treatment for varying
Iperioﬂs from some months to well over & year. Iline

are cases dealt with ags out-patients, being resident
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in the main hospital. Teble 2 gives the subdivision
| of this group which has been hased on psychological

4 4

symptomatology and is as accurate &s classification

by this method will allow with the exception of the
delnsionsl states in which are included, for conven-
ience, several involutional insanities, one lactation,

and. one post-puerpueral.

TABLE Z.

CLASSITICATION OF MENTAL CASES ( GROUP 1. )

Disagnosis. IMambers.

|

Melancholia. 47
| Dementia Praecox. 50
Delusional States. 30
Confusional States including Stupor. A
lfanie-Depresgsive. 8
lfania. 2
Neurosyphilis and G.P.I. 6
i TOTAL 145

| GROUZ 2. Of the 22 borderland cases & heve been
admitted to Wentage House, the others being investiga-
ted at Southport, 2 of the latter being under my per-
sonal care for some tine. XNo case, unless showing
proper insight inte their condition, has been ineluded.
GRCUP? 3. The cases in this group have been care-
fully selected as being those to whom the term neuro-

toxic can apply. The majority sre cases leading use-

ful and active lives but from time to time suffering
from modified bhut well-defined psychic disturbances

such as ingbility to concentrate, irritability,
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temporary deficiencies in association of ideas, mild
diepression without envirormmental cause, periods of
lsleeplessness and undue mental fatigue. In many these

menifestations are associated w either well-defined

ith
ior somewhat vague physical disorders. The most fre-

| ;
lquent of these are loss of appetite, constipation,

|

Iphysical Tatigue, indefinite visceral or hesd pains,

end usually loss of weight. Observation and treat-

ment of this grovp has not only yielded ample evidence

lof underlying physical disorder, but has shown very

clearly, in those that have come under my personal

|

|SUterv151on how closely releted were the psychie

‘dlsturbances to the physical. The value of most of

‘the cases belonging to this group is their capacity

to respond and to appreciate spontaneously the nature
|

of their condition which, when relieved, frequently

resvlts in the self-understanding of cause and effect,

& result which, when correlated with the lmowledge of

[their toxic and infeetive processes, ylelds comperative

= I

lata of very considerable value. Later it will be
seen thet there are reasonable grounds for assuming
that those in this group. through heing inherentl:
?more stable psychogenically, are sble to carry as much
iif not more potential or sctive toxic focal infection

ithan those in group 2. If however environmental con-
|

ditions of psychic or physical trsuma or strain under-
|
mine the whole economy, the individuel is then in a

[much more serious position. In many this must be so
nce this very psychic stability and cgapacity to

|
ir631st brings the vietim either gradually or, more
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frequently, precipitately beyond the stage of spon-
taneous recovery. I believe that most of the toxie
or exhaustion psychoses belong to this group but the
mental picture is immaterial since it is purely symp-
tomatie. I have dwelt on this hypothesis Tecauze I

2l link in the correlation

}—Jo

telieve it forms an essent
between cauvse &nd effect in other mental disorders
whose etiology may appear at first 1o be purely psyche-
genie, bult whose physicel basis is in reality similar,
verying only in the degree of severity.

GROUP 4. The majority of this group are cases
exanined at Southport laboratory, a number of them
being fully investigateld by the method of diagnostic
survey and therefore run parallel to the cases in the
other groups admitted to Wantage House except that,
owing to circumstances, it was only possible to under-s
take enaserobic cultural methods at Southport in the |
examination of the stool. Five cases were subjected
to the complete survey at Wantage House and in these
anaerobic methods were applied to all possible foci
of infeetion. It has not been practicable to ascer-
tain a diagnosis in all the Southport cases but most
of them came under the category of chronic physical
conditions for which advice had been sought. In
those cases presenting a bacteriological flora of any|

severity which approximated to the type found in the

other groups, & diagnosis huas been ascertained in 44

out of 64 cases. The range of the physicel diseases

-

presented a wide one end covers most of the
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rec¢ognised entities in pathology. Cases where the

i
I

term "genersl physicel, or nervous, debility" has been
applied, or where the diasgnosis could not be obtained,
heve been reteined in the control group unless it was

ed that psycehic disturbances were

s

pregent. " Thus it is possible that some ceses having
toxie infection similsr to those of the other three

sroups should have been relegated to group 3. With

the large numher of cases howeverrthe faets to be

edunced from these controls can be talen @s being a

cu

fairly aceurate basis Tor comparison.

&

The figures given in table 3 represent the bac-
teriological analysis which has been carried out on
specimens subjected to serobhic and anaerobic cultural

methods simultaneously for purposes of comparison.
|

i far as possible systematic bacteriological examins-

tion hag boen planned in each case with the object of

| treecing where vossible the spresd of aerobic and an-
3 2 i

serobice infection from primary to secondary foei.
This scheme applies more strictly to groups 1, 2, and
3. In the control cages (group 4) opporitunity for
doing this wes available dnly in some ceses, anaerobic
|
methods not being applied to foel involving the teeth,
tonsils and stomach. IFor the purpose of this researc%
these are necessarily incomplete and have therefore
beem omitted. .In group 1 however, I have added 124
aerobic cultures as the findings from them have a

bearing upon the state of the stomach in relation to

the asercbic tonsillar and dental sireptococcal florsa
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certain obrligatory ancerobes intermediate between

the diphtheroid and leptotlirix groups which recent

| work hzs shown to exist.

|
|
|T.‘x.I'JIJE .S] .(JI.':II.:.G .‘1 Ll WH U(_' l“IJ"J].J..) _".i_:.-..L,-J'JIC ."'.1"'.1,1 _'L_i.l.'.l"h_UT:I(,

BACTERIOLOGICAL EXAVNIWATIONS CARRIED OUT IN THE ¥OUR

GROUPS.

T 0
]
Group l. |Group 2. |Group 3.!|Grour 4.
Sites of 145 cases |22 ceses |22 casgseg|26]1 cases | T
Focal ¥o. of No. of No. of No. of A
Infection. | Exams. Exams., Exans. Exans. L

Nassal
Antrum
Sphenoid
Tonsil
Dentsal
Sputum
Stomach

-

:‘nl.[h

DO O DO Hono 3
— Ol
~3
-3 0
=3 1 A D

H DWW =D

R.duice 12 5] 3 143
Intestine 24 2 25 264 B&"7
Urine 2 2 14
Cervix 2 10
e P 1 3 Sl
ar 2

Breast
Milk
Plevral
Pluid 1 1
Pus from
abcess or
ulcer.

&3]
(63}

(g
o9
}_l
on

Totals H44 63 45 295 947

Aerobic Cultures only, Group 1 124 |

TOTAL EXAMINATIONS 1071

———
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I¥. BACTERICLOGICAL TECHNIQUE.

PHEPARATION OF KEDTIA.

e

Although the fundamentel princivals of Iord
Hobertson's eultural methods as detailed in his
took "Therapeutic Inmunisation in Asylum and uenerﬁl
Practise" have been adopted from the outset in thip
regsearch, time snd experience have however led to
the development of anaerohic methods both in the
uge of solid and fluid media, which fulfil more
clogsely the conditions of strict anasrohiasis so
essential Tfor the growth of the diphtheroid snd
leptothrix group. Iuring the past eight months .
anaerobic broth and litmus sugar broth methods
were started in the laboratory in Wantage llouse,
and their usefulness has enabled me to push for-
ward the researeh to its present stage. In order‘
to complete the information relating to the tech-
nicue employed,it is necessary to include a briefl
outline of the serobic medis used, which, having
run. parallel with the anserobic methods, serves as
& basis of comparison.

ABROBIC JNMEDIA.

VACCOIKEY 'S NEUTEAL RED BITE-SALT-AGAR. This mediﬁ
in 4" petri dishes has been used for the study of
coliform flora.

WAEKEN CROWE'S BLOQD CHOCOLATE AGAR. This media, |

o]

oured into 43" petri dishes, has been used for the
L - - - - . |
identification of the streptococecal snd allied
groups of bacteria. It has been found especially

vseful in intestinal work as the coliform growth



is relatively slow and gives time (48 hrs.) for the

full developrment and differentiation of the stirep-
tococeal flora. - Aerobic speciegs of diphtheroids
and leptothrix also grow and differentiate well.
The Following method of preparation has given th
firm snd smooth surface so essential to this itype
of me&ia:

Lbout a litre of defribinated bulloek's hlood
is obtained and sirained through muslin. 750 ce.
is placed in & water-beth at 50°C. 250 ec. of a
3% peptone or trypsin 1% agar having & reaction of
+ 18, is melted, and cooled to 5C°C. The two are
then mixed, 1% of glucose is added, and the mixture
is mainteined at 50°C whilst plates or tubes are
filled in the ordinary way. At least z" in depth
is required in each plate, and, after pouring, the

: |
plates are allowed to stand overnight; this allows
uniform setting and liberation of the air bubbles:
A 1litre should make thirty plates 4" in diameter.

By far the best gsteriliser is an elecebric hot air

oven provided a small begin of water is putb in

r

with the plates to keep the atmosphere moist. A
piece of bhlotting paper is inserted into the coveﬁ
of thie plates and each one is conveyed, without |
tilting, into the oven. The temperature is raised
to 65°C or 70°C, where it should be maintained fox
an hour or two, and then raised to 85°C or 90°C.
The media becomes semi-solid and on no account

must the temperature of the plates‘be allowed to

reach 100°C or the surface of the media may be
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ruined. The temperatuvre is agsin raised to 85°C
or 90°C on three successive days, making four in
gll. On inspection the surface should be perfectly
smooth and glossy, These plates should keep for
two weeks at room tempersture. It is of the great-

e media should not be scrat-

ot

eat imvortance that t
ched or rvoughened when Iwnoculating either neterial
or eultures. To prevent this a fine curved piece
of glasg rod, carefully cleaned before sterilising)
must be used - never a platinum loop or wire.
HAELOGLOBIN AGAR. This media is used mainly for
subcul tural work from the chocolate plates, and for
differentiating the hsemoglobinitie properties of
streptococel. MNost smaerobic diphtheroids will
grow well and develop the maximum number of granules.

Nutrient Agar.

Lemeco 10 grams (1%)
Peptone 10 n (1)
Sodium Chloride 5 0 (3%)
Agar 20 L ( ‘;/J)
Distilled Water 1000 ce.

Plece in steamer until dissolved, then stan-
derdise to rh. 8.0, clear and filter as for agar,
then add 1% glucose, put up into 250 cec. Tlasks,

and sterilise in steamer % hr.

, Tor three days. It

has been found thet if the initial Ph. of the medig.
is standardised to 8 this rises consistently to

Ph. 7.6 after the three periods of sterilisation.

A Phe of 7.6 has been used during the past two

years and would appear to be the optimum esecidity

for snserohic work.



To meke the tubes, dissolve media in steanmer
and pour into sterile 5" x §" test tubes. Place

in water-beth at 60°C and, when cooled to this

aAa 4

temperature, add to each tube 4 - & drops of

o

sterile hasemoglobin standardised to 10 graomsdh.
T.otete tube in hand umtil media is of & uniform

colour, slope, and ellow to set. The medisa should

LH}

te perfectly clear snd of a moderately deep sepis

P

brown colour. Incubute for sterility.
LEMCC-PEPTONE BROTH, This media forns the basis
of the aerobie broth for streptococei (standardised
to Ph. 8.6), anserobic broth and suger broth (stan-
derdised to Ph. 8) for the anaerobic diphtheroid

and -leptothrix groups.

Temnco 10 grems. (1s5)
Peptone (B.D.H.) T (L)
Sodium Chloride 5 n (2")
Distilled Water 1000 ce. |

Tlace in steamer to dissolve for 5 hr. and
standardise to Th. 8.6. Heturn to steamer for 10
mins. to precipitate phosphates, cool, filter,
and add 1% lactose. Transfer media bto 100 ecc.
flasks and sterilise in steamer, 20 nmins. daily
for three days.

To make the tubes, add 10% sterile sheep's
serum and 1% sterile standardised haemoglobin. Ie-

cant into 4" x 3" sterile test tubes and incubste

Tor sterility. This media has been Tound to grow

most strains of strevtococeci and pneumococei abun-

fed]

antly. IExperiment hes shown that although the

original Laboratory of the Scottish. fsylums' method



Be.
1.

36

of adding 10% serum greatly improved growth when
compared Id that from nmutrient hroth alone, the
addition of 1% haemoglobin not only further eassisted
growth, especielly in the more delicate strains,

but served to differentiate species more clearly

by their mieroscopieal charceteristiices ineluding
length of chain. Bugsrs according to Holman's

. e e
assification have been used for further identifica-

—

8
tion. Aerobic sitrains of diphtheroids and gome
leptothrix species show varied growing powers in
this media, but a number form & definite deposit
and sometimes cloud in 24 - 48 hrs.

ANAFROBIC KIEDIA.

AVAEROBIC GLUCCSE HAELOGLOUBIN AGAR. This media
has bheen used throughout this research for all
primary snd subeultural work in the identifieca-
tion of the anaerobic diphtheroid and leptothrix
species. The nuirient sger of Ph. 8 is used con-
taining 1% glucose, Tul beyond this stage the
details of preparation are essentially different.
For anserobic work 6" x z" extra heavy test tubes
must be used or much of the media will be spoilt

through breakages. Iurther, they are plugged with

|
absorbent wool as the ordinary cotton wool will !
not hold the chemicals employed prior to sealing. |
The agar is melted as before and 4 - 5 drops of |
specially prepared sterile haemoglobin added. The

tubes are sloped at a slightly greater angle than |

for the aerobic heemoglobin agsar; .this allows
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room for the wool plug carrying the chemicals. As

=]

4

soon 28 set the top of the wool plug is cft kL
and the remainder pushed down within " of the sgsar.
Place on the wool plug as much sublimated pyro-
gallol =g will lie on the spatula recommended below
for the purpose and then 8dd 3 - 4 drops of 10%
NaOH. lore is unnecessary and will saturate the

|
plug wit!. the risk of spoiling the media. Seal at
once with best cuality berk corks (length 1z")
taken from melted paraffin (melting point 57°C).
It is importent that the wax is sufficiently hot
(i.e. just short of smoking) and that the corks,
especially 1f new, have sufficient time to become
thoroughly impregnated with wax as otherwise im-
perfect sealing will result and the tubes will be
8ol %e . IN préctise it is best to retain a com-
nlete apperatus for this part of the technigue-
This.should consist of an ordinary Bunsen burner
with bre-pass, ssbestos cement sheet 24" square,
retort stand and 5" ring, two 7" or 8" dismeter
enamelled iron basins with hendleg, one or two
pairs lerge size dissecting foreceps Tor handling
corks, and one peir of dentel tweezers with right-
angled bend for removing old wool plugs, one hottle
of 10% NaOH with pipette and I R teat, I 1b. t

of sublimated pyrogallol, one spatula 7" - 8" long

. b

with right-angled end having approximately g "
square snurface; this carries the necesssry asmount)

e

of pyrogallol for each tuhe.
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The tubea ure next lneubated for gterility,
The temperature of 27°C hugtena the maturing pro-
cess which, when complete, should result in & plum
colour of the agur. The Ltime required for this
change s usually 24 - 36 hrg. and any tubes not

showing this differential colour should be dis-
carded, The merked contrast between the fulli:
de-ox; genated tubes snd those which sre mot is one

of the many advantages of this medig,; as at any tim

et

in the course of cultural work it is peossible

note whether or not growth has occurred under

strietly anserobic conditions. A merked slteration

.

in eolour ecan be observed in itubes imperfectl
sealed even if only incubated overnight. Up to &
point the media improves with keeping.

ANAEROBIC LEMCO-PEPTONE CGLUCCSE HEAIMCGLOBIN BROTH.
The lemco-peptone broth is used as the basis for
this media which is indicated for the further pro-
pogetion of anserobic diphtheroids and leptothrix

ecies. Two degrees of I’h. have been used, one

0
I*-t

&t Ph., 8.6, the other at Ph. 8. The Ph. has heen
Tound to rise during sterilisation in the saune way
as for the nutrient agsr. 1% glucose is added in

place of 1% lactose and the media transferred to

100 ce. flasks prior to sterilisation. Broth con-|

teining 3% haemoglobin without serum was used fTor

= 4 = a > I
gome time but it has been found that this strength |

inhibited the growth of some strains and that serun

slso was required to promote growth.. The following
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method is now employed aand gives very good resuliss

To make the tubes, add 1% of specially pre-
pared heemoglobin and 3% sterile serum to one of
the flasks snd pour into sterile 5" x §" test
tubes, not more than 4 cc¢. of the mixture in each.
Trepare and sesl in the same way (with pyrogallol
and Nlalll) as for anaerobic ﬂaemolglobin agar, and
pate for sterility. If the tubes are sealed
they retain e bright cherry colour
which in time tends to become & ghade lighter.
hAgain feilure to seal properly can bte resdily made
out, since 1f this has occurred the pink colour of
the broth changes to & sepia brown in the course
of incubation overnight.

The more alkaline broth has been found to
suit a few strains of anaerobic leptothrix and
dirhtheroid, but experience has shown that the
slightly more acid reasction Ph. 8 is ﬁueh moie
suited to the majority of strains, and hus now bteen
edopted Tor routine use.

AT FROBIC LINCO~PEPTCHE-SENUM=EAF.QGLOBIN LITIUS
SUGAT. BROTH« This medias has been used te test the
fermentetion reccetions of the anserobic diphither-
oid snd leptothrix group. Again the basis is the

nutrient broth standardised to ’h. 8. The media |
is transferred to 100 ce. flasks, and 1% l1litmus |
end 1% of the sugar required are added. These are
sterilised in the steamer for 20 mins. daily for
three days.

To make the tubes, a2dd 3% sterile sheep's
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serum and 1% prepared standardised haemoglobin and
pour into 5" x §" labelled sterile test tubes, not
more than 4 ec. in each. Chemieally prepare with
pyrogallol and NaCH (2 drops) and then seal im-
mediately as for anaerobic haemoglobin agar. In-
cubate overnight for sterility.

This finel formula for the anaercbic sugers
hes been in use for the pzst four months and is
the outcome of much experiment, varying strengths
and combinations of serum and haemoglobin being

tried. The present strength of haemoglobin in no

a

4.

way masks the colour of the litmus, the tubes
being & faintly purple blue when freshly made.
Under conditions of complete ansercobiasis an
interesting change occurs in the colour of some of
the sugers after they have stood for 5 - 6 days
et room temperature. All the nine sugars in use
are affected in time, but glucose, galactose, and
laevvlose show the change most readily, and lactose
rather later. The affected bubes gradually lose
their purplish blue colour and change to the light
pink of esnaerobic broths. At first this was ,
thought to be due to some change in the sugar
under snserobic conditionsg and the Ph. was tested!
but found to be unaltered. Later it was noticed
that, if the tubes were left open to the air for |
e few minuteg, the original colour was restored.
It would thus appear that this change in colour
is only due to & bleaching effect which occurs as

the free oxygen is taken up by the ection of the
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yrogallol and HaCH, the monosasccharides appearing
to be more resdily sffected than others. A simi-
lar bleaching occurs, only more slowly, in Illiss's
serum broth under the action of the chemicals, the
colour being restored Ttut not quite completely.
Why some sugars are more affected than others has
not been sascertained, but this lack of colour uni-
formity does not, however, affect the fermentation
resctions. It has been found necessary to give
sufficient time before innoculation and after fer-
mentation for complete restoration of colour to
take place, This esgsential pojnt'and others in
the determination of fermentations,will be dis-
cussed in another section.
HISS'S ANAEROBIC SERUM BROTH. This medis is being
used for fermentation reactions to be run parallel
with the previous sugar method. 20 cee. of serum,:
1% of the required sugar, and 1% of litmus are
added to 8C cc. of nutrient lemco-broth and |

sterilised for 20 mins. on three successive days.
|

To me’-e the tubes, 4 cc. is poured into 5" x
|

2" sterile test tubes and, while hot, these are

segled in the same wsy s for the anaerobic serun
heemoglobin sugars. A few parallel tests with

glucose have bveen carried out and, as with the ‘

(o]

ther media, bleachiing occurs during incubation |

nd et room tempersture,masking the change of

o)

colour due to meid production. Clotting also

ocecurs occasionally. It has been Ffoung h wever
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juns

T Termentation has taeken place exposure to
alr brings up the pink colour very clearly, the
process taking longer than for the haemoglobin
litmus sugar broth.

THE SPECTROSCOPIC CLATACTERISTICS OF THE HAELQO-

GLODIN LIEDIA. The great difference in colour in

he cerobic and anserobic tuvhes strongly suggests
that there must he some essential differcnce in
the charagter of the hsemoglobin, one which must
be all-important to the survival of striet an-
aerobes under primery conditions of srtifiecial
growth.: I am indebted to the Clinical Hesearch
lLgsociation for & report uvpon four =amples of
medis which I sent for examination. This was as
Tollows ;-

No. 1. Aerobic Haemoglobin Glucose Agar.

lst. Band 648 -~ 636
Znd. " 592 = 574
Cut off helow 550 =

No. 2. Anserobic Huaemoglobin Glucose igar.

Two bLands 600 - D65
555 = 525

No. 3. Anserobiec Haemoglobin Glucose Broth.

lst. Band 593 = 560
2nd. " 560 = B2

No. 4. Anserobie Haemoglobin (Glucose Broth exposed

to the air.

1st. band (fsint) '648 - 630
2nd. v (well-defined) 590 - B70
rd. AR R " ) 550 - 528
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No. 1 Tube contains a mixture of methheemoglobin
and oxyhaemoglobin.

Nos 2 2 w carboxyhaernoglobin only, al-
though traces of oxyhasemoglobin
mey be present, this latter
being mesked by the stirounger

bands of the carboxyheemoglobin.

No. 3 i H The same ss 2.
No. 4 # " Chiefly oxyhzemoglobin with &

;
|
|
|
|
|
little methhaemoglobin. !

It would therefore appear that carboxyhaeno-
globin, along with inert gases such as nitrogen
and. CO,, are essential for the growth of strictly
anaerchic species, and this would imvly that a
ninimum degree of oxygen teusion is required. The|
difference between the state of the two haemoglobins
in tuhés 1l 2nd 4, anéd 2 snd 3, is marked and is i
only brought about by an essential stage in the
treatment of {he hesemoglobin which is added to the |
anserobic tubesg. Without this preparation chemical
action alone is quite inadequate to remove the |

|
hesavy charge of fixed and nascent oxygen carried |
by concentrated hesemoglobin.

TIIE EXTHACTION OF OXYGEN AND GASES FROM THE HAEMO-

GLOBIN. After the haemoglobin has heen standar-|
dised to approximately 10 grams % it is transferred
to sterile 6" x 3" wool plugged test tubes, not more
than 13" beins allotted to each. This is essen- |

-

ial in order to provide room for the marked
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ebullition of gas which tekes place under the

vacuum. JIour to five tubes containing haemoglobinl
are pleced in & smell tin and covered with the
bell-jar of & 6" vacuum plate, care being teken tﬂ
ensure cloge fitting of the plate and cover, The
Geryk pump is then attached (a 13" bore single
cylinder is sufficient), and exhsustion of the air
proceeds. Effervescence of the haemoglobin usual-i
ly begins after about twenty revolutions of the {
pump, and great care must then he taken or the E
whole fluid will "boil over" snd ssturate the plugk
The time required for complete extraction of the
gases varies, but s a rule 24 hrs. is sufficient.
During the day the guickest method is to pump un-
til the bubbles collect and rise up near the wool
plug; if this is done every 10 - 15 mins. extrac-
tion may bte found to be complete next morning.

.

hed it is necessary

n

Once the extrsclion is fini

1

to store under & negative pressure. Another essen
tial part of the technique is to svoid &as much as
possible contact with the eir; thus it is impor-
tant to remove the tubes from the vacuum only when
the agar is sufficiently cool (60°C) and to make
the process of adding the drops of haemoglobin as
rapid a8 possible. Tastly, no time must be lost
in setting up the tubes chemically &nd sealing.
The time required for the agar to set varies

according to room temperature but if placed in &

g

drausht ususlly 5 - 10 mins. suffices. The settin,
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of the lest tube to be hendled should be carefully)

7]

tested from time to time. When solid they should
then be placed vertical and the next stage begun.

METEOD OF OBTAINING FRESH SUPPLIES CF STIRILE

HABNOGLOBIN AND SERUN. Various methods have

I._.I-

been tried from time 1o time to maintain a supply
of fresh sterile haemoglobin. Citrated or oxy-
lated human blood does not haemolyse well and from
clotted hlood the amount of serum ohtained is
guite inedequate, Iurther, the risk of contamina-
tion is much greater than from the present source
eand with the method employed. Commercial haemo-
glebin has been found to he varisble in quality
end its growing properties are not guite so good
&8s heemoglobin derived from gheep's blood. 3By fa
the most reliable and satisfactory method is to
arrange for a smell flock of sheep which should
be kept for the purpese and bled ot regular inter-
vels. This is the ideal, but sheep picked at ran-
dom from the floeck serve the purpose equally well
and this practice hag ohtained at Wantage Louse.
Sheep retained for this purpose for & year in no
wey suffer, and, provided that they are not bled
more ofien then three to Tour times, gain weight
end copdition, thus improving in market velue.
The preparatory work and output necessary to main-
tain the supply of serum end haem globin may &t
first appear to be somewhat elaborate and expen-

give. Once however the small flock of sheep and
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their house has heen obtained, the amount of tine |

and skill required to carry out the periocdical bleed-
ing is very small. It is preferable to have the |
house, a wooden hut, placed in an isolated position !
in the corner of a field or park. A snall hurdle :
pen with gate, fixed to the door end of the hut, }
gregtly facilitetes selection of the animels with a

minimum of disturbsnece. The animzl is lifted on to

™

8 specielly constructed trestle and strapped securely
across the back. The side of the neck is then elip-
ped, lethered and shaved. The head is covered with
a clean towel which is secured by two small Spencer
Wells forceceps to the wool. The skin and surrounding
wool is sosked with & solution of 1/50 (sbout) Lysol
or carboliec. The operator, sitting on & low stool,
compresses the external jugular vein at its lower end

with the thumb of the left hand. As the vein stands

out promimently there is rarely any difficulty in
inserting the large sterile needle into the upper end.
The point of the needle is flamed just prior to use,
thus reroving any trace of cotton wool that may ad-
here to it on account of having been kept in a sterile
tube with wool at the bottom. Compression is main-
tained and the blood is sllowed to flow into 8" x 17
test tubes, about 50 cc. being cecllected in each.

Twelve tubes are tsken from each sheep and it is s

well to bleed two sheep at & time, the supply usu&l-l
ly lasting the laboratory five to seven weelks uccor~[

ding to circumstance. In swiser it is impeortant to ‘
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see that all bleeding has stopped and the wound

covered with collodien wool, otherwise sores from
flies will result. o immediate i1l effects from the
bleeding have been noticeable. In the course of 2%
vears I heve obtained some 4C0 tubes of bhloed and in |
none has initial contaiminetion oecurred. In con- |
trast with this I have repeatedly tried the sane
technique in the slaughter-house and farm tuildings
but with 80 % -~ 70 % contaminations. Scrupulous
cleanliness of the floor, ceiling, trestle and walls
of the hut are essentisl, crude creasgol and water

being used for this purpose after each occasion.

EQUIPI.ENT DETAILS FOR SHEEF BLEEDING.

Hut 10" x 8" with wooden floor, side windows, and two
sky-lights to ensure efficient lighting; interior
painted white.

Small hurdle pen 8" x 5" with gate, attached to side
of hut.

Two tables 3' x 2' (about).

Four coat pegs on wall for white coats, etc.

One stool for opafator.

One wooden trestle for sheep.

Wooden box with two bloeks having twelve holes in
each to teke the twenty-four 8" x 1" sterile blood
tubes.

Six large bore steel necdles about 30 x 2 mm. (Steri-
lise by placing in hot vaseline for sbout & min., re-
move with forceps and shake well before dropping into

sterile 5" x §" test tubes containing wool pad. Plug
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with cotton wool to exclude zir.)
Two hollow-ground razors.
Shaving soap and bhrush.
Spirit lamp and bobttle of methylated spirit.
Abgorbent cotton wool. .
Carbolic acid lig.
Two large enamel hasins.

Four towels.

Cne large can of hot water (if water is not laid on)

|
£ |

Two large sized artery forceps.

Bottle of collodian. i
It is essential that the hut should only be used

Tfor bleeding purposes. :

PREPARATION OF THE HAEMOGLOBIN AND SERUIL. The clot

Li4]

are loosened the sare day; wusually sharp rotation
of the tube ?etweo the hands is sufficient to do
this. The tubes ere then stored in the ice chest
or refrigerator for 24 hrs. The serum is next de- |
canted into sterile 5" x " tubes and spun to clear

of corpuscles. Sufficient serum should be left in

the tubes so that tlie clot is just covered. The i
. = 5 s ] 5
serum, when free from cells, is stored in 5" x "

sterile tubes the plugs of which heve heen soaked i%

hot paraffin to seal, and is found to keep almost ;
indefinitely although in time slight precipitation ’

oceurs. The clots are then placed in a freezing ;

|
4 . |
mixture of erushed ice snd common salt for 3 - 4 hrs.

being covered with & smell blenket. This is usuallﬁ

|

sufficient but some tubes may however requwire longer.
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Vihen freezing is complete the tubes sre placed in @
basin of weter which is gradually brought up to 60°C |
(not higher). If plunged into water at 60°C many
tubes crack under the sudden chaenge of temperature.
If the freezing of the clot has heen con mplete, haemo-

el

lysis is produced and, once started, continues for '

[43]

some weeks at room temperature, or preferably, in the
refrigerator. The haemoglobin is sufficiently con-

centrated for use in 4 - 5 days time. Frovided the

]

tubes are well plugged the heemoglobin and elot will

keep for some months. The haemoglobin is decanted in:

to 6" x-%” tubes &8 reguired.

I.JJ_.(\.J JJJL.{.DISM. OIT OI‘ mjl.l; DL 44 (.}G]—JOBI].I T‘L.:'LS has beeﬂ.

L

|
|
found necessary owing to the variability of concentra %
tion,which not only meterislly affects the colour of i
the agar or broths, but the growing properties of tnei
media. Dy the Fleischl-liiescher hsemoglobinometer

method it Tias been Tound thet the concentration veries

_— w_ -

between 7 and 14 grams %. The tubes are pooled in
such & way as bto stendardise to 10 grams %, a final
check being made. In practise it is usual to decaxnt

5 - 6 haoemolysed clots at a time and, when standardis?d,

they are ready to undergo the extraction process in

the vacuum chamber.
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CULTURAL METHODS. .

COLLECTION COF MATERIAL. For tonsillar material I

have employed & platinum loop which hes been inserted |
|

4 1 . . |
nto the cerypts, care being taken that no contemina- |

[

tion from the mouth oeccurs. During the past two years
however I have made use of BEve's suetion pump whiech,
if employed in a certain way, ejects the contents of

the crypts into the interior of the glass rod and

thus obviates all risk of externsl contamination and
obtains pus or cheesey debris lying deep in the sub- |
stance of the tonsil. Since adopting this method &
more representative flora has been aqailahle Pot @bty .
Dental cultures-have been made from either the
apices of extracted teeth or from pus expressed Trom

|
periodontal pockets. In the former instance care has

to be taken to eliminate as fer as possible contaminse
tion from the gum surfaces by two applications of
tineture of iodine some minutes prior to extraction.
From time 1o time grenulomatous sacks have come away
attached to the zpex of teeth and these have bheen

opened and the contents cultured. Iecently, to elim-

l

inete altogether the possibility of outside contaming
tion, large sacks have been soaked in 1/20 carbolic

mins. The sack

0]

for 5 mins. and small sacks for 23
is then opened with & sterile scslpel and the contents
|
and wall-serapings cultured. By this method it has
been shown that anserobic diphtheroids sometines

form part of the infecting organisms.
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Study of the bacteriological flora of the stomach

has been carried out with strictly sterile precautions,

the Kyle's tube, syringe, snd tubes being sterilised |
| by boiling immediately before use. As soon as the
|

tube 1s passed and the resting juice drawn off, & por-

CG

1~
=)

tion, 5 - «, 18 placed directly into a sterile

tube and imnmediately cultured. The resting julce is

Jthen divided into two portions, one remaining at room
!temperature, tlie other incubsated &t 37°C for 24 hrs.
when cultures from hoth tubes are repeated. In this
way 1t has been possible in a large number of cases 10
correlate the bactericidal power of the resting juice

with that of its free hydrochloric acid end pepsin
!content. It has been striking to note the number of
cases in whom the gastric nmucous membrane has proved

to he

'.J-

fected and in nany instences proved a more
rtile source than either teeth or tonsils.

The ecollection of faecsel msterisl suiteble for
eultural purposes is of the greatest importance and
hes to receive specisal consideration. This would pei-
haps seem unnecessary and lsborious but unless care is
taken bacteriological failures and wrong diagnoses of
underlying infections is inevitable. The average
sample of stool collected from mental patients is not
infrequently quite useless for the study of the true
intestinal flora either aerobic or anserobic. Ixper-
ience hes shown that scybalous and even seni-formed

stool passed sfter admission where there 1g £ - 3 dayd

1

delay in the colon, containg as a rule only .coliforms
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and small numbers of streptococei. Anserobes are
usuvally absent or very scanty. THence it has heen
found necessary to accept only samples that from oh-
servalion are known to have passed through an empty:
colon which hes, 24 hrs. previously, been thoroughl;
clegred out by Plombieres lavege or enemas. A mild
lexetive is usuelly given to ensure thet at lesst
the intestinal content is not more than 24 hrs. old
before evacuation. In this comnnection it is =8 well

to mention thal the Plomhieres lavaze water contzins

| as an antiseptic 1 - 2 ozs. of Hs0s per pint, thus

excluding the doubtful circumstance of universal in-

fection by possible anaerobes after admission. In

cages where a good daily ection occurs it is the rule
to teke that which is peassed lest: ecare has also 1o

+

be talken to avoid urinated specimens as these are
frequently misleading. Uniformity of the gamples and
the minimum lapse of time before culturing are impera
tive if any cognisance is to be taken of the intes-
tinal changes that mey take place from time to tine.
In spite of these precsutions,some cases do not at
first show the full extent of their infection;&nd it
is only later, after local treatment and sometimes
specific foecal resction by veccines, that a true asses
ment can be made. IFurther reference will be made and
the reasons for this will be given in another section

METEOD OF INNOCULATION FOR PRIMARY CULTURES. lMaterisg

from the tonsil, teeth, stomach, cervix or vagina are

-

|

] -

L
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inoculated on 1'.e serobic chocolate agar medis and tw#
anserobic glucose agar tubes. Ian order tu obhtain
sufficient discretion of colony growth one loopful
of the materisl to be inxoculated on the anaerobic
media 18 first mixed snd spread on the surfece of an
serobie nutrient sger slope,and from this serial in-

moculation is made on to the snserobic media.

rimnary cultures from the stool are msde as fol-
lows. LiacConkey's bile sult agar snd chocolate agsr
are used for the study of coliforms and the strepto-

coceel group respectively. With & standardised

platinum loop one "flat" loopful is pleced near the

margin of the media and spreszd over with a clean bent
glass rod previously sterilised in the buns flame.

In inxoculating the chocolate agar, especially with

4

newly mede plates, great care should be tsken not to
break the surface, but at the sane time the materisl
should bhe well rubhed over to ensure even spreading.
the method of inmoculating the anaerobi
glucose cgoer tubes has been to take a "Tflat" loopful
end spread this thoroughly over the surface of the
nutrient agar slope. The loop was then flamed and,
when cool, was rubbed on to the films at the top of
the tube where it ig thinnest. This was then trans-
ferred to three anczerobic agar tubes by serial inNocu-
lation, care being taken to rub the material well ever
the whole surface of the agar before carrying the loop
on to the next tube. It was found advisable to open <

ensercbie tubes just prior to making the culture

he

rotating the top of the tube and cork in the bunsen
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flame for 4 - 5 secs. this being sufficient to allow
the cork to be removed without difficulty. The wool
plug was picked out with the dentsl tweezers bhefore

nentioned, &nd discerded. To seal the tube a plug of

ordinary clesn absorbent wool was used,

o]

{

e
38, if dry

sterilise

fut

it became brittle and powdered the surfacé
of the ager. o contamination has ever occurred on
account of using unsterilised wool for this purpose. |
The chemicals were added and the tubes sealed in the
usual way, and incubated at 37°C.

In order to obtain additional uniformity the
following method is now being tried. One loopful of
feecal material is rubbed into 5 cc. of sterile nor-
nal saline until the suspension is approximately equal
to that of a 2000 mill. comperator vacecine standardiss
tion tube. Cf this suspension one loopful is trans-
ferred to the first snacrobie agar slope,and serial
inxoculation carried out es in the other method.

LETHOD COF SETTING UP CULTURES FOR CEREBRO-SPINAL FLUIN

AND SUBSEGQUENT TECHNIGUE. The whole of the flwuid,

usually 10 ce., is spun &t 1700 revs. per minute for
5 minsg. in order to collect any cells and bacteria
for microscopical examination. All but 0.5 ce. is
decanted into another tube, the residue shaken and
smears made by trensferring several loopfuls on to
clean slides. One nutrient serobic agar tute is
inxvoculated with seversl loopfuls of the deposit and
the whole of what remains is transferred into an

anserobic glucose hdemoglobin ager ttbe which is then
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| sealed. ATfter 24 hrs. incubation the tubes zre
examined and any colonies developing within this time
are identified. If they have remained sterile the
fluid in the anserobic tube is carefully W’sbed upon
the surface of the agar to szllow any developing bace-
teria to be deposited on the agsr, this being done
without opening the tube. This nrocess is repeated

-

each dey for seven days,and if, by the end of this

time, no sign of growth appears, the cerebro-spinal

fluid i

3

considered to be gsterile. If however bhac-
teria of the diphtheroid group are present,minute
transparent colonies can usually te seen growing onm
the surfece of the agar on the second or third day,
where the fluid has been washed up. They are usvally
attenwated but will survive one or two subecul bures
&8 a rule. In some thirty cultures by this method,
growths which have appeared on the serobic or ansero-
bic media within 24 hrs. heve been found to be either
diplococeil or staphylocoeei which subeulture readily
and. become vigorous, but in only two~cases have Buch
growths occurred and these were accecpled as conlamina-
tions.

TIIE STUDY OF PRIMARY CULTURES. The liacConkey and

anserobic tubes are examined after 24 hrs. ineubation
but the chocolate agar plates are left for 48 hrs.
before making subecultures; this allows time Tfor
better differentiation of colonies. The colonies

on the liacConkey plates are exemined and subcultured

in the wusual wey and the anaerobic tubes are next
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gstudied in full daylight under a X 10 aplanic hand
lens. All three tubes are examined and compered, the
differences in colony characteristics being made out
according to their shape, colour and surfeace
appearance. The latter is best ascertained by rota-
ting the tube slightly so that the light may be reflee-
ted on the surface. BSomne colonies can only be dif-
ferentiated by a close study of their light reflecting
properties which may vary considerably. When the
different tiypes of colonies and their numbers are
roughly assessed, the tubes are opened and the colonies
picked off under the lens with a fine platinum point.
At this stage further differentiation can often be
madc as the consistency of the colonies varies con-
siderably; some are intensely stieky (adherent),
some soft but cohesive, while others again are watery
and melt under the needle. As each colony is yicked
off and drilled,its characters are carefully noted in

& book specially kept for the purpose,so that subse-

quent growth can be correlsted with the primary charac-
|
teristics. In the size of {ulbe used it is possible
with care to make 4 - 6 drills on one slope, the

primery and subculture tubes then being re-plugged,
ealed, and inecubaled for another 24 hrs. It is imporr
tant to study the primary colonies after 48 hrs.
growth since meny undergo changes which more elearly
differentiate them from any other species that may be
present. he drills are usually sufficiently grown

in 24 hrs. for them to be stained by Gram for micro-

scopical |
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differentiation. .here the third,snd sometimes the

srowth after

second primsry tﬁbes show little or no g
24 hrs. incubation, it is advisable to leave then
until next day. In this way the more delicate and
slower growing diphtheroid species can be isolated,

|
such colonies &8 & rule subculturing readily. Vhen !
however growth is zood at 24 hrs. and the colonies

are close together,subculture at 48 hrs. very fre-

quently faeils. Thig is pertly owing to failure of
food supply and also to the relatively limited sur-
vivel capacity of these anserobic species of bacterial

TiE USES OF TEE ANAEROBIC SERUL . FLOGLOBIN GLUCOSE

i
|
DROTIH. ‘

A. PRIVATTY CULTURES. This media hag been in use for

the past six months and has proved of great service
|
in the study of anaerobes for all material except the

intestinal content. In the latter the rapid growth |
|
of thie coliform utilises too much nutriment and causes

s rise in the Th. which inhibits the growth of the

=

more delicate and slow-growing diphtheroilid or lepto-
thrix species. In some instances, particulerly

where the dental, tonsillar or cervix cultures on the
anaerobic agar slopes have not shown diphtheroid

growth, the Lbroths, after 48 hrs. incubation, have

been Tound to contain small numbers of ‘polar-sieining

diphtheroids which, if inecubated for 5 - 4 days,

_I
continue to multiply. Lnaserobic end faecultative [
streptococei also grow well but, owing to the longer
survivael capacity of the diphtheroid speeiés, sub-

culfure on the third dey on to aenaerobic hesemoglohin |
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glucose &gar as & rule yields & pure growth of the
diphtheroids. In cervix cultures this broth slmost
entirely elininates the largely saprophytie aerobie
flora of cocel and large types of diphtheroids. This|
cultural seleetivity has made it possibtle to ohtain
growths of attenmated anaerobes which can then be
further differentiated, according to their aerobie

adaptability, by suvbeulture on to aerobic and snserobic

A

heemoglobin agar. LYy experience of the value of this

4

to prediect with some measure of con-

media allows me
fidence that bactericlogical research, if carried outi
by these methods, will yield results not hitherto
possible in the study of chroniec and latent infectioné
of the cervix and endometirium, especially in reletion
to neurotoxic states and puerpueral fever.

B. SUBCULTURES. Good growths of the snserobiec

|
diphtheroid and leptothrix species can usually be oh—j
tained either from well-grown colonies piecked off ‘
from the primer)y anaeroblc hsemoglobin agar,or from
pure isolations in subcuvliure. Growth is usually
apparent in 24 hrs. but some delicate streins take
48 to 72 hrs. before a vigible deposit forms. Facul-|
tative bacteria belonging to both species grow very
strongly and differentiate well. With the diphtheroid

group vigorous growth may form a heavy deposit with

the production of elouvd in 24 hrs., hut as & rule

most strains reguire 48 hrs. Stroang growth is usually
|
acecompaniesd by the dissppearance of the cloud and the|
precinitation of the haemoglobin owing o the rise of
|
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Ph. largely duve to cerbohydraete decomposition. |

Cbservations on the bBehaviour of a large number

of strains would show that the meximum period of vi-

tality is usually at the fourth day, growth after that

[
("L

time virtually ceasing. This has been tested by sub-

culturing on to anserobic agar every day up to the

sixth,and noting the vigour of the growths. 3By the

fourth day growth appesars to be spent as shown by

failvure Of most strains to undergo further propogation.
Those that survive grow sparcely, and usually die out f
in another 24 hrs. This finding bears directly on i
|
the study of their Ffermentation reactions whieh will i
be discussed in enother section. TUp to the present |
no production of gas has ever been noted with any of

the diphtheroid species isolated. The anaerobiec lepto-

thrix group acaspt themselves much more readily to
1
broth than to surface conditions. They can either be|

|
|

lsubcultured fron the primary heemoglobin agar slopes |
|

or Trom drills. Their growth in broth is character-

istic as they form & cohesive or filamentous ropelike|

mass without cloud. Growth is slower than that of the
diphtheroid group and their vitaelity is maintained a

little longer,but this has not been found to alter

their suger reactions beyond the fourth day. |
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|METHOD OF INNOCULATING THE ANAEROBIC SIERUL L“MJOULOBIﬁ

| SUGAR BROTHS FOR TESTING THE FEIMENTATION EEACTIONS OF

‘HE ANATROLIC DIPHTHERCID AND LEPTOTHRIX GROUP. The

sugers cen be inNoculsted either from good surface |

growths on the anaerobic glucose agar slopes,or pre-

ferably from a well-grown 24 or 48 hrs. old anserobic |
broth culture. In the series of rescltions given, the

| latter method nas been employed with only a few excep-

.

y L , . =
| tions. llere it is necessary to enter into sone det&l%

|
|as to the technigue since there are various sources of

-

lerror which esuse Ffailure and wnisinterpretation of

'results. Nine test substences have been used, viz.

dextrose, lactose, saccharose, maltose, mannite, galad

tose, dextrin, glycerin, and laevulose. The nine sugg
tutes are placed in s rack in the order mentioned.
Teeh tube is unsealed but the wool plugs left untouche
ng the period of colour reviving which has already

been referred to. This is necessary so that the con- |

ditions may be the same for all the sugars, and takes

few minutes, the tubes being very gentle agitated

to hegten the process. When this has been done the

plugs, which tend to become more moist &s the tubes

keep, are removed. It will e noticed that in the

tubes in which the plugs are alnost saturated a ring

of brown alksline fluid sdhers to the glass. Creat

care must be talken that this does not trickle down in-+

to the broth unobserved. If this happens the media 1

I, S

completely spoilt, but may only be noticed later by the

absence of growth and &n orange discolouration of the

d
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broth. The growth deposit in the anserobic broth is
then carefully sucked up into & sterile glass pull-

out pipette with I R teat, snd 2 drops transferred 1o

ugar broth, greut care being taken not to touch)

m

each
the inside of the tubes or chemical contamination will
occur. When completed,fresh plugs of absorbent cottoﬁ
wool are inserted,in doing whiech it is necessary to
push the plug sufficiently far down to soak up the
residue of brown chemical adherent to the glass s&nd
to withdraw this & little if too close to the troth.
Once the plugs dre introduced,the pyrogallol and 2
drops of 10% NaOE are added, and sealing up proceeded
with. The tubes are incubated and resd each day on
four subsequent occasions, and any tubes which, efter
24 hrs. at 37°C, exhibit a brown or orange colour

shounld be discaréded as this is either caused by accesp

of air due to an iumproperly Titting cork, or to the
chemicels having reached the medis. After a few i
weeks experience, errors such as those described rore-|
ly oceur, the technique having been found reliable

and’ the results essy to interpret.

GROWTH CHARACTEKISTICS AND DETERMINATION OF FERIIENTA-

TION REACTIONS OF ANAEROBIC DIPHTHEROID AND LFEPTOTHRIK
BACTERIA.
A. THE -ANAFROBIC DIPHTHEROID GROUE. The present

combination of ser and hsemoglobin in the propor-

tion of 3 : 1,and 4% of the total comstituents of

the broth, sppears to satisfy the requirements of all
|

. . s o s, K " e - ed e el |
the anaerobic diphtheroids which have been-studied up

1
to the present, including some of the most fastidlous



|definite fermentation until the third or fourth day,

of colour, amount of growth (referred to as de;osiﬁ),‘

| preceeding the production of aeidity, which nay oceur

62,

and delicate species. In determining the fermentation

reactions the following observations eare made; change

presence or ahsence of cloud, and, at a later stsage,
decolourisation indiceating maximum fermentation.
Carbohydrate splitting power and the amount of growth |
produced rums practically parallel. In Tour days witﬂ
vigorous streins the deposit formed in the sugars thed

are strongly fermented may smount to a guasrter of the

total bulk of the media. With these,fermentation fre
quently commences in 24 hrs. and always in 48 hrs.
In contrast to this the sugars that remain u“ferLouted

although &lways showing growth, do so in & relatively

smeller degree. Less active strains may not show

growth again corresponding. but sometimes slightly
1
suddenly between the third and fourth dey. The fact |
thaet the media is transparent makes such observations
sible, and with experience one has teen eble in
some instances to predict the ultimate reaction, an

advantsge not obtained by the Iliss's serum sugars

ot

whiech have also been studied under similar anserobic
conditions. During the riod of incubation bleaching

of the litmus already referred to occurs, the tubes
turning & cherry pink colour. In tubes that are fer-
menting this change is masked, but in the others

bleaching may be mistaken for acid production except

that the relatively sumall deposit acts as a- guide.
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Confusion is

”
Lo}

[$24

wvolded however

anc.

the

regetions mede

perfectly clear bty the simple expedient,

mentioned

previously, of opening the tubes after the vpreliminary

notes of the finegl resc This hass been|

termed the "Alr Test" and is carried out as follows.
The tube which, before opening, shows the maximum

tleaching with the minimum of growth is chosen Tor
a control. lLestoration of colour is observed in the

; . : |
tubes after opening until the control tube returns to‘

its normel ecolour. Iuring this'period it is necessary

It will be found that l

agitate the tubes gently. |

only those tubes in which considershle deposit las

formed remain acid,

there

in deéiding the degree of

being rarely any

acid reszsction.

difficulty

Maximum

-

mentetion is noted by & light straw colour of the

broth while the growth deposit,which is heavy, is alsa

a2

seen to be augmented by brown precipitation of

hzemoglotin. A 'ight red colour with heavy deposit

denotes & strong reaetion, cloud being either slight

or absent. A mediuvm reaction is darker in eolour,with

less deposit and varying degrees of cloud. A deep red

(2

with or without slight eloud is taken as a slight

reaction. Indefinite or trace reactions are only

occasionally met with. The

ormation of ga

gas hoas nevew

been observed.

B. ANAERCBIC LEPTOTHRIX GROUP. The same technidue and

I

ions appl

v, g&rowth however rarely being so

cohesive or filamentous

vigorous.

ropey nass,

It appears &s a

cloud FTormation being infredquent and

-
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sd ocourring only in zugars fermentin:

£

Very

ly. On the whole their carbohydrate splitting

power is much legs marked; nevertheless it is

possible to deternine their reactions in the same

wey es for the anserobiec diphtheroid and Klebs-

Loffier group.

'ne significance of the resctions of the two

groups of bacteria is discussed in the section

dealing with the classification of the anserobic

diphtheroid and leptothrix group.

STAINING AND FIXING JIETEODS.
a

QO OmATH
[

(Jensen's liethod).
llethyl Violet

Tugol's Iodine.

0.5 % aqueouns solution

strong-

MWe
e

Dist.

Jodine 1l gram.
Pot. Todide & o
Dist. Water 100 ecc.
Ahsolute Aleohol. i
l
Neutrsl Red Solution. ‘
Heutral 1 gream.
1% Glaecial Acetic aecid 2 ce.

ter 1000 ce.

ilethod.

liethyl Violet, one minute.

Ingol's Iodine,

one minute.

ceases. HNeutrsl Hed Counterstein, one ninute.

Good results for the diphtheroid group can Ye|

obtained by heating the slide on warm stage before

staining, and applying stain for two minutes.

time reguired for decolouration is’longer than Tor

the first method, the granules and metachromatic

properties however coming out more cleaprly.

Absolute Alceohol, until decolourising

The
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B. NEISSER'S STAIN (modification of Coles' lfethod)

| 1. The filmg are warmed on the stage and, while werm,

are gtained with Neisser's blue Tor one nminuile.
2. Wash in waver.

3. Stain with Iugol's Iodine for 30 seconds. .

4. Wash in water.

5. Stain 10 - 15 seconds in Neutrsl Fed Solution.

Heutral LRed ' 0.2 grams.
Digt. Vater 100.0 ke«
The tody of the bacillus is stained a brick red and

the zranules hlack.

The above method has been used for differen-
tiating the polar bodies in the diphtheroid and
leptothrix groups and has given excellent results.

¢. LOFFLER'S METEYLENE BLUE. (Recognised Technique. )

D. CARBOL-FUCHSIN. Method for staining spores. i
E. FLAGELLA. |
|

Tannin 2 grams.
Dist. Water 20 ecc.

3

Yerrous Sulphate Solution 1 : 2 4 u

Saturated Alcoholi¢ Sol. Fuehsin 1 u

-4

|Method. Tour mordent over film end heat without boiling

]

for one minute. Vash in water, Stain with carboli

fuchgsin. Wash in water. Dry :nd mountb.

L

PIXING SCLUTION. For snaerobic hroth denosits and

growths in sugar brolhs it hias been necesszary to
fix slide preparations in 1% formalin in absolute |
alecohol for 5 hr. Yor &ll other preparations the

-

method of fixing by heat has been employed.

iy
L




66,

V. THE ANAEROBIC DIFHTHEROID AND LEPTOTHRIX GROUE.

CULTUEAL MOLRPHOLOGY , MICROSCOPICAL CHARACTELTSTICS,

ATD CLASSIIICATION, WITH TABLES.

THE ANAEROBIC DTPHTHEROID GROUP.

It is necessary, before entering into the thalls
of miecroseopic &nd enlturel morphology, to define what

Be 3

eriteria of growth habit has clessified species of th

wd

diphtheroid group 28 anserobes. The term anserobic 1in
this research implies primary conditions of culiural
growth in a media from which the nascent and combined

oxygen has been entirely removed. I have emphasised

| this because I telieve that no method employed at the

present tine fulfils so elosely the conditions of com;
plete anseroviasis. No dipvhtheroid has bheen included
in the 312 snserobic specles unless it has appeared
only on or in the primary anaerobic glucose haeno-
globin agsr or broth. FTarallel aerobic cultures have
been carefully stndied to exclude facultative anaerobes.
Although the full numbers have not been tested for
their aerophilic adaptability, numerous members of
each classified group have heen tried at various stages
of anserobic¢ growth. It is a remarkable fact that very
few heve survived the presence of oxygen, w'th the
exception of two groups, even if given identical condi-
tions of nutrinent. A number of aerobic and faculta-

tive robic species of diphtheroid have been isola-

|...
.,.:

ted also, but it is readily seenfrom comparison of

their numbers that they form a much less wide and

numerous group than do the striet snaerobes; this



anplies at least to case groups 1, 2, and 3, from

{which the species are derived. It is prohable howeven

[ o«
|fvlfilled, there must remain a comnsiderable gap inm our
|

|[Tication snd modification as knowledge is gained. It
|

9 - = . ll
that some species can te grown primarily under partial

nserobliasis and may even, under favourable conditions

fa

of growth in vive, survive the precence of full stmos-

o]

heriec oxygen. It has been proved on the other hand

that the nagjority of the species under consideration

sre smonsst sbrie of the most fastidious bacteris
known, both ag regards suiteble nutriment and condi-
tions of geseous metabolism. It follows therefore

that unless such conditions of growth are strictly

knowledge of bacterisl species in mental disorders
ond especially in the study of chronic and latent in-
Tective foeci.
vEtenpting to make g elassificeation of the
enaerotic diphtheroid species, 1t 1is realised that it
is by no nmeans complete end will in time undergo ampli
hoped however that it will serve es & guide for
those who may wish fto take mpp the work.

Owing to the troperties of the snaerobic heemo-
globin glucose agar, it has been possitle to differen-
tiate broadly their cultural morphology ard to divide
them into six groups. There is however no hard and
fast line and in meny instances only long experience

will enable the olhserver to note the subtle difference

!

that distinguish one colony from another. The groupii,

ug

has been based on appearsnces after 24 hrs. incubation

]

|
|
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since any change of growth character is, with one ex-|

s

-

C‘f
[J

:ception, merely an intensification of those already
noted. The exception relates to the development of i
haemoglobinolysis which may only sppear asnd slter the;

| appearance of & colony at a later stage of growth.

Haemoglobinolysis, or the precipitation of the unal-

tered haemoglobin to form an opaque circle round each

colony, would appesr to be due to sone extent at least

to fermentation of the glucose in the media, and local
rise in I, to the point at whiceh acid heematin is Trd

ed. Sonme colonies however which remain per-

| fectly transparent, ferment glucose readily under broth

|econditions, therefore it does not seem entirely de-
pendent upon sugsr fermentation. The size of the
colonies of course varies saccording to the discretion
or otherwise of the culture, btut average cha racteris~-l
ties only have been given. Shape as & rule is constan
except for two groups which, more especially if isola-
ted, tend to become elevated or heaped &t 48 hrs. with
sometimes & slight depnression in the centrey the base

ral

|of the colony may also expand irregularly. Ouch
1

colonies are ecither deep browvn or cream in colour and

e

show marked degrees of hsemoglobinolysis. The term
pin-head has been ado ptéd to describe a surfece con-
tour which is either raised or only slightly flattened
in distinetion to the definitely flet colonies of some
Species.

The differences in texture of surface appearance
can be made cut under a hend lens and this forms for

llT-u.

he surface

some the only means of differentiation.

t
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|
may be intensely reflective as in transparent water)y i
|
colonies, or be grenular snd duvll in appearance. '
Their colour, or the lack of it, is partly dependent |
upon texture and thickness, and slgo uvpon haemoglokin%-
tie properties. BSome, by transmitted light, are con-i

5

pletely colourlegs and transparent, while those that

are translucent are usually grey by refleeted light.

L3 e

| eyond this point the colonies btecome denser snd final-

[
=
(o

:l: opaque.- In these, colour serves as & distinguish
ifeatnre.and this nmay vary from grey, yellow-grey,

1

| cream, yellow-brown to deep trown according to the
idegree of haemoglobinitic reaction. The consistency
1&180 varies and forms & distinguishing feature of sonmg
value. Iliore than half are watery and melt on the

point of the needle. TFrom this they vary from being

soft and cohesive to rather firm, none being markedly
stieky and adherent ss is the case with the anserstie

leptothrix group. UOn subeulture much less differentisg-
tion is apparent, meny of the haemoglobinitic colonies
losing this property although it may reappear when the
tubes are incubuted fof 48 hrs. or longer. This
epplies especially to pure growths of group 1 whose
haemoglobinitic action often ceuses precipitation of
the whole medis, rendering it brown and opadque. Only
first subeuvltures not more than 24 hrs. old have been
relied upon for the differentiation of microscopicsal
characteristics. The greuping of their cultural mor-
phological charscteristics has been for the present

based on the frequency with which they have occurred;




thus it will be seen that group 6 has been placed last
although it conforms much more to the first group than

those that preceed it.

The mein distinguishing moruyhologieal character-
istics of the six groups, when grown on anaerobic
hgemoglobin glucose agar, are as follows;-

Group 1. (40.7§) are colonies with the following
appearences after 24 hrs. culture. They show as

gl

nedium sized colonies verying from 1 - 1% millimetres

.

in dismeter and in eontour form pin

1

bt
®
?‘l
h
n
|
L=
5]

elevations with smooth, shiny surface. The centre of
the colony is denser, forming & contrast to the mergin
which has & slightly wetery seni-transparent look.
This eppearance is ceharageteristic of the group &nd
nebles them to be readily identified when sssoecisted
with their yellow-grey colour. Some speciess; owing
to their greater haemoglobinitie power, sre denser

e

end teo transmitted light are opaque, with or without
an area of surrounding media which is fogged owing to
action on the haemoglobin. Such colonies are ususlly
yellow-brown to trown in colour snd their consistency
is always soft hut cohesgive which enables them to be
nicked up quite readily on the point of the needle.
After 48 hrs. growth all in this group become
denser and nany doveiop clearly defined haemoglobinitic
action which is associated with deepening of colour,
inerease in gize, and frequently alteration in shape.
The colony becomes elevated and often shows & puckereq

depression in its centre; the nargin naey remain




| srowth is readily made out, confusion possibly arising

Wil s

'smoot% irregularities however sometimes oceurring.

In examining & 48 hrs. culture this development of

however unless it is appreciated that all the colonie d
on one tube belounging to this group do not nec CSS“*llj
undergo this change; otherwise one may be led to he-
lieve they sre two geparate species.

Group 2. (3l.1%) After 24 hrs., growth they appes
ag small to wvery smell colonies, being usually & -+
mil}imctrei in diameter and rarely larger thean 1 millil
metre. In contour they form either smeooth or slightly

flattened mnin-head shaped elevations with even margin.

3

e

2]
[

r gurface is usually highly reflective in & good
light, forming & miniature mirror, & feature characten
istie of most of this group. By transmitted light the
are mainly uniform in density whether they are com-
letely transparent or slightly translucent. None of
this group show haemoglobinitiec changes, this absence
of colour forming asnother diagnostic feature. In con-
sistency they are almost invariably watery, melting at
the touch of the needle.

After 48 hrs. culture only & slight incresse in
size is apparent except in isolated colonies, and no
alteration in shape or mergin occurs. The general
tendency is to become less transparent but some retain
this feature. Developuent of colour is inconspicuous
and in the majority the most evident change is &

slight greyness. As & rule their light reflective

-

r

o=
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roperties remain unaltered, tut they are usually
rather less watery in consistence.

Group 3. (11.6%) After 24 hrs. growth the size
of the colonies in this group is ususlly larger
varying from 1} to sometimes 24 millimetres in
diameter aceording to isolation. They have a definite-
ly £let contour with a shiny or semi-matt surface.

By transmitted light they are either trensperent or
trenglucent. They are usually colourless but a few
are sufficiently dense to appear grey.

At 48 hrs.,growth,in isolated colonies,ususlly
continues, but as a rule little alteration in shape
occurs. Some strains however develop & small, cen-
trelly placed  elevation, giving the colony a limpet-
like appearance. No heenmoglobinclysis occurs. 4s &
rule they are firmer7and some mzy becomne brittle,
brecking up on contaect with the needle.

Group 4. (9.9%) 1In 24 hrs. these colonies var:
from sbout 1 millimetre to 1% millimetres in diameter
They afa distinguished fror others hy their somewhat
mett surfece which, by reflected light, gives them a
watered grey colour. Ixcept for shape they are simi-
lar to group 3 colonies, being watery in consistence.

In 48 hrs. the colonies become less transparent
but otherwise undergo very little change. No haemo-

globinolysis occurs with this group.

Group 5. (5.8%) After 24 hrg. szrowth these are
usvally more uniform in size, being about 1 mil?imetrL

in diemeter. In contour they are similar to group 1,
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Torming pin-head cshaped elevations bhut with & less

smooth, shiny surface. Their density is more uniform

and colour is either grey or grey-white. Consistence

is alrmost invariadbly colesgive.

Lfter 48 hrs. incr

(3
1t

2ase in size ocenrs uniformly,

|heaping up not heving heen ohserved in this Eroupe

|
oA

The colony btecomes denser and its colour more prominéns.

|
Definite huenoglobinitic change hes not been observed

[}
H

‘kut occasionally & colony may turn to a definite cream
icoldur in which case very slight alteration of the
media can he seen.

Group 6. (0.9%) At 24 hrs. these colonies are
usually large, varying from 15 to 2 millimetres in
lﬁiameter. In contour they may either be pin-head and
definitely elevated, or show distinet Heaping and ir-
regularity  of the circumference; while the surface is |
usually dull. Colour is yellow-brown to yellow eand
haemoglobinolysis sapparent, although not so developed
as in group l.

After 48 hrs., continued growth is most usually to
be noted in increased size with heaping and irreg
larity of surface and margin. Colour changes according
to the amount of hasemoglobhinitic action, some colonies
deepening to a red-brown. Consisteney remains un-
changed.

MICROSCOPICAL MORPEQLQGY. Of all the bacteria knovwn

to seience none more than the Klebs-Loflfler bacillus

1

and allied species can claim the distinetion >f having

; - o : A |
stinulated so much resesrch or of having raised so i
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much varisnce of opinion as to their morphological
clasgification and biochemical reactions. From iy |

study of ithe anaerobic species this reputation has un-

}..J-

class

I”Oﬂtunatel been maintained1and the diffieulties of
| ficeation have been such that I hope it will be
|
I

.

appreciated that in their present form many of the

(o

[

i.roups are to be regarded as tentative, snd must in
‘due course undergo modification. From the point of
view of practical laboratory work however bthe table
has proved useful and may be so to others.

Although it is gene =ly accepted that loffler's
methylene blue fulfils most needs in the differentia-
tion of microscopical chearscteristies, in pra ctiie I
have found it better to rely on the combination of
Gram's stain (Jensen's method), and Coles modifica-
tion of HNeisser's method, vsing neutral red in plage
of Lismark bhrown counterstain. In adopting & method
of eclassification I have Tollowed fairly closely that
of Westbrook, Wilson end ilcDaniel (Ref. 1) referred
to by Grsham-Smith (Lef. 2) as insufficient data ha
88 yet been obtained to attempt to classify them by
their biological and pathogenic properties. The first
24 hrs. 0ld subculture from the primary colony on the
enaerobic haenoglbhin agar has been taken as being
most representative, since experience has shown that
misleading involutional changes take place very soon
on subseguent subeulture. Tolymorphism is, In sSome
groups at least, not quite so marked as with the Klebs

Loffler bacillug, & Tew species however Veing highly
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|
pliomorphice. These geem Lo have no Tixed morphology

\Jg.!
a Tacelt which has rendered thelr zcecceurate clasgsification
|

g metter of considereble difficulty and made it neces-

sary to inelude an indefinite or unclassified group.

The capacity of all the groups to take on Gram's

s

1n ig

®

xceedingly variable tut on the averasge they

(W

shea
are whet might be Termed half Gram positive. Sone
species oceur however that stain very deeplyswhile
gin are completely Gram negative. With Gram
the metechromatic granules as & rule stain clearly in
the hall Gram positive species and those that are
Gram negative. The presence or otherwise of granules
hag always been confirmed with FHeisser's modified
nethod which shows them up as inky black dots against
& brick red background. They form themselves &t
present into eleven groups inecluding those classified
as indefinite, subdivision having been made accordingi
to the granmuler, barred, or solid forms of Westbrook.
Additional to these arw coccoid rod types forming
definite chains, completely cocecal or diploeoces
Torns, threading segnented Torms, and those having
characters approxinmating to the Hofmann morphology
without however being classifiable with that bacillus,
The last mentioned group form only 1l.9% and are very
similar morphologically to the more common aerobic
forms of genito-urinary and nasal tyves of diphtheroid.
1 i

The first five groups fall under the term granular,

while groups 6 and 7, although being sparsely granular,

have had to be classified separately on aceount of [
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very distinetive charucteristiecs, the former being

Gram negetive and the latter coecoid snd chained.

Groupe 9 and 1O are non-grsnular. Subdivision of the

granvlar forms into five groups has been possible
owing to the relationshinp of the degree of granularit

and the size, Gram positiveness, and outline of the

DESCRIPTION OF LICROSCOPICAT GROUYS.

Group 1. These are generally half Gram nositive
rether thin, curved, regular shaped rods with small
but definite bi-polar granules. Neisser's stain show
e granules to be larger than with Gram but their
disposition remains usvally bi-polar. There are
grounds for believing ithat this group and group 2 are
in reality the same, but owing to the distinctive
appearances on first subeculture of a large number,
they have Tor the present been kept sepaf&te. In
older cultures group 1 tend to teke on the primary
characteristies of group 2.

Group 2. This group are more Gram positive and
are longer, thicker, and with an irregular beaded
outline, the ends being definitely rounded. The gran
ules are distinet, larger, and more numerous than in
group 1. ﬁeisser's stain shows numerous granules

which are as g rule regular in size and distribution,

three in each rod being the usual number. Some speci

tend to show pliomorphism, especially clubbed and
bottle shapes.
Group 3. Thegse are usually very Sf}ongly Gram

positive, some having & barred appearance similar

nF

2
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to the barred forms of Westbrook. The condition is
not parallel however as in this group granules are 1
most numerons, They are irregulsr in size and distris
bution and many are very large if steined bty Neisser.
The rods are larger ané longer than any ol the other
groupg. Iliomorphism is the rule, clubbed and coccoid
Tformg predomineting, while pseudo LL&ﬁC“lﬂ due to
partial longtitudinal fusion is & distinctive feature!
of nmosts

Group 4.-sre characteriged by bheing veriable in
taking on the Gram stain but none are Gram negative.
Plionorphism is & marked feature, celubbing,coccoid
formetion being the rule, and occasionslly short chaing
formed of rods are to be seen. The rods are much
shorter then in any of the other granular groups.
Neisser shows as & rule well marked, rather small,
grenules which vary in size and shape according to ths
degree of pliomorphism.

Group 5. This group are uvsuslly half Gram posi-
tive although some species are almost Gram negative.
Neisser usually shows feirly numercus but small meta
chromatic granules, mainly bi-polar. The rods are
characteriged by being slightly curved, thin, and
regular in outline with rounded ends. Two forms ocecun
in the group, one having long rods and the other shortg
being usuvelly half the length of the former. This
group stands out cuite distinetly from the other grenu
lar typeé.

Group 6. These are distinetive in being almost




|
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78.
ompletely Gram nezstive. lietachromatie granules are |
generally sparce but when present are moderately large
and situated in the bultoug portion of the rod. The

shape of the rod is characteristic and ean be contrasted

to & large-headed comma, the end of the rod usually

tapering to a point although oceasionally showing |
clubking.
Group 7. The characteristics of this group are i
feirly constant, uwsuaelly being Gram positive. The rods
take on the form of moderately large coccoids, the
longest diameter of the sphere lying parallel with the

ne of

‘;_l
e

chain formation which is a diagnostic feature |

|

varies, some being rod-like while others are large and

of the group. The size

m

nd shape of the coceccoids

ovoid. The length of the chain varies glso bhut as &
rule contsins 6 - 20 coccoids. Neisser shows the
cresence ¢f only & very few small granule s,%ut under |
broth conditions this group may undergo very definite
raetmz;ofrhosis, lose its chaing, and become definit.ei;'
granular.

v

roup 8. This group, although small in number,

[

are of iunterest in that they Torm wholly coeccal ele-

nents in place of rods. The coecel are large and usus

ly regular in shape hut vary a little in size, being
attached togethier in pesirs, the envelope of the cocel
apparently fusing &t the point of union. Single coccil
sre not often to be observed. With Gram's stain they
are usually completely decoclourised btut occasionally

some elements retain & little of the mefhyl-violet.
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As & rule & small granule c&n he observed lying in
each coccus which is usually better defined by Neisser
and takes on lhe black colouration of the polar bodies
in the other groups. From this faect it is probable
that they are analogous tp metachromatic greanules
characteristic of the diphtheroid grﬁup, gnd for the
present it has been necessary to classify them as

g of the wide divergence in

o+
L

belonging to it in spi
morphologys .
Group 9. The inelusion of this group smongst th%
anaerobie diphtheroids is perhaps open to doubt as
heir morphological characteristics place them some-
where between these end the zerobic leptothrices.
They are usually strongly Gram positive znd form large,

|
ﬁ
thick, rether straight rods with slightly rounded endé.
|
These elements vary very considerably; in length sone
are short and others may form long cosrse threads
either with or without segments. No branching heas '

|
been observed. HNeisser's stein shows them to be devoid
of grenules but in some species minute black particﬁeé
cén bhe seen scattered throughout the rods. In con- ‘
trast to the preceeding 5rou~s,they sre facultative i
aerobes and form cheracteristic colonies on zerobhie !
heenoglobin glucose agar which are frequently differ- |

|

ent from those growing under anserobie conditions. |

Sore are most probably anacrobic species of the aerobic

: - !
leptothrices to wheseh they appear to be the most closely

related in general nmorphology.

L\



Group 10s This group are very sirongly Gram
positive and usually form medium Lo larze, straizght
or curved rods having rounded or pointed ends; others
agein may appear as elongabted cocei. Soume.species
&ye ralher similur to tThe Lofmenn becillus but tend
to e larger. As with group 9 they are facultati Ie

aerobes although some of ihem do not grow well at

=

Tirst. Illost of the members of this group are probabl]
8 Tew species of tlie wvery large ané commonly met with
aerobie group which uare stroungly facultative to an-

aerobic conditions of growth and, while only appeering

. -

under primary snaserohissis, reta thelr power of

reversion to serobic habits of growth. Ileisser's

£

stain has showvn no evidence of granules except for

minute particles gsimilar to those observed in the

previous group.
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81. .
CLASSIFICATION TABLE OF 312 ANAEROBIC DIPHTHEROID

SPECIES OF COLONY AND MICROSCOPICAL

GRAILL AND NEISSER STAIN, SHOWING THEE RELATIONSHIP BE-

TWEEN THE GROUPS, GIVING FIGURES AND PERCENTAGES.

CHARACTERISTICS,

L

| sose—
Gram
lNeissen

Colony Characteristic Groups.

Microscopie

IYrero=
scopic |Group .|
Group- 1

ing.

Group |Group
2 3

Group

A

Group
3,

l.._.._....._.._ A i e i i ] ?.E.I,:.

Groups.

Group||[Totals| cent
6 age.

|©3 J'.:‘P . i
Granu- | 4
Lar. &9

Grp. 2
Granu- | 44
l{;LI‘- 35. 8:}9

]
(]
1o
[.-...!
o
L]

(o]

Grp. 3
Granu- | 17
lar. [11.0%

Grp. 4.
Granu- 3
lar. | 2.3%

i~

Grp. 5
Granu- 1
lar. | O«7%

Grp. 6
Pliom.

Gram 8
Negtv.

Grp. 7
Chain-

ed il
Type.

GEp. 8
Coceal 5

Grp. 9
Thread
ing.

A

0o

Urp.10
Aero-

bie X
Types.

Grp.ll
Inde- #)

finite

Totals
Cul-

tural [127
Groups

97 56

31

18

Per-
cent-
age. [40.7
Groups

3l.1 11.6

Q

9

049 100%
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The accompenying teble has been compiled to in-

dicate the meain relationship hetween the colony types,

which have been divided into 6 groups, and their
w3 p 2

microscoplical characteristics which I have differentia-
ted as far as possible on recognisecd lines of morphol-

0Sd »

Key to Colony Chuaracteristics of the 6 Groups, 24 hrs.

Group

Group

Group

Group

Group

Group

Note;- The percentage figures In braekeds are celcular

ted on the microscopic group totals.

l.

6o

grey-white, cohesive colonies.

Growth.

(40.%7¢%) ledivm sized, pin-head, raised,

yellow-grey to yellow-brown, cohesive col-

onies, the latter showing slight haemoglob-

inolysis of the surrounding media. |
(31.1%) Small to very small, pin-head,
reised or flattened, transparent or semi-
transparent;, watery colonies.

I

(11.6%) TLarge to medium, flat, grey, trans-

parent or matt, vsually wabtery colonies.

(9.95) ledium, pin-head, raised, grey,

transparent, watery colonies.

(5.8%) ledium, pin-head, raised, grey or

(0.9%) Large, pin-head, raised or heaped,
yellow, cohesive colonies showing slight

haeroglobinolysis.
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ANALYSIS OF THE CULTURAL AND I'ICROSCOPICATL LICRPHO-

|
ILOGICAL TADLE, Ixeminsation of the table shows that

correlation of cultural and microscopical morphology

e

|
has not led! to = completely clesr division of species

s

;Ehis nardly to be expected however since diserepan-

cies in Toth methoids of differentviation are inevitable

owing te various factors which are partly beryond eon-

| B |
[ g . - |
ltrol,such ag initial attenuation of growth, slight

iV&fi&tiOﬂ in cultural conditions, or the sssociation
lof strongly growing colonies affecting the development
- jof" weaker species. Ievertheless gertain bhroadly de-
ifﬁncd arouping can be made put whieh serves as a basisg
|
ifor further clagsification and study. Cultural groups
il end 2 are the largest, forming 71% of the total, ?
lbeing 40.0% snd 31% respectively. CGroup 3 falls far
isnort but is next in mambers. The first cultural
lgroup contains & very large proportion of the grenular
|t;pes, groups 1 = b having 8bH.6%. TFurtlier subdivision
o the microscopicel characteristies show that groups
1. end 2 have the largest share and together form 71.0%.

=

The second ecultural group containsg 66% of the Tive

grenular types bult with a more even distribution of

numbers. In contrast to this, cultural group 3 has |
63% of non-granular types. The remaining cultural
groups revert to the granular species but the numbers
are scareely large enough for comparison.

With regard to the microscopical group clasgifica

tion it will be seen that the granular types predouluhie,

forming 70.4%, of which the closely-allied groups 1 and
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2 form more than

THE RELATIONSHIP OF THE MICICSCOPICAL CIARACTERISTICS

CF¥ BSCHE OF TEE GIOUES TO THE KLEBS-LCFFLER BACILLUS.

Owing to circumsiances beyond ny control I have notd
been ahle to excmine a2t Wantage House many strains of
LJ L3

9

1=k

Klebg-LofTler Tor purposes of comperison. IHowever,
from my experience of the hundreds of throat swabs
from suspected cuses and systematic searches for
garriers in schools while &t louthport, I believe I
heve ascquired the necesgery bhackground of knowledge |
thet enatles the pathologist to give or to reserve
neria. The mieroscopical mor=
rhologieal characieristics of groups 1, 2, and 3§ are
in my opinion identicgl with that of Klebs-Loffler,
had been seéen in smears from acute throats
mixed up with other bacteria, no hesitation would have
teen. felt as to a disgnosis of diphtheria., It will

te seen later how closely in snother respect some of
the species examined conform to the Klehs-Loffler
baeillus. Group 5 are also very similer in their
general characterisgtics bult belong to the less ¢OmI101
Klebs-Loffler types. It is interesting too that the
colony characteristics of group 1 resemble somewhet
closely the growth of Klebg-Loffler on Loffler'

medium end both types of colonies appearing on nutbtrient

K

agar. Group 2 colonies however appear to have no

analogous diphtheria colony prototype.



@p]
&
-

| LATER JMIICROSCOPICAL MOFFPIEOLOGY ESPECIALLY IN ANAEROBIC

SUGA:. BROTH. In comion with the Klebg-LoffTler

:1m0111us, all the granular species of anaerobic diph-
| theroids undergzo involutional changes whiceh produce

a multipliecity of size, shape, and aggregation of the
metachromatic granules. Under broth conditions,

|espeecially in growths which have rapidly fermented

=

@

sugears such as:glucose, gslacltose, and lzevulose, the

s

nteresting phenonenon of branching occurs. ‘ﬂrcful
observation shows that this process is identiecal with
|thet @eseribed by Hill in 1901 (Ref, %). L.Marten in

o

1924 (l.ef. 4) describes this occurrence in Park and
Wiilliams No.8 strain, and Hill found it present in
imine out of ten virulent strains. In 48 hrs. glucose
lbroth cultures and fourth day sugar broths, branching
with end without polar bodies, has been observed in

|

|

|

|

| . . R 2 L)

‘some species of the microscopical groups 1, 2; 3, end
|

|

“6. I believe this feature, espart from others, helps

to form & strong link which brings closer the relation-

iship of some of the énaerobic diphthereids to the

(pzeillus of diphiheria. An investigation of the

1
L
|

motility, presence of fleagells, and spores has been

[
jmade, and all have proved conclusively negative.
|

THE ANAEROEIC TEPTOTLIIX GROUX AND ALLIKD TFACULTATIVE

ANTD AEROBIC SPECIES.

4

I have found that the literature referring to
this group of bvacteria contains only one reference to
strictly anaerobic species and that text beoks give

very little information. Ferd hobertson, in his book
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on Therspeutic Immunissation, peges 98 snd 172, records
the isolation of snaserobic streptothriees from the

intestine in cases of diasbetes, end in nervous or

mentel disorders. e refers to them ss important
neurotoxic orgenisms which proved to be pathogenic
when fed to rats, causing emaciation and death. No
mention is made however of the isoletion of lepto-
thrices. DBulleid (Ref. 5)‘in an experimental study

of the relation of the leptothrix bhacillus to tarter

Tormation,describes its

Q
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characteristics and gives the biochemical reactions

of ten streing. It is Gram pesitive bub warisble,
very pliomorphic,and g faeultative anserobe. No men-

tion is made of metachromatic granules. Leptothrix

Innomineta and its aection ss & parssite is discussed

s

v Miller (Ref. 6) who describes it as a microaero-
rhile-enserobe which hitherto, according to Goadby and
Kuster, hes never been cultivated. In morphology it
has only & slight resemblance to some of the anaerohi
leptothrices to.be described, and is unlike those inter-
mediate between them and members of the diphtheroid
group. The latteyr sre freguently facultetive an-
serobes. Although some of the anserobie streptothrixl
group isolated by Ford Lobertson may be closely sllied,
I have good recason to believe that the main members

of thé group now to be described present a type almosf
unknown to bseteriology. One of the grounds for tliS:

presumption is the fact that,even under the present

-



with the furrowed appearsnce of the surface. They

87
strict anaerobiasis, most strains are very delicate and
do not readily survive subeculture even in the anzero-
bie broth which has been found to suit them better
han the surface culture. Iurther, none out of e
very large number tried have ever grown when sub-
t have

ecultured under aerobic condition; those the

)

|
|

adanted themselves to gerohie enliure have shown
guite & different microscopical nmorphology. ‘
|
1

THE CULTURAL AND MICHCSCOTRICAL CHARACTELISTICS OF THE

LILE;OEIC LEPTOTERIX GROUP. The classification of

this group has been based on the study of 141 stralnﬂ
isolated mainly from case groups 1, 2, and 3. The I
conditions of culture ere those already deseribed !
under the ancerobic diphtheroid group. They divide '
thenselves into tkhree mein groups. |
i
|
|

Group l. 118 strains. After 24 hrs. growth the|

f=ts

olonieg of this

‘roup are readily distinguisheble

&

1=y

from those of ithe asnaserobic diphtheroids. They are
variable in size but ususlly large, being 2% to 3
millimetres in diameter; smaller forms of 1 milli-
metre do oecur tut are not so common. Their contour

is characteristic and may take one of two forms. The

first and most freaquent is like & broad cone. The

second is flatlier with a central point and raised
mergins; Toth have a rough surface giving them a

g
0

sugared appearance which is absolutely characteristic;

The margins of the colony are irregular’in keeping

are most commonly grey or yellow-grey in eolour but

transparent forms are met with. Some strains have a
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distinetly heemoglobinitic action whish gives the
colony & yellow-brown ecolour. Their consistency Torug

sriother valusble means of cifferentiation, being in-

tensely sticky, adhering to the medis gnd, when picked
upy pulling oul to & long thread before ilaking the
point of the needle.

At 48 hrs. most colonies are inereased in size and

I&ensity and the haemoglobinitic strains show a deep

| own or crean colour. The roughness of t‘rle surface
has usuelly inceressed and the margin is more irregular.
Group 2. 15 strains. After 24 hrs. growth mem-
| bers of this group are usually smaell, verying between
|1% and 2 millimetres. The contour of the colony is

gently rounded and the surface, while being somewhsat

| glazed, is also slightly pitted which gives 1ts grey

a

| o grey-white ceolour & mottled sppearance. The margin
is mueh smoother than in group 1 but in consistency
the colony is characteristically sticky snd adherent.

After 48 hrs. culture growth hes continued but

s

i usually slow. Some strains develop & slight action
!on the haemoglobin, giving the eolony a light yellow
colouration, the surface snpﬁdranceo remaining unchanged.
| Group 3. 8 gtrains. At 24 hrs. the colonies

vary between 1 snd 2 millimetres in diameter and are

(usually quite flat, having a finely grained surface.
[mhev are colourless, being either transparent or
8lightly opaque. Consistency veries, some being very
Islightly sticky while others are brittle and a few are

watery.

o
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After 48 hrs. culture growih continues but no

changes are apparent.

OFICAL CHARACTERISTICS. As these are rela-

Group 1. The members of this group form a

tangled

| very oce

only two,bulbous dilatations have been observed

| appearing at wide intervals along the filamentis, whils

thicker

| tures

ma jorits
rnot take
Epletely
}this &ro
!taining

:best gee
|

| from prima

[Gram they sre either purple or deep red in colour

|
|

while e

black co

‘ment vari

as they would appear if short bi-polar rods were

|strung
l
|

2ars oF primary growths and of subeultures. |

together and held by =« sheath, ih others some

2 i : |
table when compared with the anaerobic diph-

group the FNollowing descripiion has been talen

mass of long, thin, even, filements with onliy

e |

asional seguentation of the protoplasm. In

filaments ogeeur in some species. In old cul-
definite sheath can be made oul hut this is
defined in the earleir stages of growih un-
mentation has occurred. Staining is most
with Gram, a few being Gram positive but the
half Gram positive with filaments whiech do
on the stain. COthers ggain tend to be com-
Grem negative. About 8C% of the strains in

3
1L

up have the distinguishing feature of con-
nunerouns metachromatic grenules; 1these axe
11 on smears stained by Gram or lleisser made
ry growths on the aneerobic agaer slopes. DY

igger's modified stain gives them the inky

@

louyr of the diphtheroid group.. Their arrang

o

¢g, in some strains being close together just

£
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distance apart. Thelr size varies alse butl is usuelly
mall and rarely causes beading. In older cultures |

{ the grammles tend to disappear and rarely becone ir

(o |

er. The question of braaching has
carefully studied and it has been found difTicult to

Y

distinguish epparent branching due to srtifact,
thaet whieh is true dichotomy. None of the strains in
this group exhibit true brenching, a fact which merit
tlieir relegation to the leptothrix group of bacteria.
Group &+ 1b strains. The general characteristics
of grovp 1 apply to this group with however the fol-
| Lowing differences. The filaments are thinner and
more delicate, segmentation is more frequent but with-
:OLt fragnentation of-the sheath, and in some the files
ments are made np of short tapered rods enveloped in
a thin shezth. Iearly all the species examined are
Gram negative, and metachrometic granules are either
| absent or very sparce. Branching deoes not oceur.
Group 4. 8 strains. This group exhibit quite

different characteristics from {the two preceeding

oneg. Th

o
®
[
-
2
B

short, thiek, often irregular rila-

ments which frequently show segnentation resulting in

bresking of the sheath; thus rod forms of varying

lengths can be found. The larger filaments are charag-
terigsed sometimes by showing curled-up siightly tul-
bous ends, tut only two suggested that brue branching
was present. Granvles have not been found in this
group. There is reason to suspect that some of the

in group 9 should

LJ-
[

threading species of diphth
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be included here; only three however have colony type

whieh approximate toe the present group in character.

TEE RELATIONSHIP OF THE ANAEROBIC DIPHTIELQID TO THE |

LEPTOTIIEIX GROUP. Un & morbhological basis slone it

will he seen that there are structurasl festurss comio

0

to both groups, the first end perhaps the most stri-
king being the presence of metschromatic gramules,

| both groups alike conisining speecies in which these

TR L . IR WS _.1.3__

gre elither numerous or absent The second is that

certhin species of both groups al some stage of de- ;
velopment have filaments snd rod forms together.

Lastly, under certain conditions the Klehs-Loffler

and the anserobice diphtheroids develop filamentous
forms which some observers hold show true dichotomy.
In regerd to pathogenic action there are good grounds
For asserting that the leptothrices produce a neuro-
toxin very similar to the XKlebs<Loffler and the an-

11

serobie diphtheroid group.

1]
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YT. BIOCHELICAL REACTIONS OF AWANHOBIC DITHTHEROID

AND LIEPTOTIRIX GROUE,

ANABROBIC DIPETHEROID GROUL

A deseripiion of the technicue has alread
given but it is necessary to add that the purity of
the growths in each serieg of tests has been carefully
checked for possitle contaminations and
gspecies. 411 the reactions have been noted on the '
fourth day,alfter application of the eir %
twenty -one anserobic diphtheroid streins £1l1 but two
fermented glucose strongly, the reaction ustvalls 5

.

starting on the first or second day. The two giving
weak reactions also showed only slight chenge in otheT
sugars, probably owing to intial sttenuation. Anaero-|

G

bie strains 14, 16 and 18 gave. strong acld rveactions’
in IHigs's serum hroth with c¢lot formation in one. |
Strein 17, the only facultative anserobe, produced ‘
strong acid and elot, anaerobic conditions gimilar 1o |
the other sugar bvrolths being spplied.

Only one strain fermented lactose s’c:r’omﬂ:,. Four
gave plus reaetions and & similar number produced only
glight change, usually on the fourth day. Twelve were
negative. '

Saccharose fermenters were found in four strains]
two gave slightly acid reactions and one a doubtful
trace, the fermentation power of the lsst strain heing

strong in three disgnostic sugars, ineluding sacceharos

Ho chenge oceurred with seventeen strsins. |

-



| straein referred to. The other was tested twice and

9.

laltose was Termented by &l strains, twelve

Siving merkedly seceld reactions and six straing plus
acid while three showed slight ckange. Two of these
were the attenuvstied strain referred to previously.
In mennite aecid reaetion falled to appear in aili
but e which gave plus acid reaetion on the fourih

da

?l“'

Galactose wue tested in fourteen strains. Seven
roduced marked Termentation, one of these causing

decolouration. ¥Five geve & plus scid reaction. Two

were negative, one of these being the weekly fermenti:

~a

4

remgined negative but fermented glucose, maltose and
laevulose markedly.

The sanme str&iﬁs showed wvariahle reactions in
dextrin, seven being negative, three slightly acid,
two definitely weid, and two markedly fermented.

Of eight strains tested'in glyecerin none showed
any férmentatiun reactvion.

Laevuiose gave mnarked acid reaction in seven out
of eisht strains tested, the remeining one producing
definite but less fermentation.

He facultative anaerobie diphtheroid No. 17
produced strong fermentations in glucose, maltose,
galactose, and lsevulose, acid reactions in lactose
and dextrin end negative results in saccharose and
mannite.

The zerobie diphtheroid and Klebs-Jl.offler fer-

mented none of the sugsrs, the latter producing very
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slight growth but not appearing able to adapt itself
to the strict anaerobic conditions. Unfortunately
circumstances did not meke it possible for me to ob-
tain further strains of either virulent or avirulent
Xlebs-Loffler as the reactions would have formed an

interesting comparison.
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TABLE 6.

ANAEROBIC LITMUS BROTH REACTIONS OF 21 ANAEROBIC
DIPHTHEROID STRAINS, °
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change in reaction.

Trace acid.

= Slightly acid.

Acid.

llarkedly acid

Strongly acid (decolourised).

= Not tested.

= Facultative anaerobe. .

1.

2.

1%.

18.

19.

21.

NOTES ON REACTIONS AND CASES.

Tested twice with same reaction.

Tested three times with same reactions; this
case has five different anserobic diphtheroid
species in the intestine.

Slight post-nasal catarrh, history of recur-
rent septic throats in childhood for many
years, assigned ceause bad drains. Two species
of anaerobic diphtheroid in intestine.

Acutely inflamed and odematous throat in very
toxie, confused patient.

Mannite acid fourth day, broth culture marked-
ly toxic to guinea-vigs.

ALerobic diphtheroid from chocolate agar,
strongly facultative anaerobe, non-metachroms-
tie, sheath type?

Reactions tested twice with same result.
Galactose reaction tested twice with same
result.

Chained type which developed rod forms and



9.
numerous metachromatic granules in the sugars.

No. 23. Aerobic diphtheroid from chocolate agar, metea-
chrometic and non-facultative.

No. 24. Klebs-Loffler bacillus non-virulent.

Strains 14, 16, and 18, gave strong acid resection in
Hiss's serum broth on the fourth day under an-
serobic conditions. In one, No. 16, clot was
produced.

Strain 17. The only facultative anaerohe tested, gave

strong acid and clot.
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ANATYSIS AYND SIGNIFICANCE OF RESULTS. Most authori-

tles are now in agreement ss to the fermentation reac-
tions of the Corynetacterium divhtheriae; some never-
theless still doubt the sherp distinetion made between
the bacillus diphtheriae, virulent and non-virulent,
and the diphtheroids, on account of the former's ina-
tility to ferment sasccharose, Eewlett and Bulloch
(Cef. 7) in the Medical Rlesearch Council "System of
Bacteriology™ No. 5 for 1930, pages 8l eand léS,state
trat the diagnostic reactions in Hiss's serum-water on
the fourth day are acid in glucose and galactose, and
negative in saccharose. The baecilli giving this reac-
tion may be either virulent or non-virulent. The
other sugars which the bacillus diphtherise ferments
are meltose, glycerin, and dextrin, mannite never
being fermented. In 1924 Barratt's (Kef. 8) and 0'Kell
and Haxter's (lief. 9) careful work showed that the
anomalous results with lactose in the nast were due to
alteration by heating, end that unheated lactose is
never fermented. Barratt further comnsidered that
dextrin is & substance too uncertain in composition to
constitute a reliable rezgent. Kliewe in 1926-7, on
the other hand, in examining one hundred and thirty
strains of the diphtherise bzscillus and other coryne-
bacteria found some that were saccharose fermenters.
Graham-Smith (Ref. 2. vnage 16C) in testing a number of
beecilli, obtained from outbreaks of diphtheria in six
villages, found that nineteen out of twenty-two strains

from one village fermented saccharose. The other
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sixteen strains from the remaining villages did not
ferment this sugsr. From a large number of fermenta-
tion tests he concluded that all strains of diphtheria
bacillus produce acid from glucose, galactose, laevu-
lose and maltose, and the majority from dextrin and
glycerin. The action on lactose is very variable, and
only a few strains act on saccherose. All his tests
on mannite yielded negstive results.

I have outlined the biochemical investigetions of
different authorities as their views, especially those
relating to the more controversial sugars, have a
bearing upon the probable significance of some of the
anaerobic diphthercid group under consideration. In
this series of tests lactose has been sterilised by
heating and is thus unreliable, according to Barratt,
In spite of this, only nine strains produced acid, end
of these, four were slight reactions. O0f the twenty-
one anserobic strains tested it will be seen that Nos.
8, 12, 13, 15, 16, 20,and 21 gave the fermentation
reactions of the corynebacterium diphtherise. The
facultative anserotre examined, No. 17, likewise gave
similar reactions. With regard to the other sugars,
2ll seven fermented maltose,and of four tested in
laevulose all produced marked fermentation. In dex-
trin only two acted on the sugar, and it is interesting
to note that none fermented glycerin. The last two
results may be significent in distinguishing them as
anserobic variants of the Klebs-Loffler bacillus.

When these species are relegated to their cultural
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and microscopical groups it is noteworthy that four
have the colony characteristices of group 1 which
correspond somewhat e¢losely to those of the Klebs-
Loffler bacillus on other media. The remeinder be-
long to either group 2 or 3, & fact which at present
leaves them without possible aerobic antecedents.
Their microscopical morphology nlaces four strains
amongst the definitely granular types, three belonging
to group 1 which has characteristics of the more com-
monly met with forms of Klebs-l.offler. The one strain
in group 5 belongs to a less common type , while the
chained form of group 7 is comparatively rare. The
last strain belongs to group 6 whose characteristics
conform to no known veriant of the Ilebs-Loffler, and
which therefore must for the present be eonsidered-
as an exclusively aneerobic species. Strains 11, 14,
22, and 18 gave Klebs-Loffler reactions except for
their fermentation of saccharose. The first three
gave some or very slight reactions, and it is there-
fore & matter of opinion &s to their classification.
Two have Klebs-Loffler types of colony, and three bhe-
long to the grenuler forms. The remainder of those
tested on the nine sugars must be classified with the
dizhtheroid group. One fermented mannite which is a
rare occurrence, only one out of one hundred and fifty
diphtheroids examined by Barratt scting on this sugar.
Two gave negative reactions in galactose, one however

being a feeble strain which fermented glucose and

maltose only slightly. The other, after being tested
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twice in galactose, remained negative. Strains 1 - 7
were only tested in the first five sugars and are not
conclusive; &all however fermented glucose and maltose,
and none saccharose. It is possible that some would
have given Klebs-"offler reactions had they been tes-
ted in galactose.

While it 1s necessary for further work to be
carried out in order to give additional support to
the evidence already obtained, it is, I believe,an
important fact that strictly anserobie Klebs-Loffler
species exist and that the majority of them have thei}
nidus in the intestine. Proof of this assertion will
be given when the findings in the four groups sare

compared.
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No change in reaction.
Slightly acid.
Aeid.

+= Markedly acid.

+
D =

Strongly acid (decolourised)
Not tested.
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TEE ANAEROBIC LEPTOTHRIX GROQUP.

The fermentation reactions of this group are on
the whole slower to develop (3 - 4 days) and are less
vigorous. Even when allowed up to ten day:for develop-
ment practically no further change in acid production
occurs. Owing to the relatively small numbers tested
and the somewhat variable reactions, no definite
grouping is as yet possible. A feirly large number
have been tested,but,owing to the spreading nature of
the colony, absolutely pure growths are difficult to
obtain. Examination on the fourth day has shown in
many the presence of small numbers of diphtheroids
which are only to be detected on microscopical examine-
tion. Such tubes have of course had to be discarded.

Glucose is acted on strongly by the majority of
strains, lectose and maltose to a lesser degree eand
only by seven out of eleven tested.

On saccharose less than half produced acid reac-
tion,while none touched mannite.

Up to the present dextrin appears to be the sugar
most readily and strongly fermented, eight out of ten
strains producing acid and four of these being strong
reactions.

Galactose was feimented by the same number of
strains but not all to the same degree, while six out
of seven strains ascted similerly on laevulose.

Glycerin was only acted on by one strain. Only
two strains, Nos, 6 and 7, produced changes in any way

similar to the Klebs-Loffler bacillus. ,
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The biochemical reactions given by Bulleid for ten
strains of the leptothrix Fuccalis in aerobiec nutrient
sugar broth compare with my own series only on galac-
tose, seven out of the ten strsins producing slight to
msrked reactions. Tor the present at least, there is
no indicaetion that the aneerobic leptothrix species
ere derived from the leptothrix Buccalis, in spite of
the fact that from my own observations tarter and
caries in mental patients are remarkably common.
Attenpts to establish the relationship between the

two bacilli are being made.
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YIT, ANIMAL EXPERIMENTS.

THE ANAEROBIC DIPLTHEROID GEROUZ.

With the time at my disposal it has only been
possible to carry out a limited number of experiments.
In 211 of them the hypodermic method has been used with
the purpose of ascertaining the virulence and toxiecity
of both anserobic grouns of bacterla. Well-grown
guinea-pigs of abouvt 400 grams weight from exceptional-
1y heslthy and vigorous stock have been employed.

Bacterial emulsion, whole sugar broths,and super-
natant broth fluids have teen used. Seven animals
have been inrnoculated subcutaneously with two strengths
of bacteriel emulsion from the enaerobic agar slopes,
some being given 2000 mill., others 4000 mill. In all
subsecuent experiments the intraperitoneal route wes
sadopted. One and two cce. supernatant fluid from 48 or
72 hrs. enserobic broth cultures were injected into
two animals. The effect of this fluid heated at 60C°C
for helf an hour was also tried in two other pigs.
Later four animals were infected with whole sugar
broth cultures contéining four different anaerobie
strains, the amount given to one being 1 cc. and to
the others 4 cc. L Klebs-Loffler type culture from
the lLister Institute grown in aerobie sﬁgar broth was
tested, 1 cc. of the broth having no effect. Two con-
trol experiments were made with sterile uninXxoculated
sugar broths, intraperitoneal inxogulation having
negative results. In all, eighteen different experi-

ments were made with eleven strains of anaserobic
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diphtheroid, two of which gave Klebs-Loffler sugar
reactions. None proved virulent but one was toxiec and
another produced leter pathogenic effects. Thé former
strain (No. 9, Table 6) fermented memnite, and the
contents of the tube, amounting to 4 ce., was injected.
In about four hours the animal was acutely ill and
remained so for 36 hours during which time it refused
food and lost 120 grams in weight. In another 24
hours it had recovered and hes remained heslthy. One
of the early experiments had en interesting sequel
which, although not conclusive, raises questions bear-
ing uron the pathogenic action of some of the ansero-
bie svecies.

A femele guinesa-pig, injected subcutaneously with
a 2000 mill. emulsion of strain 12 isolsted from the
stool in Case A, (see Table 6) suffered no immediate
toxic effects and remained apparently well for nearly
four months. It then dropped & small but heelthy pig.
Cuite unexpectedly both were found dead a month later,
death having occurred during the night. On examina-
tion the following morning there was no evidence of
injury and both appeared to be in good health. The
- only pathological lesion found on post-mortem in troth
animals was in the colon, the proximel coils of the
large intestines being greatly distended, while in
contrast to this the distal portions were empty and
contracted. The appearances suggested obstruction at
one of the flexures. On opening the distended portions

by cautery they were found to be loaded with soft
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feecal materiel. Both stools were cultured, aerobic
growth yielding only coliforms and sporing tacteris.
The ancerobic tubes however showed, in both,large
numbers of metachromatic diphtheroids almost identical
in cultural and microscopical characteristics to that
innoculsted. In the case of the mofher at least, it
is obvious that the organism, in reaching the colon,
mey have caused marked changes and paresis of the
muscular wall resulting in acute toxaemia and death.
The memmer in which the offspring became infected is
a matter for conjecture. TUnknown to us the mother
wess pregnant when injected}and it is just possible
that infection may have occurred in utero, or, what
is more probeble, from the mother's milk. The fact
that they died simultaneously was most probably
chance, but, on the other hend, there is no doubt as
to the cause of death in both. The main observation
to be made from this experiment is that it suggests
the affinity of this organism for the lower alimentary
canal which it must have reached via the inguinal and
pelvie lymphatices. I have carried out bacteriological
examinations by anaerobic methods in a number of guinea-
pigs both at Wantage Fouse and at Southport,and in none
were anserobic diphtheroids isolated.

To sumrmarise the results, none of the anaerobic
diphtheroid strains proved virulent, while the toxins
from two likewise had no effects. Only one caused
toxic symptoms, and another strain apparently caused

death by toxaemis and marked changes from infection
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of the colon. It is essential to =dd however that my
cultural technique did not, for two reasons, fulfil
the conditions necessary to obtein the maximum produc-
tion of toxin. The fact that suger broth and glucose
agar cultures were used?must have reduced the available
amovnt of toxin, and also the conditions of free aersa-
tion during incubation of the growing broth culture,
which are so essential to toxin produetion, could not
obviously be fulfilled. This latter fact may however
heve an interesting bearing upon the question of toxin
liveration by striet anserobes both growing in culture
and in vivo.

These findings are in esgreement with Ford Xobert-
son's experimentsel work with the bacillus paralyticans
isoleted from cases of general peralysis. Guinea-pigs
were lmmune although some strains were however viru-
lent and toxic to mice. His other experiments, es-
pecially those in which rats were fed with cultures of
the bacillus peralyticans, were very striking, not as
evidence of their toxicity btut as proof that this or-
genism was pathogenic to most of the snimals, symptoms
and morbid changes corresponding to the disease being
reproduced and verified later on histological examina-
tion.

The collective experimental evidence therefore
shows that neither aerobic or anaerobic diphtheroids,
nor those having Klebs-Loffler reactions which are

isolated from mental patients, can produce lethal

quantities of toxin. The fact remains however and it
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hegs not yet been refuted, that under suitable condi-
tions of experiment, some are slowly virulent to rats
and rabbits and produce effects closely related to
nervous and mental disorders leading ultimately to
death.

It is common knowledge that the pathogenic action
of the diphtheria bascillus is dependent unon two fac-
tors, virulence and toxicity, and, although to some
extent always related, it is however the latter that
decides its pathogenic importance in man and in ex-
perimental tests. This criterion has unfortunately
taught medical opinion to believe that the non-viru-
lent B. diphtheriae are only to be regarded as poten-
tial pathogens, and, what is more important, that the
allied diphtheroid species with a few exceptions have
no pathogenic significance. The experience of this
research,and the evidence which has been obtained, lead
me to hold that these views must undergo very consider-
able modification. Ilore suitable methods of cultural
technigue will, I believe, prove that many anaerobic
species of diphtheroid and Klebs-Loffler can produce
small but estimable amounts of exotoxin,although this
must be minimal owing to the fact that oxygen has
little or no part in their metabolism. In other words
they are biochenically incepable of being highly toxic.
Another factor, that of attenuation, may contribute
to a lower level of pethogenicity. It has to be ap-
nreciated however that this factor is partly relative

to artificial conditions of growth and may be a
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misleeding criterion when sssessing pathogenic activity
in vivo where the susceptibility of the individual
pleys en important part. The endotoxic properties of
the B. diphtheriae are known to be distinet from its
exotoxin1but experiments on guinea-pigs by Hewlett in
1912 have shown thet endotoxin can confer a consider-
- able protection against innoculation with living diph-
theria culture. This fact I believe constitutes the
link between the highly exotoxic and reletively non-
toxic groups, eés it is a feature common to both. Un-
fortunately most authorities claim that endotoxic
power 1is of little pathogenic importance. This belief
is contrary to the evidence I have obtained with regard
to the anaerobic species,whose loss of exotoxie action
would apvoear to have greatly enhanced their endotoxic
powers. From my personal experience this statement
receives supprort from a mass of accumulated fact re-
lating to the results of therapeutic immunisation in
mental cases in the study of their focal, systemie, and
specific reactions to the diphtheroid group. Having
e vital bearing upon this problem is the question of
the extent of the focus of infection. It can be
shown that the chief nidus of these anaerobes is the
large intestine, & focus which is incomparably larger
than the confined area of the fauces. Further, ana-
tomically and physiologically the colon has & much
grester potentiality as a chronic focus of infection

from which special toxins can be absorbed. From this
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fact, were the anaerobic diphtheroid group endowed
with similar virulence and toxogenic action as the
epidemic Klebs-Loffler, it is inconceivable that the
economy would survive more then a few hours. That
they are not so is in harmony with their special
toxic effects which will be discussed later. In place
of virulence,we are faced with & sub-lethal poison,
coming from a wide focus end having a specific neuro-
toxic action whose place in time is not to be estimated
in terms of hours, or even weeks, but of years. I firmly
believe that the present views on the non-pathogeniecity
of most of the diphtheroid group is untenable, and
that the snaerobic species of diphtheroids,including
those that have now been ascertained to be Klebhs-Loff-
ler, asre amongst some of the most important etiological
factors in mental disorder and allied states. This
assertion is only mede having duve regard, not only to
the vital importance of the soil, but also to the
situation and extent of the focus of infection.

THE ANAEROBIC LEPTOTHRIX GROUP.

Only four strains have been tested experimentally,
either becterial emulsion or whole suger broths being
used and the amounts varying from 1 cc. to 6 cc. TNo
lethal or toxic effects were noted in the four animals
innoculated by the intraperitoﬁeal route. The same
factors militating against the development of toxicity
enter into fhese experiments however,although it is

. probable that, in keeving with the anaerobic diphtheroid
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group, they are endowed with onl; slight exotoxiec
properties. In spite of this non-toxicity, Ford Rob-
ertson's feeding expreriments on rats with the closely
related snaerobic streptothrices isolated from the
intestine, show very definitely that they are sub-
virulent and pathogenie, producing severe morbiad
changes of a character which ally them very closely

to the anserobic diphtheroids in their toxic action.
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YIII. ANATYSIS OF THEE AEROBIC AND ANAEROBIC BACTERIO-

LOGICAL FLORA OF THE MINOE AND MAJOR FOCI IN THE FOUR

CASE GROUES.

In order to ascertain the significance of the
bacteriological findings in the large number of cases
under review, it has been necessary to resort to a
number of tabkles which will I hope form a sufficient-
ly clear explanation of the facts they are intended
to convey. VWith regard to assessment of the bacterial
flora, any method of estimation in numerical terms is
open to a certain amount of fallaecy. In this research
experience ohtained from culturing fresh samples of
the stool at intervals of a day or so in the same
cases, shoved that, within certain limits, variations
in the numbers of bacterial species almost always
.oceur,although each may be consistently present. It
was therefore obvious that any very exact method of
enuneration was unnecessary so long as the total
value of the cultures was constant and the method of
innoculation uniform. The terms in signs of plus and
plus-over-minus have been adopted, these addirg up to
the maximum figure of eight'plus in any one culture.
In the case of anaerobic cultures where three tubes
are used, the flors of each is assessed and the aver-
sge taken. The maximum figure of eight was chosen in
order to allow for adequate expression where a large
number of species were found. The following scheme

shows the divisions and the relstion of the numerical

values to the terms expressing the degree of infection;
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approximate figures in percentage of the maximum cul-
ture are also given for those who may be accustomed

to assess cultural flora by this method.

Estimation of One Bacterial Group.

! and 1+ = Mild infection. 204

13+ to 3+ = lloderate to moderately
severe infection. 40%

3%+ to 6+ = Severe to very severe infection. 80%

Estimation of Two Combined Bacterisl Groups.

L to 2+ = Mild to moderate infeétion. 25%
2%+ to 4+ - lioderate to severe infection. 50%
43+ to 6+ = Severe to very severe infection. 75%
6%+ to 8+ = Exceptionally severe infection. 100%

In practise this method has worked satisfactorily
and provides a means of estimating the cultural flora,
which, while easily cerried out, determines I believe
with sufficient accuracy the numbers of bacteria in
any focus.

THE MINOR AND MAJOR FOCI OF INFECTION AND THEIR RETLA-

TION TO EACH OTHER. The term minor foei of infec-

tion has mainly an anatomical significance and does
not imply that such are necegsarily relatively less

important as pathogenic entities. The large and
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small intestine have been cslled the major foel in
distinction to more circumscribed regions such ss the
tonsils, teeth, ete. for which see Table 8. This
erbitrary division has been made with the purnose of
conveying a clear impression of the vathological re-
laticnship of one focus to another, and is the logical
outcome of much systematic bacteriological research
in the tracing of infection from one focal source to
another. Oral sepsis, which, broadly speaking, in-
cludes tonsils, antra, sinuses, ete., in relation to
the development of infective cranial lesions, has been
the subject of a noteworthy piece of research by Rey-
nolds. In the pathology of mental diseases htacterial
disseminstion in the opposite direction has received
however relatively little attention. The researches
of Ford lobertson and McRae (Biblio. 8 - 17) in gen-
eral paralysis form one of the first contritutions
on this subject. During the past four years my efforts
have been concentrated upon tracing the paths of bac-
terial spread from oral sources to the large intestine.
Eetween the two foeil is the stomach whose mucous mem-
brane may become the site of severe accumulative in-
fection from the mouth. The bearing that lesions of
.this organ.may have upon the state of the intestine
has been studied in 116 mental cases with & view to
ascertaining the relationship.

I have found that even severe infection of the
stomach such as occurs especially in achylics and
achlorhydrics, although often more severe than that

existing in the mouth which has frequently been
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relieved of its sepsis, does not seem to increase the
incidence of bacterial invesion of the large intes-
tine. There is only one exception to this in my ex-
perience and this relates to the severe secondary and
pernicious anesemias. The next fact elucidated has an
important bearing upon the appreciation of how focal
infections may reach the lower bowel. It was found
that, in spite of the strong bactericidal action of
the high acid content in hyperchlorhydrics, that the
incidence of orsl streptococei, and in some cases an-
aerobic organisms, was much higher than in the anacid
groups. There seems to be only one logical explana-
tion for this; that oral infection, to reach the in-
testine in these cases, must travel vie the lymphatics
of the medisstinum and mesentery. Blood-borne infec-
tion is probably less frequent but is instanced in the
producticn of gastric and duodenal ulcer,which devel-
opes &as & natural result of the highly autolytic
qualities of the gastric secretion. Dissemination of
infection via the lymphatics has long been recognised
as the common pathway of tubercle, the early apprecia-
tion of which has been due to the readily identified
morbid changes in the glands end the peculiar staining
qualities of the tubercle bacillus. With other bac-
teria however, evidence of this nature is much harder
to obtain snd it has been necessary to build up a
similar hypothesis by less direct methods of research.
In spite of these difficulties the observations of
others as well as myself leave little doubt I believe
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that pathogenic bacteria of the more common type take
exactly the same pathways and can te disseminated
throughout the body. If this is true of physiecal
diseases,experience leads me to telieve that in men-
tel disorders it has an emplified significence, for,
in addition to providing s chesnnel for the well recog-
nised aerobes, the special typve of bacterias peculiar
to iﬁsanity,by taking the same paths,K are enabled to
reach the intestine which from all the evidence ob-
tained,is especially suited to their growth. Three
other sites of focal infection, though occurring less
frequently, may however tske precedence.

The first are the brain, spinal cord and mem-
brsnes. Ford Robertson snd McRae (Biblio. 8 and 19)
have shown that in genersl paralysis diphtheroid
bacilli can be grown from the brain and cerebro-spinal
flvid. Xy own observations in the same disease show
the presence of living anaerobic diphtheroids in four
out of six cases. In other mental states similer or-
ganisms were isolated in three out of seventeen cases.
One was & well-defined post encephalitic and the
others possessed symptoms suggestive of this condition.
While much research is recuired to determine the exact
pathogenic importance of these attenuated and ansero-
bie bacteria, the fact remains that they do exist and
cannot be regarded as contaminations.

The second fo6i to be referred to are the uterus
ahd adenexa. Their close anatomical relationship to

the colon and constant state of physiological activity
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render them a peculiarly vulnerable and suitable nidus.
Ford Robertson's bacteriological resesrches (Biblio.
17 end 24) in general parslysis and in cases of neuras-
thenia show the prevalence of their infection bty the
anaercbic diphtheroid group. Iy own observations &are
limited,but two cases, both young virgins whose mental
state was greatly exsccerbated by the onset of the
menses, proved to have severe infection of the endocer-
vix. This was almost exelusively enserotbic and,when
compared with their intestinal flora, was virtually a
reflection. I cite these two cases since the only
possible paths of infection were éither vis the lym-
phatices or the blood stream.

The third foci are the sinuses. Only one case of
sphenoidal infection has come under my observation, but
there is no doubt that the draining of the one involved
led to rapid disappesrance of the physical signs and
symptoms, and complete recovery mentally. An aerotiec
and anserobic diphtheroid formed the main infective
factor in the sinus.

CULTURAL EVIDENCE OF SPREAD FROM MINOR TO MAJOR FOCI

OF THE ANAEROBIC DIPHTEERQID AND TLEPTOTHREIX GROUT.

Obteining evidence of spread of the strict an-
aerobes is much more difficult than with the strepto-
coceal group. This is partly due to attenustion in
the minor and original focus, and also to the fact
that in the course of years the bacteria may be elimi-

nated. In four cases however, enaerobic diphtheroids
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have been isolated from the debris in the tonsiller
crypts, the infection being severe in one, and in
another two species teing present, one a facultative
anaerobe. In the throat the organism was sparce.
Examination of the intestinal flora at the same time
showed in each case morphologically identical organisms
growing as strict anaerobes. In all four cases they
were present in large numbers, end were relatively much
more vigorous than in the originel focus. Further ob-
servalions in two cases showed that, while treatment
eradicated the organism from the tonsillar focus, it
was possible only to modify the dégree of infection
in the intestine. The enucleation of tonsils or the
extraction of teeth, helpful as it may be in relieving
the economy of the initial source of infeetion, is, in
the majority of mental patients; like pulling up a weed
long after the seeds have been scattered in the sur-
rounding soil. Exemination of the tables will show
how the colon,and possibly the small intestine, form
the final and by far the most severe and extensive
focus of infection for the anserobic diphtheroid and
leptothrix groups of becteria. TFurther, the method of
spread suggested by clinical and therapeutic observa-
tions indicate that these infections are deeply seated,
being sub-mucous, lymphatic, and possibly lacteal.

Anserobic diphtheroid infection of the teeth
likewise exists, but not to the same extent as in the
tonsils. Granulomas have been found to contain similar
bacteria and in one instance the organism was traced to

the intestine.
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Efforts to identify the anaerobic leptothrix
group in the minor foci, especially the tonsils and
teeth,have not been so successful. No cultural
growths heve been obtained from the tonsils but evi-
dence of another kind hes been available. In smears
of the cheesey debris from tonsils, long filaments
which are definitely metachromatic have been observed.
Except for being thicker, these are very similar to the
metachromatic filaments of the group 1 anaerobic lepto-
thrix found in the intestine.

From teeth and gums however, hoth aerobic and an-
aerobic species have been isolated in culture, but none
of them belong to the delicate,strietly anaerobie,
group 1 type. It is probsble that group 1 organisms
do exist in both tonsils and teeth but are too attenua-
ted to be cultivated. The fact however that they are
relatively easily isolated from the intestine is fur-
ther vroof of the suitability of the conditions of
srowth there.

One other cquestion deserves consideration here.

It may well te asked, how and when do these minor focal
conditions originate, and what is their relationship
to the development and onset of physical and mental
illness? The answer to the first question is prob-
lematical and its study would involve bacteriological
research from birth to the grave. From evidence I

have obtained that anaerobic species of the Klebs-
Loffler bacillus do exist, it is reasonable to suspect,

amongst many instaences thet might be cited, that in
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the course of diphtherias epidemics, whether those in-
fected take the disease or not, the bacillus finds in
some of those that become carriers a suitable soil in
which to become firmly entrenched, taking on anaero-
tie harit of growth. The subseacuent course of events
nmust be dependent upon numerous agencies, some of which
are largely beyond control. The factor of inherent
somatic immunity in determining the varying degrees
of resistance or susceptibility of one system and
another in each one of us, must play a part in deciding
the ultimate fate and distribution of anaerobic infec-
tion. In some, dissemination by the lymphatic paths
will proceed until major focal infection is estab-
lished. The age period at which initisl invasion
occurs is mainly circumstential but I believe may
pertly determine, in psychopathiec individuals’the
physiologicel epoch at which physical breskdown and
mental disorder eventuates. To cite what may be ex-
treme exemples of early mejor infection and its re-
sults, I have on record two children of about 3 ;ears
of age, both acutely ill and toxie, One, if its men-
tality had been adult, would I believe have been re-
cognised as being mentally ill; +this case had, apart
from other organisms, severe anaerobic diphtheroid
' infection. 1In the other case large numbers of anaero-
Ibic leptothrix were isolated. DBoth children died
without ﬁ definite diagnosis of their condition being
mede. The facts just mentioned are I believe closely

related to the development and onset of mental illness,
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to which it is hardly necessary to add the well-known,
mainly precipitating csuse, the effect of enviromnment
upon the psychic mechanism. It is unfortunate, in the
light of our present knowledge, that so much stress is
freguently laid upon this as being definitely and

wholly etiological to so many mental disorders.
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TABLE 8.
THE INCIDENCE OF AERCBIC AND ANAXROBIC DIPHTHERCID ANI

LEPTOTHRIX INFECTION IN THE MINOR FOCI. GROUP 1 CASES.,

pUie T Angera= "."E‘TITO‘E"TC:"’ LIl ero-
Diph- bie Lepto- bie
theroids |[Diphth. |thrisx, Leptos
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Total 207 3% 50 7 6
Foeci (15.4%) gzaz.;agz) ( 3.2%) J( 1.9%)

Intestinal
Total and 145 (16.5%) [(88.8%) [( 6.2%) |(58.2%)
Percentage
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TABLE 9. |

THE INCIDENCE OF AEROBIC AND ANAEROBIC DIPHTHEROID AND

| i |
| LEPTOTHRIX INFECTION IN THE MINOR FOCI. GROUP 2 CASES.

—T Leroblqg ANGero-= | Aerobic | ANEero-
Voe 1l |Number' | Diph- bie .| Lepto- | ©biec
Site. |of ¥oei. theroid Diphth. thrix. Lepto.

| Tonsil 4 - 1 - -

Dental 5] il S = =)

| R —— T T e el T T T T R e

—
3=

1]
i}
il
W

Intestinal
Total and 22 (13.6%) | (81.8%) | (13.6%) | (56.3%)
|Percentagce

TABLE 10. GROUP & CASES.

= 2 = 2

o

[Tonsil

Dental 1 - - - -

et

Stomach 4 - - - -
Res.Juice

Urine 2 - 1 - -

Totals 52 0} a ' 0 0

Intestinal
Total and &o ( 4.5%) 1 (90.9%) |( 0.0%) |(63.6%)
Percentage
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ANATYSIS AND DISCUSSION OF THE TABLES. Table 8 has

been compiled to show, in group 1 cases, the incidence
of the aerobic and anaerobic diphtheroid and lepto-
thrix group in the minor foei of infection. VWith re-
gard to the focal sites, it will be seen that the ton-
sil, with 40% carries the highest occurrence of anaero-
bic diphtheroids and the teeth, with nearly 30%, are
next in order. In association with oral sepsis it
will be noticed that the stomach as a focus of infec-
tion,harbours 1%2.4%. The figure of 24.0% for the
total minor foceci forms a contrast to the 88.0% occur-
rence in the major focus, a finding whiech is in com-
mon with the anaerobic leptothrix group. In twenty-
two cases the cerebro-spinal fluid is striking in
heving the high figure of 31.8% of anaerobic diph-
theroids, the seven cases including four, out of six
cases of general paralysis examined.

The aerobic diphtheroid prevalence is highest in
the teeth,if one excludes the percentages of the nose
and cervix, their numbers being too small to be very
accurate. Comparison between the major and minor foei
shows the incidence to be about equeal.

The aerobic and anaerobic leptothrix group shows
8 relatively small incidence of not more than 6.8% in
any one of the three foci infected.

In contrasting the two anaerobie groups and their
oceurrence in the minor and major foei, it will be seen
thaet in the latter the diphtheroids are 64% in excess
and the leptothrices 56.3%. These contrasting figures

will be found at the bottom of Table 8, and prove
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' eonclusively how much more important the intestinal i
|

| focus is to these two groups as a nidus of infection.

Tables 9 and 10 are similar to 8 but illustrate

| the same features in case groups 2 and

TABLE 11.

[

L= 2

| INCIDENCE OF INTESTINAL ANAEROBIC DIPHTHEROID INFEC-

TION ON ADMISSION IN THE FOUR CASE GROUPS.

cROUP |oasps [FMMBERS . IN TERMS _OF PIUS  SIENS. |
None L4 2+ _ 3+ 4+ 6+
T [ 7 S 12 32 45 20 19 |
11.7%| 8.2%| 22.1% | 31.0% |13.8% | 13.1%
5. 22 4 3 6 2 4 3
18.2% | 13.6%| 27.3% | 9.1# [18.2% | 13.6% |
I % 22 2 0 5 8 5
| 9.1% 22.0% | 36.4% |22.7% | 9.1%
|
ToTAT.| 189 | 23 15 4% 55 29 24 |
|
COMBINED s Lumeielt 2 |
erp.4| 261 [ 136 72 28 19 6 Bk
|PERCEFTAGES
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Table 11 illustrates the incidence on admission of
anaerobic diphtheroid infection in the major focus in
the four case groups. A summary of the teble will
serve to contrast the great difference between the
first three case grours and the controls. Ieference
to the scheme at the beginning of this section will
indicate the relationship of the plus signs to the

terms mild, moderate and severe infection.

lModerate to

Yoderately Severe to Total
None lila Severe Very Severe Infected
Groups 1
2 and 3 12.2% 7.9% 51.9% 284.1% 87 4 8%
Combined
Controls g o
Group 4 52.0% 27.6% 18.0% 24 B% 47 ,9%

These percentages show that mental cases and the
two allied groups have a strikingly greater diphtheroid
infection,both in severity and numbers of cases affec-
ted. It will te seen that the mental groups have vir-
tually\40% more patients bearing infection than the
controls, and this difference is in reality greater
as fully half the céses on subsecuent examination
proved to have large numbers of diphtheroid and lert-
thrix organisms, the percentsge showing an absence of
this flora approaching about 5% in place of 12%.
Teking the lower figure of 5% as teing nearer to the
real facts, approximately 13% of the mental groups

have either mild or no diphtheroid infection, whereas

80.0% of the controls come under this category.
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Forming 2 great contrast to this, 80.0% of the mentel
group have moderate to very severe infection against
the controls' 20.3%. Here it is worth mentioning what
physical diseases are most common amongst the control
cases having moderate to moderately severe diphtheroid
infection. These form 18.0% of the cases. and a diag-

nosis has been ascertained in 32 ont of the 47 patients.

Gene?&l debility with intestinal
disorders, constipstion in some
Gastro-intestinal disorder
Lsthma
Fheumatism
Diabetes
Colitis, severe
Recurrent catarrh
Leute lymphatic leukaemia
(Child of 3 years)
Pernicious anaemia
llegraine, severe
Feruneculosis
Irltis
Psoriasis

&
[N|HHHPHH SRS RSN

Six controls, or 2.5%,had severe or Very severe
infection end in these the diagnosis was as follows;-

Fheumetism with colitis

Lcute lymphatic leuvkaemisa
(Child of 10 years)

flalignant endocarditis

Ill-defined nerve disorder
(Wassermann C.S.F. negative)

Graves' disease, severe

b s

It will be seen that in the thirty-two cases
twelve were suffering from chronic gastro-intestinal
disorders including colitis. In five of these general
debility was a definite feature. The asthma cases

are interesting in thet I have found a-‘definite
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' relationship between their symptoms and intestinal

| findings, in the number who came under my care for

| vaceine treatment.

From my observations of focal

- reactions,it was strongly suggested that the asth-

matic condition was frequently & peculiar manifesta-

tion of neurotoxic action.
Three out of the six cases with severe infection

were acutely ill,

conditions of the colon.

two having obviously inflammatory

The relationship between

the diseases and the presence of the infection is

obscure except perhaps in the case of Graves' disease

TABLE 12.

INCIDENCE OF INTESTINAL ANAEROBIC LEPTOTHRIX INFEC -

TION ON ADMISSION IN THE FOUR CASE GROUPS.

-

GROUP | CASES NUMBERES IN TERMS OF PILUS SIGNS.
None 1+ 2+ B+ 4+ 6+
il 145 60 26 35 18 b 1
41.8% | 17.9% | 24.5% | 12.4% Je0% 0.7%
2 22 14 2 4 L sk 0
63.7% 9.1% [ 18.2% 4,5% 4,5%
3 ) 8 5 4 4 1 0
26.4% | 22.7% | 18.2% | 18.2% 4.,5%
TOTAL| 189 82 353 43 ) 7 11
COMBINED 43.4% | 17.5% | 22.8% | 12.1% BeT% 0.5%
PERCENTAGES
GRP. 4 261 20 13 7 4 0 0
|
PERCENTAGES || 90.8% 4,9% 2. 7% 1.6%
GROUP 4
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Teble 12 shows the same facts for the snaerobie
leptothrix group. A summsry of the table will illus-

trate the selient points.

Loderate to

lloderately Severe to Total
None ¥Mild Severe Very Severe Infected
Groups 1
2 and 3 43.4% 17.5% 24.9% 4,2% 59.6%
combined
Controls a, > A .
G'_‘r_‘oup 4 90.8% 7-6[0 106/") (:)o\.)/6 9.2?‘9

The general incidence of infection is lower than
for the aneerobic diphtheroids but the contrast be-
tween the cont:rol and mentsal groups is even greater.
The occurrence of infection is approximately 50.0%
greater in the mental groups. In them 60.9% have
either absent or mild infection as against 98.4% in
the controls. The mental group also have approximate-
ly 40% with moderate to very severe infection, in dis-
tinetion to the 1.6% in the controls. It would thus
appear that anaerobic leptothrix infection is compara-
tively rare in rphysical diseases.

Of the eleven controls with anaerobic leptothrix
infection the diagnosis was obtained in nine and these
ere as follows;-

Fheumatism,sub-acute

Chronic debility with gastro-intestinal

disorder

Fheumstism with gastro-intestinsl disorder

Lsthma

Gestro-intestinal disorder

Psoriasis, severe
Lymphatic leukeaemisa

Y S VI )

o |
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It will be noticed that gastro-intestinal disor- |

der again claims the largest number of ceses. In this |

ieonnection I may mention that in most of the cases’the

Idiagnosis was given by the physician in charge.

The subseqguent tables deal with case groups 1, 2;

Iand 3 only, and have been given to show the differences
|in numbers and character of the intestinal flora in

the three groups.

| TABLE 13.

| INCIDENCE OF COMBINED INTESTINAL ANAEROBIC DIPHTHEROTI
| AND LEPTOTHRIX INFECTION ON ADMISSION IN TEE FIRST
| THREE CASE GROUPS.

| ONE
| GROUES NONE| TYPE| 2+ | 4+ | 6+ | 8+ | TOTALS
| ONLY _ | AND 2|
Group 1 10 | 55 &t @l az | dee |
6.9% 3795 | 2.7%|15.9%)|28.3%| 8.3%| 55.2%
Group 2 s | 14 0 2 2 2 6
9.1%|63. 6% 9.1%| 9.1%| 9.1%| 27.2%
Group 3 1 9 0 o 9 0 12
4.56|41.06|  |13.5%|41.0%] 54, 5%

| Table 13 illustrates the incidence on asdmission
|of combined anaerobic diphtheroid and leptothrix infec-
tions. Case groups 1 and 3 have approximately the
same percentage, 55%, whereas case group 2 has less

than half, 27.2% although possessing a higher percent-

age of diphtheroid infection alone. In group 1 ten

cases, or 6.9%, showed on admission an absence of an-:

aerobie flora,although further investigation in eightE
|
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of these proved that in five either one or other type
of organism was present in moderate or very large num-
ters. This brings the cases not exhibiting such in-
fections as low as five out of one hundred and forty-
five, or approximately 3.5%#. Two cases were not re-
examined and only two remained consistently negative.
This finding illustrates the importance of not relying
upon a negetive result from one sample, &8 experience
quite definitely proves thet the numbers of anaerobes
tend to increese in newly admitted cases as & result
of treatment to the colon and focal reactions to vac-
cine therapy. This would lend further support to the
view that these infections are deeply seated and are
often only revesled when reparative processes are
stimulated. One other fact to be deducted is theat
groun 2 cases more frequently tend to have single in-

fections on admission, showing 63.6% of the total.
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14.

TABLE

INCIDENCE OF INTESTINAT ANAEROBIC DIPHTHEROID INFEC-

TION WHERE LEPTOTHRIX IS ABSENT.

1
GROUPS 1+ 2+ B+ 4+ 6+ TOTAL
AND %
Group 1 6" 10 16 6 10 48 |
12.5%| 20.8%| 33.4%) 12.5% | 20.8% |87.3% |
‘Group 2 " 3 4 3 2 2 12 '
25.0%| 33.3%| 8.3%| 16.7% | 16.7% |85.7%
Group 3 0 3 i 2 1 7
42.8%| 14.2%| 28.6% | 14.3% | 77.7%
| TABLE 15.

!INCIDENCE OF INTESTINAL ANAEROBIC LEPTOTHRIX INFEC-

TION WHERE DIPHTHEROID IS ABSENT.

GROUPS “_1+ 2+ %+ 4+ 6+. | TOTAL
' AND %

| Group 1 2 4 1 0 0 7
28:6% 57.1%| 14.7% 12, 7%

Group 2 0 1 1 0 0 2
14, 3%

Group 3 il ak 0 0 0 2
22.3%

Tables 14 and 15 are given to

as a single infection.

age in Table 14.

of either anserobicec diphtheroid or
It will Ye

the tables how very much higher is

show

the incidence |

leptothrix baeilli
noticed on comparin

the total percent-

g
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TABLE 16.

DIPHTHEROID INFECTION.

| INCIDENCE OF NUNBERS OF TYPES OF INTESTINAL ANAEROBIC |

MORE
GROURS CASES |ONE TWO THEEE| FOUR THAN
TYPE TYPES | TYPES| TYPES| ONE TYPE
|
Group 1 128 67 56 3 2 61
52.1% | 43.9% 2e4% 1.6% 47,9%
Group 2 18 11 6 0 1 7
6l.1% | 33.3% 5.5% 38.8%
Group 3 20 i B 8 1 0 9
55.0% | 40.0% 5. 0% 45.0%
TABLE 17. !

iIHCIDENCE OF NUMBERS OF TYPES OF INTESTINAL ANAEROBIC:

LEPTOTHRIX INFECTION.

|

e

I GROUPS CASES ONE TYPE TWO TYPES
Group 1 84 72 12
] 85, 7% 14.3%
| Group 2 7 1
{l 87.5% 12.5% |
Group 3 14 10 4 ,
71 .4% 28.6% 4

one culture.

bie leptothrix group.

been isolated from a few cases.

*

Table 16 gives an illustration of the incidence
of numerous types of anaserobic diphtheroid species in
In groups 1 and 3 approximately 46%

have more than one type,and as many as four types have

Table 17 is to show the seme facts in the ansero-
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In the control cases the cuestion of streptococcal
infection has not been minutely assessed with regsrd
to incidence, so that strict contrast between them and
the other groups cannot be made. From the records
avelleble however, it is a fair computation to say that
a large percentage presented varying degrees of either
excessive colon streptococci,or lesser numbers of types
quite distinctive and usvally associated with oral sep-
sis. This latter especislly applies to the severe
anaemias and rheumatic cases, of which there were a
large number. The occurrence of aerobtic normal and
abnormal streptococcal types in groups 1, 2, and 3
haes been studied in an attempt to trace them from oral
and other sources to the intestine. Broadly speaking
I believe their incidence runs fsirly parallel with
the control cases, except for the maniec and manic-
depressive psychoses which have & higher incidence.
In reference to this last fact I have strong grounds
for believing thet in these two forms of insanity
there is & relationship between streptococcal toxaemia
and the manic type of reaction, and conversely, &
predominating diphtheroid and leptothrix infection
just preceeding and during the exhausted or depressive
phase.

The following summery will show the occurrence
and relative degrees of the streptococcal infection

in the three mental groups.
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l.oderate to

lloderately Severe to Total
None  1iild Severe Very Severe Infected
Group 1 11.7% 14.0% 48.8% 25.5% 88. 3%
Group 2 18.2% 8.9% 50.2% 22.7% 81l.8%
Group 3 0.0% 25.4% 51.9% 22.7% 100.0%

It will be seen that the three groups are more or
less parallel. In group 1 25.7% have either mild or
no streptococcal infection,while 74.3% have either
moderate or very severe invesion.

The following epitome of Teble 13 will serve to
contrast the differences on admission in the incidence
of intestinel infection by the two anaerobic groups,

in mental, borderland and neurotoxic cases.

One Exces-
Type i#ild to lloderate Severe to sively
None Only Moderate to Severe V.Severe Severe

Group 1 6.9% 37.9% 2.7% 15.9% 28.3% 8. 3%
Group 2 9.1% 63.6% - 9.1% 9.1% 9.1%
Group 3 4.5% 41.0% - 13.5% 41.0% -

It will be noticed that groups 1 and 3 are almost
identiecal in total incidence,but that group 3 cases
tend to have a higher rercentage carrying severe to
very severe infection; none however are in the excep-
tionally severe category,of which group 1 have 8.3%
of ceses. Group 2 form a contrast in that more then
half, 63.6%, have only one type of orgaenism,and that

there is a higher percentage with atsence of hoth



187
species. The degree of infection in the groun is
noticably less marked, the other tables, especially
Tables 11 and 12, bearing this out. This finding,as
already stated, has a relationship to the many differ-
ences, ps:chological, physiological, and pathologiecal,
between the cases forming groups 2 and 3. The former
are very much more inherently psychopathic both in
their reactions to environment?and to physical disor-
ders1of which, among many factors, neurotoxic infec-
tion is one. While it is true that those in this
group present & wide range of psychic abnormality and
some ultimately go over the borders of ssnity, I be-
lieve it is also in keeping with known facts that the
defensive,introspectivejcharacter of the mental reac-
tions so common iﬁ this group, are in themselves a pro-
tection in that they avoid the stress and strain of
life much more than the majority of cases in group 3.
Thus it would seem reasonable to submit that group 3
cases, because of this greater resistance capacity of
the nervous system as a whole, can combat a much greater
load of neurotoxic poison without menifesting the
psychic disturbances common to group 2. Warning of
impending breakdown of the mental processes is comnmon
in many, the symptoms of which I have described in
section III of this paper,but it is all too common
unfortunately for these patients to be reassured that
they must cerry on and all will be well. Their mental
capacity and driving power enables them to do so,but
in many the breaking- point is reached 'and may be

precinitated by some serious environmental psychie or
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physical stress and strain. The ultimate breakdown
of the whole economy, I maintain, is thus much more
| serious when occurring in group 3 cases than in group
Zsand the prognosis consecuently less favourable for
comnlete recovery. The circumstances I have described
leading up to the onset of mental disorder in this
former group are very common in the history of many
chronic group 1 patients. Xealisation of the impor-
tance of the prodromal mental symptoms of group 3
cases, combined with an appreciation of the underlying
morbid physical and toxic processes at work, and the
immediate application of the general principles of
medicine, would without doubt greatly reduce the num-
ber of those who, at present,are destined to become a
burden to the community.

In judging the incidence of infection in the
seven sub-groups of group 1 cases,(see Table 2) the
number of cases in each are not sufficiently large to
make satisfactory comparison. One fact however stands
out clearly, that there is no apparent differentiation
of incidence in those that are classified in the so-
called functional group,and those that are not.

Tedious as tables and figures are,lI think they
have served to show sufficiently strikingly the great
difference of the cultural flors in mental and non-
mental patients, and that anserobic methods are essen-
tisl in the recognition of this fact. With such evi-
‘dence it is impossible for even the most sceptical to
say their occurrence is mere chance, tﬁe nunbers in

each group preclude this criticism. The predominance
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of these special bacteriological factors in mental
disorder and allied states must, I believe, have a
particular significance in etiology, especially when
it is realised that, to these anserobic infections,
there is frequently superadded a streptococcal flora
sueh as is found contributing to pathological condi-
tions in control cases. Arising out of this snaero-
bie infection there is, I believe, & special type of
toxin which,in 1ts specific effects materially alters
the character of the morbid reactions to the resulting
disease processes, for,in contrast to the controls,
these are not manifested by the average mental patient.
The vital importance of this faet will be referred to

later.
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IX. NEUROTOXINS AND NEUROTOXIC ACTIQN.

The term neurotoxin or nerve poison has been re-
cognised by psychiatrists for many years, having been
mainly applied to the_group of toxic or infective psy-
choses in whom the physical condition end mental dis-
turbances are more intimately associated. It is well
known that such conditions as typhoid, malaria, in-
flvenza, snd pneumonia can occasionally produce men-
tal disorders superadded to the physical disease, with
the exception of a systematised delusional state.
suech cases form & valuable link with general medicine,
and are particularly worthy of further study, especial-
ly in relation to their haematological and biochemical
changes and the toxic processes at work, as affording
an insight into the pathogenesis of allied mental dis-
orders erising without obvious cause.

The nature of bacterial toxins, including those
of the extra-cellular type, hag not yet been fully
ascertained, and their action in the development of
toxeaemia and immunity processes is only partially
understood. On this account any attempt to formulate
a hypothesis directly bearing on the subject of neuro-
toxaemia, in relation to the anaerobic bacteria under
consideration, must in some respects be tentative,
much research being required before the numerous pro-
blems are fully understood. In the following pages I
have attempted to correlate from literature some

clinical, bacteriological, histologicgl and other facts,



141.
some well esteblished and others perhaps speculative
which have & bearing directly or indirectly upon the
subject of neurotoxins and neurotoxic action in rela-
tion to insenity, and to see in what way they link up
with'the evidence established in this thesis.

In spite of our rather limited knowledge I think
it is worth while to enquire into and draw comparisons
between the action of two mown neurotoxins, and to see
whether their effects in man and experimental animals
have an analogy in the action of the anaerobes, which,
from all the evidence produced, would appear to be
very closely associated with the etiology of mental
disorders. Thus it is necessary to refer briefly to
the specific neurotoxin of the anaerobi, B, tetanus,
which, 1ike B. diphtheriae, produces an éxtra—cellular
toxin of high potency, According to Sidney artin's
classification, its poison, unlilke that of the diph-
theris bacillus, is & secretion of the bacillary‘
bodies per se, which, in broth culture, is formed,
according to Brieger, of two basic bodies which he
has termed "Tetanine" and "Tetano toxin". The former
produces tetanic symptoms in mice, the latter only
tremor, paralysis, and convulsions. Sidney llartin has
extracted an albumose from the blood of a patient
suffering from tetanus, which, when injected into an
animal, produced & depression of tempersture followed
by progressive wasting. It will be seen that this part
of the exotoxin, having combined with the tissues of
the body, has no power to cause tetanus but nevertheless

‘remains neurotoxic. Although differing in many respects
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from the diphtheria toxin in its chemical constitution,
nevertheless bodies are formed anelogous to the toxoids
of diphtheria toxin.

In distinetion to the primary toxin of B. tetanus,
the bacillus of diphtheria, according to Martin, pro-
duces an exotoxin secreted by the body of the bacillus
which is only formed after the digestion and destruc-
tion of protein. Brieger and Frankel isolated in
broth culture an albumose protein substance termed
"tox-albumen" which is destroyed by a heat of 60°C
but not at 50°C even with excessive acid. EHence they
considered that probably it is not an enzyme. Warden,
Comnell, and Holly suggest that the toxin is a par-
ticular fatty acid in a peculiar emulsoid or.colloid
form. An artificial substance of this nature is toxiec
to a guinea-pig, reproducing the lesions of diphtheria
toxin, eand is neutralised by anti-toxin. Extracts of
diphtheritic membrane contain only traces of albumose
and the organic acid. The former, when injected sub-
cutaneously, oroduced odema and irregular temperature;
in larger doses, depression of temperature with paraly-
sis and coma. Small multiple sub-lethal doses gave
rise to similar but less marked symptoms, followed by
weakness and less of weight. The organic acid is
' also a nerve poison but is not so toxic as the albumose.
From the evidence so far obtained there are grounds
for believing that the toxicec substance, which Martin
suggests is probably in the nature of a ferment, and

whieh forms but a very small fraction ef the toxin
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developed in the broth culture, is the primery secre-
tory product of the bacillus. This, by digestion and
destruction of protein in culture and presumebly in
the tissues, forms twc bodies,the more potent of whieh,
as a neurotoxin,is the albumose form. The analogy of
this is seen with the tetanus toxin which is recognised
28 being a primary secretion but which nevertheless
forms an albumose in the body tissues.

In broth culture the orimary toxin or ferment of
the diphtherias bacillus combines with the protein
of the medie in much the same way as must occur in the
tissues. It is known that a tox-albumen is developed
in Yroth which, when newly formed, is highly poisonous
and the lethal factor of virulence tests. What subse-
quently occurs in broths kept for some time has I be-
lieve a direct parallel, in spite of somewhat different
conditions, in the more complex processes that result
in the tissues when the primary toxin reaches them,
The gradual loss of high toxieity of broth cultures
is regarded as being due to the instability of the
toxin, other substeances being formed which are compara-
tively non-toxic and which vary in amount in different
broths. These substances are known as toxoids and
toxonq end combine in varying degree with anti-toxin,
the toxone being specific to the primary diphtheria
"ferment" or secretion. It is probable that the devel-
opment of these relatively less toxic elements may
come about by more complete binding with the residual

proteins in the broth, & process which apparently
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requires time. When contact with new protein is made,
especially with anti-toxin which is charged with free
receptors, a combination of the toxic elements takes
place. In fresh broth the toxone however is always
present in greater amount than the toxoids, and,
having less affinity for anti-toxin, the greater part
remains un-neutralised. This combination of neutrsl-
ised toxoids and unaltered toxone, while not being
highly lethal, produces morbid tissue changes and
paralysis, and is therefore to be regarded as neuro-
toxiec.

It has been mentioned previously that & parallel
can be found between the known primary exotoxin of
tetanus and that of diphtheria, in that both produce
tox-albumen in the body tissues. Although the primary
toxins of the two bacteria are materially different
in the character and intensity of their neurotoxic
effect, both, when combined with the protein of the
body, form new poisonous derivatives which are almost
similar chemically and which produce in experimental
animals morbid neurotoxic symptoms which are almost
identical, but which differ widely from those pro-
duced initially. This would point to a definite modi-
fication of their toxin action btoth in degree and
character once the receptors and toxophile groups of
the tissues have combined with the two sides of the
originel toxin. Subsequently however the degree of
toxicity must undergo further modification through

fixation and stabilisation, first in the tissues for
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which it has an affinity, snd later probsbly, in those
for which it has less. This stage Jjust referred to
finds & parallel in that oceurring in broth cultures,
i,e. toxone and toxoid derivatives are formed through
combination of the proteins in the fissues. While
this action is proceeding, with it must run the gradual
formation of anti-toxin, provided conditions are fa-
vourable. As anti-toxins are formed the toxoids com-
bine with them, but the toxones, having less affinity,
are neutralised much more slowly. I believe this
residuum is a much more important neurotoxin than any
of its more lethal precursors from the fagt that it is
considered to exist in fresh broth which necessitates
its longer action on the nerve tissues of the animal,
provided that it is not killed in the first instance
by the more lethal portion of the toxin if present.
is evidence of this view, animals dying from toxin in
48 hrs. rarely suffer from paralysis; on the other
hend, the importance hoth of the time factor and the
necessary toxone is shown by the faet that when guinea-
rigs are given toxin enti-toxin mixtures which contain
more toxone then any other toxic derivative,life is
prolonged beyond 8 - 10 days and paralysis is often
gufficiently severe to be general. The histological
changes in these animals show typical Vallerian degenera-
tion of the myelin sheaths in most of the peripheral

nerves, while the brain and cord are hardly affected.
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Quite analogous to the effects just described but
considerably modified in degree are the experiments
with the tox-albumen derived from the blood and tissues
of the tetanus or diphtheria infected patients. Small
doses in animals produced depression of temperature,
weakness, and loss of weight, & conditio: which, from
ny own clinical observations, is a most common genefal
manifestation of neurotoxic action in mentel patients.

Lastly, to complete the line of discussion, the
experiments of Ford Kobertson on rats and rabbits
infected by feeding with living diphtheroid cultures
from cases of general paralysis of the insane, show
very strikingly how alimentary infection by closely
allied organisms to the Klebs-Loffler can produce
nervous and even mental symptoms with corresponding
morbid changes in the central nervous system. These
experiments are given in the historical review in this
peper. In the results from these animsls we have wiﬁh:!

out doubt the parellel to what is teking place in men- |

tal disorders in man.

To refer for & moment to the action of acute diph-
theria intoxication in humens, 20% of all cases suffen
from varying degrees of paralysis. The lesion is
usually local but may be widespread, affecting even
the spinel cord. The local lesion is an ascending
neuritis, the more extensive morbid changes being
recognised however by some authorities as being a

selective neurotoxic action of the diphtheria toxin.
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If this is the case, it implies that a certain propor-
tion of thosge suffering from acute diphtheria have a
‘neurotoxic susceptibility, which however must be influ-
enced, as in animals, by the composition of the toxin
and the length of time in which it sets. From my own
personal experience of a palatal parslysis, the feaucial
lesion need not necessarily give rise to toxic symp-
toms, or even affect the heart, in order to produce &
local nerve lesion of some severity.

Having referred to the effect of varying degrees
of neurotoxic acticn in animals and man by the known
lethal and sub-lethal toxins of diphtheria and tetanus,
it is necessary to refer again to the train of events
which leads up to what is I believe an entirely analo-
gous process of toxic action in mental patients. The
carrier mechanism in relation to diphtheria has teen
cited as probably forming the initiel chronie focus
in the tonsils or pharynx, and the same applies to
allied diphtheroid infections, which, as with the former,
become anaerobic in habit and undergo further modifica-
tion in their toxic action. Unlike diphtheria, the
tonsils as a focus of infection are in most mental
cases relatively unimportant. It has however been seen
how readily these bacteria find the intestinal nidus,
which, when once established, enables them to exercisé
e greatly enhanced neurotoxic action. Experimental
evidence of a very inteé%ting kind having a direct
bearing on the criticism so often raised that bacteris

found in the stool are rarely pathogenic and can only
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produvce toxaemia by absorbtion of poisons formed out-
side the walls of the gut.is to be found from the ob-
servations on feeding mice and rabbits with virulent
diphtherie toxin. It has been ascertained that even
the ingestion of enormous cuantities of toxin per os
or per rectum has no effect even on susceptible animals.
Iluech investigation has shown theat the digestive fer-
nents, pepsin, trypsin, and papain, exercise a destruc-
tive effect on the toxin, and that frequently, because
of this snd other minor factors, little or no toxin
can be found in the intestinel content. In other words,
diphtheria toxin, if it is to exercise a pathogenic
effect in the alimentary canal, must do so by being
produced within the mucous membrane, which necessitates
the existence of the organism in the tissues. The
method of lymphatic spread already mentioned would
appear to form the ideal attainment of this en@.

Having further esteblished the fact that anaero-
bic diphtheroid and Klebs-ILoffler infection must exist
deep in the tissues of the lower alimentary csasnal, it
is necessary to see how this morbid condition is effec-
tive in producing neurointoxication leading to wide-
spread disturbances of nerve funcection, which, thouvgh
similar in many respects to those induced experimentally,
has meny superadded features. Anaerobie habit of
growth in the diphtheroid and Klebs-Loffler group does
‘not necessarily imply loss of toxicity, vide the tetanus
bacillus, especielly in relation to the production of

neurotoxin; in faet the converse of this can quite
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reasonably be accepted. This tyre of infection how-
ever contributes I believe to the development in large
amount of the special derivatives of toxin, the forma-
tion and neurotoxic action of which has been described.
As hes been suggested, such low-grade diphtheria and
allied toxins are probably chiefly in the nature of
toxones, and to these must be added I believe those
which are even more specifically neurotoxic. and may
be developed as an outcome of abnormal bacterial meta-
bolism. In relation to this it is probable that neuro-
toxic susceptibility and reaction may cause changes in
the tissues of the individual to provide certain sub-
stances especially productive of this abnormal bacterial
metabolism. The analogy can be found in the evidence
of the formation of toxin production in vitro. This
view is quite consistent with the known tendency of
the body to the formation of viecious circles of toxie
action and reaction. A process such as described may
partly account for the tendency to chronicity of men-
tel disorders when once fully established.

One other factor remains to be mentioned, that of
endotoxic production. Although most authorities con-
sider this to be of no pathogenic importance in rela-
tion to the baeillus of divhtheris, such a view can
herdly be maintained here, especially when the size of
the intestinal focus and its ramifications are appre-
ciated. Endotoxic action must, I hold, play an impor-

tant part in pathogenesis but exactly in what manner

hes yet to be ascertained. I have sufficient evidence
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on this point however to convince the most sceptical
of the extraordinary sensitiveness of mental patients
to anserobic diphtheroid vaccines, with exaccerbations
in mental state and aggravation of the menifestations
of underlying physical disorders.

At this point it is necessary to refer bdbriefly
to the production of immunity in comnection with neuro-
toxic action. The amount of toxin absorbed into the
systemic blood stream from the lower alimentary canal
will vary according to the activity of the infection,
the power to produce anti-toxin, and the detoxicatory
action of the liver which lies directly in the path
of the portal ceirculation. This organ has, I believe
on biochemical evidence, a strong protective action
against systemic poisoning, but in mental disorder
this funetion in a large number of cases is either
overwhelmed or very defective. The production of anti-
bodies in this type of intoxication would seem to
oceur relatively slowly, an assertion which is in har-
mony with the immunological evidence on the subject.

Eefore going on to outline the remote effects of
neurotoxic action on the central nervous system, it
is convenient at this juncture to mention some of the
more local nerve lesions that are likely to result
from these special infections. I have referred in the
historical review to evidence, obtained by radiographic
examination, of the frequenecy of morbid conditions of
the colon, and to a less extent of the small intestiney

these are mainly in the nature of spastic or tonic
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conditions associated with enteroptosis in very merked
stasis. Iy observations on a number of patients by
the bismuth meal and barium enema amply confirm the
evidence of others. It appears probable that mentsl
disorder, above all other morbid conditions, is associa-
ted with severe pathological changes, particularly in
the colon, which are in the first instance effect, and
later a contributory cause in establishing a condition
of chronicity. Stacey Wilson (Eef. 10) in his book
Ion "Tonic Hardening of the Colon" presents a detailed
account of this condition and describes its definite
relationship to borderland and mental states. He uses
the term "tonic elastic fixation" for this plastic form
of static activity of the colon. The lesion is usual-
1y localised to the caecum and sigmoid but must be
sought for elsewhere. The liability to severe constipa-
tion and proximel dilatation resulting from the con-
striction is mentioned. Tonic hardening is described
as a reflex nervous phenomenon, dependent, not only on
the amount of stimulus received from sfferent impulses
to the reflex centre in the segment of the cord affec-
ted, but upon the excitability of the centre itself.
Thus the symptoms arising may be expected to vary
according to the state of the central nervous system
at the time. ZEHeferring to the relationship to mental
disorder, the author states that his clinical observa-
tions show conclusively that the abnormal nervous

impulses which are originated from the tonically
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hardened colon segment mey disturb the patient's sense
of well-being and may teke the form of mental depres-
sion, obsessions, phobias, ete., these sometimes being
so severe as to carry the patient to the borderline of
insanity. In other words, the reflex impulses, instead
of seeking the afferent path via the sensory nerve

rountes, may effect direct transmission to the higher

cerebral centres. With regard to etiology the writer
suggests that the agent is a microbie toxin, & view
founded on the results of his treatment. He also
states that auto-intoxication, which is a chemical
agency, is not responsible, and emphasises the point
that tonic hardening is purely a nervous phenomenon,
the ultimate cause of which is something which stimu-
lates nerve endings. I have outlined Stacey Wilson's
views a2s they have I think an importent bearing, not
only on the subject of this thesis, but as expleining
one of the probable nervous mechanisms involved in the
early stages of nervous disorder. His observations on
meny such cases are purely based on the symptomatology
and the study of the abnormal reflex mechanisms in-
volved. Tonic herdening of the colon and the abnormal
paths which stimuli arising out of this condition will
take is illustrative of perverted physiological nerve
function, the psychological importance of which lies
in the fact that the actual cause, which should be

understood as pain, is hidden from the consciousness

of the individual, being translated instesd into
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psychic disturbances without apparent cause. My own
observations on this cuestion in many cases lead me
. to believe that this mechanism exists and is of very
considerable importance, especially psychologically,
as there is no pogsible correlation of cause and
effect by the petient. Tn the light of the facts
presented in this thesis.and from the nature of this
local condition of the colon, it would seem reasonable
to poétulate that this lesion is a specifically neuro-
toxic one with a direct effect on the Aurbach's nerve
plexus which controls the involuntary muscular system
of the intestine. Tor the past two years I have made
careful clinical examination of all cases for this
condition, on sdmission, later, and on discharge, and
100 cases mainly confirm his findings. In 58 of these
the colon, especially the descending iliac and sigmoid
vportion, could be palpated. In marked examples the
gut was very firm and sometimes no thicker then one's
finger, varying in extent from a few inches to about
twelve in extreme cases. In every instance constipa-
tion was persistent and severe, and the motion, in
most, of the "sheep-dropping" type. On admission no
tenderness as a rule could be elicited, but later,
after mental improvement had begun, this was definite-
1y noticeable in most cases. In those recovering men-
tally the condition was found to have either yieldeéd
or improved. The fonicity tends to disappear post-

mortem, but where more or less permanent changes have

occurred, segments of the colon can be seen, very
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much resembling rubber tubing. On section, the ecir-
cular muscular fibres are tightly contracted, and the
mucous membrane rugose. Proximal dilatation above the
constriction is frequently marked.

Of 141 cases admitted, 75% were more or less
severely constipated, the remsinder having fairly regu-
lar actions but frequently being found to have a well-
loaded colon. ‘When the fact is realised that it is in
the splanchnic circulstion that the concentration of
neurotoxins is probably greatest, severe disturbances
of the autonomic nervous system would appear to he
almost ineviteble. There are few patients indeed that
do not manifest disturbances which can be classified
es either vagotonic or sympatheticotonic, although in
gsome, distinction between the two is ill-defined.

“het determines the type of reaction is at present
obscure; it may have a purely physiological basis, or
it may be dependent on the presence of different types
of neurotoxins with selective affinity for the two sys-
tems. Certein observations on the point lead one to
suspect that the latter theory may have some founda-
tion.

Before considering the effects of neurotoxic ac-
tion upon cerebral function and the morbid changes it
may produce, it is necessary to refer briefly to the
protective structures and mechanism that Neture has
evolved to ensure that the vital controlling machine

of the body is isolated as far as possible from other
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tissues. L.Trotter,(Ref. 11) in a paper in 1926, en-
phasised the fact of how Nature has taken infinite
vpains to insulate the brain and nerves from direct
contact with the somatic tissues, and that it is the
maintainance of the integrity of the former that is so
essential to its normal physiological functioning. He
points out that in somatic disease, breaches frequent-
ly occur, and it is only then that the body is warned
of impnending trouble. To cite the best known example,
| in acute visceral disease.the action of the reflex arc
mechanism centred in the segments of the cord,and the
‘extension of this process to the besal genglis, and
hence to the cortex, brings about, through the con-
sciousness, the warning that Nature intended. Arising
from this conception of the isolation of the brain and
nerves, I have adopted the term "internsl environment"
in distinction to environment which is only external
(outside the body) in affectiveness, as expressing the
relationship of pathological conditions arising in the
somatic tissues and the manner in which they affect
the nervous system as a whole. I

In the brain itself the protective structures are
more complex as they form prineipally a bharrier or
screen between the blood stream and the nerve tissues
of which the cerebro-spinal fluid is a pert. In ad-
dition to the highly selective filter action of the

coroid vlexus other units such as the glia, the
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cerebro-meningeal capillaries, the ventricular ependyma,
and the pia are also considered as pert of this sys-
tem. The cuestion of permeability of the brasin men-
branes in mental disorder has been the subject of much
speculation and research. The bromide method of Wal-
ter (Ref. 12) shows that differences in permeability
exist, the concensus of results showing that, with the
exception of dementia praecox of whom about 364 have
dininished permeability, it tends to be increased.
Ho clear diagnostic significance for this test is how-
ever claimed. The relation of brain permeadbility to
systemic neurotoxin must be of very considerable im-
portence, but has to be considered in the light of
their chemical nature, the poisons of which, if in a
colloidal form, are much less diffusible than those
which are not. Iuch must depend upon the effect of
the toxin upon the bharrier itself. 1In this connection
Strecher, 1928, (kef. 12) refers to the interesting
fact observed by Stern that poisoning with diphtheria
toxin, tetanus toxin, and tuberculin, is found to in-
crease the permesbility of animals. The correlation
of this with the present research is obvious. As
regards the entrance of neurotoxin by this pathway}
its significance is, with out present limited know-
ledge, difficult to estimate.

Another possible route remains to be referred to}
analogous with the tetanus toxin, which is absorbed by
the nerve trunks, it is possible that a similar process

may ocecur with the anaerobic Klebs-Loffler and
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diﬁhﬁheroid toxins in that they may travel up the cord
and ultimately reach the higher centres. The mechan-
ism referred to by Stacey Wilson mey be in »nart the
result of this process,which in time will extend un-
til the more highly developed basal nerve centres and
those of the cortex come under its effects. If we
except dementia paralytice, and senile and arterio-
sclerotic dementia, the brain changes found in cases
of mental disease are uncharacteristie. Further, the
histo-pathological data would, in the opinion of most,
tend to point to degenerative rather than inflammatory
changes of the parenchyma. In the so-called dementisa
praecox group I understend this particularly applies,
where the localisation of morbid changes in relation
to mental phenomena is still very obscure. The ex-
cessive fatty deposit found in the ganglion cells of
the cortex in quite young persons who were cases of
dementia praecox, is referred to by Goodall (Ref. 14)
who stated that "this may be an instance of the pheno-
menon referred to by Leaths and Raper (Ref. 15) 'the
conversion of fat normally present, which does not
stain, into fat that does, because of & change in dis-
vpersion of the fat leading to aggregation.' The ex-
ample they cuote from Dudgeon is significant 'whereas
normal heart muscle of guinea-pig and other animals
shows no sign of fat in the cells when treated appro-
priately with Scharlach Fed, these cells similarly

treated 24 hrs. after the injection of diphtheria toxin
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mey be densely studded with deeply stained droplets
and granules. Chemical analysis shows however, that
the normal heart may contain as much fat as the deeply
stained noisoned cells, or even more, though none of
it is revealed by the steining.'" Apart from their
interest.these observations have & definite signifi-
cance when viewed in the light of the present research.
Against this claim it may be asserted that the condi-
tions are scarcely parallel in terms of toxin; it must
be realised however that the central nervous system is
infinitely more sensitive to diphtheria poison than
the somatic tissues. Roux and Borrel found that in
animals the central nervous system was approximately
seven times more susceptible, and further, large doses
of anti-serum had no protective action. Relative to
this, chronic infective conditions supply this impor-
tant factor, the prolongation of toxic action on any
tissue it selects. This implies a wearing down pro-
cess probably in terms of years before toxin fixation
is complete,k and death of the cell ensues.

What exactly determines the fixation of toxin in
some nerve cells and not in others has yet to be
elucidated, but it is in harmony with previously con-
celved views that inherent susceptibility in highly
specialised cortical and basal ganglion cells must
play an imﬁortant part. Consistent with this it hes
been shown by & number of observers, Wassermann, TIutaki,

and letchnikoff, that the combining power of the
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emulsified brain of an animsl is directly proportional
to the susceptibility of that animel to tetanus toxin.
Other factors however that may predispose are trauma,
and psychological wear and tear resulting from envir-
onmental conditions, especially of those cells that
are concerned in the will, intellect, and control of
the emotions. The operation of this process on nerve
cells is probably closely parallel tc the well-known
lowering effect on the resistance of the somatic
tissues of cold and fatigue, except that mental stress
end strain, if prolonged, is ultimately harmful to
the somatic side of the economy, and may predispose
to the invssion and action of speciasl bacterial agen-
cies and the establishment of & pathological state.
The last mentioned relationship is very frequently
cited as being solely causal to the poor physical
state of incipient and fully esteblished mental state.
This view cannot however be accepted as such on the
facts which have been presented.

In place of this widely held conception one pos-
sible aspect of neurotoxic action has yet to be con-
sidered. The vitality of all living tissué is main-
tained by trophic nerve function, complete loss of this
trophic influence resulting in Wastinglof the tissue%
whether it be the involvement of a group of muscles
or a secreting gland. TFrom this extreme all degrees

of tissue disfunction can be cited. In severe
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neurotoxsemia it is probatle that the whole ec nomy is
more or lecs ssturated, and while definite morbid
changes through selective action may be going on in
nerve centres within the brain, it is not unreason-
able to suppose that the whole nervous system is like-
wise being affected but to a much lesser degree. IT
this is so, then it follows that almost every tissue
and function of the body is materislly altered, the
change being as a rule depletion of vital activity.
This condition which seems to exist I propose to term
"neurotoxic atrophic effect". Generalised ss this
process may be, absence of its effects is sometimes
evident in a certain tissue, organ, or system, which
escapes owing to an inherently greater resistance
than the rest of the economy. Only in this way does
1t seem possible to explain the wide differences of
disordered somatic tissve function seen in mental
cases. In ny clinical study of patients I have been
much impréssed with the general condition of debility,
sub-intoxicetion, and lack of recuperative power which
so many cases show. Its physical expression in terms
of the cardinal signs of inflammation are notably ab-
sent, and their tissue response to pyogenic and other
infections remarkably different from that seen in
general practice. Yet from & bacteriological aspect
their gums, tonsils, ete., carry as much if not more
pathogenic species of streptococeci and other bacterisa
ags do those normal patients suffering from some acute

sevtic condition ceausing serious illness. That this
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sepsis without reaction, or =2s it is sometimes called
unresolved sevsis, is dependent upon a greatly defi-
cient vital immunity resction of the tissues, is shown
by the faet that many organisms, especiall; those that
are endotoxic in typre, do not as & rule exercise the
pathogenic action until their toxic products are re-
leased by levcocytic and other ferments such as opsonin
and bacteriolysin. The absence or diminished power of
tissue resistance must account for the degree of re-
latively superficial orel sepsis that is so comnon in
mental patients. Ilany of the bacteria sre partially
orlwholly saprophytic, but tend to become less so the
deeper they work into the tissues where free drainage
of their toxie products cannot occur. Eence bacteria
in apical foei, periodontal membranes, the accessory
sinuses, and those that travel via the lymphatic paths,
must be regerded as pethogenic even if relatively and
intermittently mildly toxicec. The high incidence of
faecal end other types of streptococei in the intes-
tine is I believe partly accounted for on these grounds.
Exactly what neurotoxic relationship they have has not
vet been determined, but there is good reason to sus-
pect that in certain phases of mental disorder their
toxic effects are of considerable importance. With
virulent bacteria however this leck of response may
see the reverse of what has Jjust been stated, the ab-
sence of defence resulting in overwhelming toxaemia
and death. This paradox may in some measure account

for the great 1liability of the chronically insane,
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especially adolescents, to succumb to intercurrent
infeetions. If any other hyvnothesis can be formulated
that will better explein these specisl physical feat-
vres so cherscteristic of mental disorders as & whole,

/
I would be glad to accept it. .
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X. THE INCIDENCE OF DIPETHERIA IN MENTAT HOSPITATS

AND OTHER STATE INSTITUTIONS.

Through the kindness of Dr M.dJ.MeGrath I have
been able to obtain information from replies to &
fuestionnaire which his sub-committee on infectious
diseases sent out to mental hospitals. The enquiry
covered typhoid, dysentery, and diphtheria, and the
incidence of carriers,but it is necessary here to re-
fer only to the cuestion of diphtheria. TIrom 71 men-
tel hospitals the returns are briefly as follows;-

1. Sixty-six hospitals report no diphtheria or car-
riers amongst patients. In the majority this
freedom would seem to cover several years and in
some the investigetions go back as long as ten
years.

2. One hospital reports one suspected case a2s being
a carrier hut this was not confirmed.

3. Three hospitals report one carrier each and one
institution two carriers in which one was associa-
ted with sinusitis.

From one mental hospital whose staff live out I

am informed that the number of cases of diphtheria doec

not vary from that amongst the ordinary population;

further confirmation of this is however required.

Dr W.N.Bast, medical inspector of prisons, has
kindly supplied me with relative information amongst
prisoners and inmates of Borstal Institutions for 1929,

their number being 10,861. OCnly one case occurred and
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this was regarded as being a carrier. /ith regard to
prison staff of whom most live oufside, information
is not availatle. The basis for comparison is un-
fortunately not the same in both groups as regards
time, the incidence for the mental hospitals covering
meny years while for the other group only a period of
twelve months is available. However, it will be seen
that the occurrence of diphtheria is apparently the
same for both over a period of one year. The condi-
tions of isolation from the general community, and
the fact that, should ceses occur, they are auiekly
noticed and segregeted, are generally taken as being
the main reasonsfor the absence of epidemics. In
examining the question more closely howeveriand com-
paring the conditions of these two segregated sections
of the community, it must be pointed out that, in the
case of mental patients at least, their isolation is
only partial and that they come into fairly close
association with those living outside. The nursing
staff in the course of their dvties are in daily con-
tact with patients much in the same way that the staff
in fever hospitals are,where the greatest care is taken
that diphtheria does not spread into wards allotted to
other diseases. Carriers amongst both patients and
staff are responsible for the outbreaks that do occur
in fever wards. Further, the weekly influx of visitors
to mental hospitals must bring into contact with pa-

tients the rather younger elements of the population.
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Added to this is the fact thet, owing to circumstances
in some hospitals at least, patients live even nmore
closely together than is the rule in general hospitals
and orphanages where epidemics are known to occur from
time to time. In regard to prisons, the conditions of
isolation are much more severe; warders renlace the
nursing staff and their contact with prisoners must be
mach less intimate. The inmates are also relatively
little in contact with one another. Further, visitors
are not allowed except under special circumstances,
eand even then regulations do not permit them to come
into actual contact with the prisoners. With Borstal
Institutions perhaps less rigorous conditions prevail,
the inmates probably being collected into large groﬁps
in the course of occupations.

While it is allowed that a closer investigation
is required in order to make & strict comparison be-
tween the conditions of each section to determine the
opportunities of infecetion, I think it is probable
that mental patients will be found, taking all the
circumstances into consideration, to live in conditions
which involve the greater risk of diphtheria infection.
Nevertheless it is a most remarkable fact how exceed-
ingly rare acute diphtheria is, those found with in-
fection being carriers. That between 404 - 50% of men-
tal patients are carriers of anaerobic Xlebs-Loffler
and closely allied species has been shown and in this
connection it is to be remembered that the tonsils are

only a /
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minor focus, and in addition is the intestinal tract
bearing the same infection in a much greater degree.
"Then this is appreciated it is reasonsble to infer
that most patients have a long-acquired immunity which
is sufficient to eliminate the incidence of acute
Taueial diphtheris. This does not however prevent
them from becoming carriers of perhaps virulent diph-
therie bacilli contracted from outside. Significent
as I believe these facts to be in establishing the
relgtionship of diphtheria and allied infections as
one of the causes of insanity, it cannot be overlooked
that the conditions of relative isolation, though less
important, must necessarily be taken into considera-
tion.

In connection with acute diphtheria and carriers
in the community, it is perhaps hardly necessary to
mention that they are bound to be regarded in a new
light in view of the facts presented. Numerous prob-
lems would appear to arise; what relationship has
divhtheria to the pathogenesis of mental disorder?

Is its acute epidemic form a more fertile source of
svbsequent anaerobie residusl infection with its pos-
sible sequelae, or are carriers,who asre less frequent-
ly noticed, more prone to become generally infected
and become candidates for mental disorder? These are
only two of the many questions recuiring an answer.
From the point of view of public health, the need for
co-operation in this matter refers especially to those

whose vresponsibility it is to pronounce” a case free
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from infection or a contact to be non-carrier. It
would seem essential to adopt snserobic methods in
these instances for patients in whom the recognised
bacteriological tests vnrove negative.

One other aspect remains to be mentioned. IFf
Science can prove, as I believe it will be able to do,
that diphtheria and ellied infections can be linked
with the somatic pathogenesis of mental disorder, two
definite advances in psychiatry will have been made.
In the first place early recogunition of the underlying
toxic etiological factors will be possible long before
cases have advanced to the stage of complete breakdown
of the brain and nervous system. In addition to the
medical treaiment of such cases, there would be in-
volved the study and correction of inherent and ac-
guired abnormal psychic tendencies,end the ordering
of the enviromment as far as possible to meet the
needs of each case. Thus would our treatment endeavour
to become preventive rather then curative.

Secondly, it is probable that if the lay mind were
to associate the well-known physical entity acute
diphtheris in a more subtle and chronic form as being
one of the causes for mental illness, much of the mys-
tery and dread that still surrounds insenity would
gradually be dissipated. Further, it would give the
psychiatrist and medical practitioner alike a better
opportunity of teaching the need for early attendance
as in or out patients at psychiatric cliniques where

necessary treatment and advice would b€ given.
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XI. THE METHOD OF DIAGNOSTIC SURVEY, ITS INFLUENCE

ON TREATMENT, MEDICAL AND PSYCHOTHERAPEUTIC.

Those whose work lies in the domain of the study
of the mind and who tend to disassociate it from the
functioning of the rest of the body may question the
value of this research in its application to the
treatment of mental disorders. This ettitude of mind
towards the physical aspects of mental illness hes, in
part, naturally arisen on account of the predominanée,
in so many patients, of a purely psychic symptomatol—l
ogy in the clinical picture,which effectively masks
the subtle but nevertheless fundamental somatic di-
sease processes that underly insanity. One well
founded explsnation for this charecteristic can, I
believe, be sought in the mechanism of abnormal re-
flex arce functioning,which not only effectively con-
ceals the appreciation of underlying disease from the
consciousness, but diverts the stimuli to the higher
centres, the effects of which will vary according to
the potential psychic stability of the individual.
Once these aberrant paths are established, it can be
seen that the more severe the underlying morbié pro-
cess becomes, the greater will he the masking of its
physical expression. The psychological effeet of
this mechanism will be more appreciated perhaps by
the psychiatrist than by those whose work lies in

other fields, and its importence realised. In
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lacking a true physical symptomatology, mental disor-
der requires, above all other msladies, the applica-
tion of scientific medicine to come to its sid. The
truth of this has been amply borne out by the prob-
lems with which I have been faoced for the past three
vears. The degree of serious end almost wholesale
rhysical disorder in some mentel patients is, to put
it mildly, nothing short of appalling when revealed
by the method of diagnostic survey. Ordinary clinical
methods, no matter how minutely and carefully conduc-
ted, leave the physician with little or no clue to
the real nature of the physical disorders oresent,
end therefore he is robbed of his power to treat what
is in so many a serious if not dangerous illness of
an acute or chroniec tyve.

Diagnosis by the methods I have employed has
opened up & vest and fascinating field of therapeutiecs,
the application of which texes the skill of btoth
physician and nursing steff alike. Nevertheless, the
results that have been obtained have, I believe, more
than justified the time and patience which are neces-
gary if many of our petients are to be restored to
physical and mental health. No panacea is claimed;
| on the other hand, I thihk that, without exaggeration,
no greater task confronts scientific medicine than in|
mental disorders, so fundamental and elusive are the

PrOgTresSses
problems involved. As our knowledge , it becomes evi-

dent that more and more will the purely psychological
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aspects of insanity yield the first claim uvon the
ratient to seientific research in respect of early
treatment. It thus becomes necessary to ask, what
place will psychotherapy have in the domain of psy-
chiatry? I hold that the comparative limitations of
its value as an instrument of cure per se will ul-
timately be realised and thet its future field of
service will be enormously enhenced if only those who
practise it will seek fuller co-operation with the
scientist end physicien. The need for the skilled
psychologist will slweys remain but his place in the
scheme of rational treatment will be altered. This
adjustment will, I believe, be 2dvantageous to both
natient and psychotherarpist alike, whose task it will
be to re-habilitate the normal funetioning of the
mind where illness has left its train of mental weak-
ness and abnormality. Notable though the results of
oure psychothez‘ap‘y. have been in certain cases, the
future holds out infinitely greater possibilities of
success if such treatment is postponed until convales-
cence and not sdopted in those cases, so ill in mind
and body, that the co-operation which is s0 essential
cannot, or will not, be given.

One other aspect of psychotherapy remains to be
referred to, that of the important problem of child-
psychology which is now receiving the attention of so
many. In this field psychology will perhaps find its
greatest service to humanity, not only by direct care

of the patient, but in the guidance of “those who are
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responsible for the environmental influences which
modify or aggravate the inherent psychic tendencies
in each individual. PFundamentally important as these
aspects are in the early recognition and treatment of
mental disorder, it must not be forgotten in the
searching of the soil for the seeds that may germinate
insanity, that amongst them are often those belonging
to the somatic side of the economy, which, if left
undiscovered, will later be reaped as an absence of
response in many who, with earlier medical care,

might have been saved being a burden to the community.
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XT1.CONCIUSIONS.

1. The adoption of strict anaerobiasis and special
conditions of nutriment have been shown to be essen-
tial to the carryinz out of this research. 7Tt
follows from this that, if anaerobiec cultural tech-
nique is omitted in the bacteriology of insanity,
the greater and most important part of the flora
is inevitebly missed.

2. The fact that anaerobic Klebs-Toffler species exist
in the tonsils and intestinal tract has been estab-
lished, and in association with them are numerous
closely allied bacteris belonging to the anaerobic
diphtheroid group.

5. Strietly anaerobic species of leptothrix bacteria
have been found which are probatly closely related
and similar in toxic action to the anaerobie diph-
theroids. As a group they are more clearly de-
fined, and have aerobic species which usually show
strongly facultative anaerobic habits.

4. Foth groups by ordinary methods of animal experi-
ment are non-virulent to guinea-pigs, but may orove
mildly toxie, and would appear to have an affinity
for the lower slimentary canal.

5. Systematic methods of bacteriological examination
have clearly demonstrated the importance of the

colon ss the main focus of infection for the strict-

ly anserobic species of bacteria, and that it is
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possible to trace them to their source in the minor

foel of infection.

6. The incidence of these organisms has been carefully

7.

compared in controls and those suffering from defin-
ite mental disorder, borderland, or neurotoxic
states. The results show conclusively how infinite-
ly greater is their occurrence in inssanity and
gllied states, a fact which, it is claimed, must
have an etiological significance of the greastest
imvortance. .

Of the two sub-groups the neurotoxic cases are re-
garded as being potentially much more liable to
severe and lasting mental breekdown then those bhe-

longing to the psycho-neurosis and neurasthenias.

8. From the study and comparison bétween the éction of

o

known neurotoxic bacteria and the anserobes in
question, there would seem little doubt that the
latter have a similar but necessarily modified
toxic action to the former.

That in this process of modification special more
specifically acting neurotoxins are formed which
exercise a more selective action on the central

nervous systen.

10.Endotoxic action is regarded as being an important

additional factor in the production of neurotoxaemia.

11.That neurotoxic action,in addition to effecting

slow degenerative changes in the nerve tissues of
the brain, has marked local effects,especially on

Aurbach's nerve plexus and the autonomic system.
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That the condition of tonic hardening of the colon
results in perverted funetion of the reflex arecs
centred in the cord and can give rise to distur-
bances of cerebral funetion; further, that tonie
hardening is productive of the later and more ex-
tensive morbid changes in the lower alimentary
canal, and of establishineg the conditions of sev-
ere toxaemis that lead to permanent mental disor-

der.

. Absorption of neurotoxin from the alimentary canal

or elsewhere may reach the brain by two possible
routes, one by the systemic circulation, the other
via the nerve trunks and spinal cord.

That the almost negligible incidence of diphtheris
and carriers in mental hospital patients is mainly
due to the fact that they are already infected
with aneserobic Klebs-Loffler and closely allied

organisms and thus have sn scquired immunity.
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XTIT SUMMARY OF DEMONSTRATION SLIDES AND CASES,ILIUS-

TRATING THE TYPES OF ANAEROBIC KTLEBS-LOFFLEE, ANAERO-

BIC DIPHTHEROID, LEPTCTERIX INFECTICOKNS.

Case 1. Iemale, &ged 42. acute mania, three cyeclic
attacks, markedly toxic,; recovered.

Intestinal Ylore;- Three types of ansero-
bic diphtheroid; one type aneerobic lepto-
thrix; total, 4%+. Lerobic streptococecal
flora very marked during manic phases.

¥ive slides stained either by Gram or
Neisser demonstrating the miceroscopical charea-
teristics of ITo. 1 anaerobic diphtheroid.

Sugar reactions, those of Klebs-Loffler except
for fermentation of mennite. (Strain 9, Table
6)., This sugar broth proved toxic to guinee-
pig. Four slides show the characteristics of
the anaerobic leptothrix, sugar reactions
given (Strain 2, Table 7).

Case 2. Female, aged 20, adolescent insanity, onset of
illness at 18. On admission confused, deluded,
impulsive type, rhysical condition very poor,
septic; physical and mental state much improved,
able to live at home.

Intestinal Flora;- Three tyvnes of anaero-
biec diphtheroid; one type aneerobic lepto-

thrix; total infection, 53+.
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Nine slides demonstrating the character-

istics of No. 1 anserobie diphtheroid (Strain
12, Table 6). Sugar reactions those of {lebs-
Loffler, filamentous branching forms seen in
broth. Anaserobic diphtheroid No. 2 (Strain 1,
Table 6), with different type of primary col-
cny. Suger reactions given, filamentous bran-
ching forms seen in troth.
Male, aged 20, dementie praecox, onset of ill-
ness at 16. On admission confused, suspicious,
impulsive and childish, habits faulty. Physical
condition poor, very toxie. Under treatment.

Intestinal Flora;- Four types of snaero-
bic diphtheroid; total, 6+.

Series of ten slides demonstrating znaero-
bic diphtheroids Nos. 1,2, and 3, each with
different colony and microscopical character-
isties. No. 1 anaserobic diphtheroid (Strain
20, Table 6) geve sugaer reactions of Klebs-
TLoffler. NYo. 2 (Strain 14, Table 6) likewise
gave same reactions except for trace acid in
saccharose. No. 4 (Strain 21, Table 6) is not
demonstrated but gave Klebs-Loffler reactions.
Female, aged 18, recurrent confusional, very
acute type, onset of illness at 16. Physical
condition very poor. Recovered.

Intestinal Flore;- inserobic diphtheroid

two types; leptothrix one type; total, 43+.
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Case 6.
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Six slides illustrate the possibility of
tracing diphtheroid inféction from the tonsils
to the intestine. /Anaserobic intestinal lepte-
thrix seen in smears from tonsillar debris.
This case is a good example of a residusl
minor focus with a severely infected major
focus.

Male, aged 33, recurrent confusional with de-
lusions of persecution and auditory hallucina=-
tions, underdeveloped mentality. Physiecal
condition, outwardly fairly good. Admitted
after second attack during which temperature
reached 101°F. Tnder treatment.

Intestinal Flora;- Anserobic diphtheroid
two types; anaerobie leptothrix one type;
total infection, 4+.

Seven slides show aerobic type of lepto-
thrix non-fecultative anaerobe, anaerobic
divhtheroid No. 1 (Strain 15, Table 6) gave
sugar reactions of Klebs-Loffler. Anaerobic
leptothrix (Strain 5, Table 7) sugar reactions
given.
liale, aged 27, dementia prasecox, paranoid
type, confused, excited, and deluded, re-
ligious and persecutory ideas, unstable men-
tality, rather a failure in life. Physical

condition unsatisfactory. Under treatment.
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Intestinal Flora;- Anaerobic diphtheroid
three types; total of 5+. Anserobic lepto-
thrix 2+.

A series of ten slides are given showing
the microscopical characteristics of the atove
flora. Anaerobic diphtheroid No. 1 (Strain 16,
Table 6) gives sungar reactions of Klebs-Loff-

ler.

Case 6A. Tive slides are also given illustrating

Case 7.

an atypical eserotic dinhtheroid in the intes-
tine with strongly facultative aneérobic hebit.
Non-metachromatic, probaebly solid, type; later

small granules developed in anaerobic sugar

[o3]

)

of Klebs-Loffler bacillus; filamentous gran-

broth. Sugar resctions (Strain 17, Table

ules and non-granular branching forms present
in sugar broth.

liale, aged 44, melancholia, severe, nine months
duration, delusions of suspicion and persecu-
tion, at one time homicidal. Physical condi-
tion very toxie. Iecovered.

Intestinal Flore;- Anaerobic diphtheroid
two types, %%+. Anaerobic leptothrix two
types, 3i+.

Five slides demonstrating the character-
isties of the two tyves of anaerobic lepto-
thrix. one metachromatic, the other non-granu-
lar. No. 1 leptothrix (Strain 7, Table 7)

sugar resctions given. .
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Male, aged 29, recurrent cyelical confusional
attacks, duration of illness nesrly two years,
very toxiec during acute phases. Iecovered
from attacks, out on trisl.

Intestinal Flora;- Anaerobic diphtheroid
two types, 4+. Anaerobic leptothrix 3+.

Four slides show the microscopical charac-
teristics of the snaerobie leptothrix (Strain
6, Table 7) and sugar reactions. This case
is another example of residual tonsillar in-

fection which was trsced to the intestine.

Demonstration Set No. 1.

Sixteen slides illustrate the mieros-
copical characteristies by Gram and Neisser
stein of eight of the classified anserobic

grouns given in Tsble b.

Denonstration Set No. 2.

A geries of slides demonstrate the great
contrast between the aerobic and eanaerobic

intestinal flora in mental patients.

Demonstration Set MNo. 3.

These show the presence of diphtherocids
and leptothrix-like organisms lying in the
cheesey debris extracted from the tonsillar
ecrypts in two cases; one is from demonstra-
tion csse 4, the other from a case of melan-
cholia. One slide illustrates the same bac-

terial flora in pus from around & molar tooth

in an agitated melancholic.
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Demonstration Set No. 4.

These show an angerobic diphtheroid isola-
ted from the cerebro-spinal fluid in a female
vpatient suffering from genersl paralysis of
the insane of the expansive, grandiose type.
Good remission followed vaccine treatment.

Tryparsemide given later. Wassermenn reaction
= <O

remained ++.
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XIV.. SUMMARY.

SECTION 1. Introduction. This deals with the cir-
cunstances of the past six years leading up to the
present stage of this research. The experience
gained by the valuable results of systematic bio-
chemical, haematological and bacteriologicel examina-
tion in many chrounie physicsl disorders and in some
mental and borderlend patients, both as s means of
research, and a starting point for rational treatment,
lead me to apply this scheme of diagnostic survey to
all admissions to Wantage House. During the period
of research amongst control cases, it was striking
how very similar in one resvect were the underlying
physicel disorders of the mental patients, the great
difference being that from very few could a definite
physical symptomatology be ascertained. The contrast
between their bacteriological infections, esmvecially
in the intestine, was however very marked, the latter
having special tyves of snaerobic infection which
were in every respect similar to those found in well-
established mental cases investigated at the Scottish
Asylums' Laboratory. This fact influenced me in ex-
tending the bacteriological side of the research and.
the application of strictly anaerobic methods to all
possible foei of infection in order to discover if
these anserobic svecies of bacteria had any etiologic-

al significance in insanity and allied .conditions.
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SECTION II. Historical Neview. This deals with the
researches upon the bacferiology, toxicology, and
haematology of the vps;chosis and allied disorders,
from 1875 - 1929. It contains forty-four references
which are sumnmarised in a bibliography at the end of

this thesis.

SECTION III. Classification of case groups and foci

of infection studied in each, with table of cases on
whom a disgnostic survey has been carried out. The
total number of cases dealt with in this research is
450 and for convenience they are divided into four
grouns. Groups 1, 2, and 3 have a total of 189 cases
which are sub-divided into 145'cases of established
mental disorder, 22 borderland cases, and & similar
nunber which are classified as neurotoxie. The bal-
ance of 261 cases are controls, The mental cases are
further sub-divided according to their psychological
symptomatology,and fall into sefen sections. The main
features of each group are outlined and special men-
tion made of group 3 which, on account of their co-
operation, capacity to respond to treatment, and ap-
preciation of their condition, makes them particular-
ly valuable for clinical and scientific observation.
Further, it is this group of cases whom, if treated

|
early, respond well, but who, on the other hend, if

|
disregarded, become amongst the most severe and often|
hopeless cases of mental disorder. Over a thousand
bacteriological examinations have teen carried out

amongst the four case groups and of these in all but
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124, anaerobic as well as aerobic methods have been
empioyed. Out of the 450 cases, 209 have been examin-
ed by the method of diagnostiec survey; of these 154
belong to the mental and allied case grours.

SECTION IV. Bacteriological techniaque. In this sec~

tion & brief omtline is given of the aerobic cultursl
methods; these having run parellel with the anaerobic
technique. The composition and preparation of media,
and & déscription of the special methods employed for
ensuring strict anaerobiesis are given; also the
method of sheep-bleeding and preparation of sterile
serum and haemoglobin so essential to the study of
anaerobie bacteria. The spectroscopic characteristics
of the aerobic and anaerobic media are also mentioned.
liethods of obtaining materisl to be cultured are des-
cribed and the need for special care with intestinal
samples if good results are to be expected. The exam=-
ination of the cerebro-spinal fluid for evidence of
growths of delicate anaerobes is also given, the tech-
nicue emploved yielding a percentage of positive re-
sults not obtained by other methods. The special

uses of the different anaerobic media in the study of
the anaerobic diphtheroid and leptothrix group, and
the steining methods employed are also outlined.
SECTION V. The anaerobic diphtheroid and leptothrix
group. Their cultural morphology and microscopiecal
characteristics are described in detail and a classif-
ication table given which, though necessarily tenta-

tive, serves to indicate the main groups into which
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the anaerobic diphtheroid bacteria fall. Thus it has
been necessary to divide the 312 strains into six
cultural, and eleven microscopical sub-grouns, =
teble being given to show their incidence and rela-
tionship to one another. The a2naerobic leptothrix
group is dealt with in the same way end is seen to be
much more compact, only three sub-grouvps bheing at
present necessary. The relationship of the anaerobic

diphtheroid and leptothrix groups is also discussed.

SECTION VI. Biochemical reactions of anaerobic diph-

theroid and leptothrix groups. Twenty-one anaerobic
diphtheroid strains and one facultative anaerobe
tested in 5 - 9 different carbohydrates are dbscribed,
and given in detail in tabular form. The significance
of the results are discussed in relationlto the most
authoritative views on the subject. Out of the 21
anaerobic strains, 7 give reactions of the Klebs-
Loffler bacillus, the one obligatory anaerobie strain
also proving similar. Some of the remaining strains
gave reactions which leave it & matter of opinion as
to their being Klebs-Loffler, others however are
definitely relegated to the diphtheroid group. Of the
anaerobic leptothrix group the suger reactions of 11
strains are given and tabulated. The results show
tham to be varied in their fermentation power, no
definite grouping a8 yet being possible. Glucose,
dextrin, and laevulose are most frequently and strong-

ly fermented by these bacteria. Their possible rela-

tionshir to leptothrix Buccalis is also-discussed.
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SECTION VII. Animal experiments. This section deals

with the results of & limited number of exveriments
with guines-pigs on which tests for virulence have
been carried out. Eleven different strains of anaero-
bic diphtheroid, two giving Xlebs-Loffler sugar reac-
tions, were inkoculated by the sub-cutaneous or intra-
peritoneal route. Nine strains proved non-virulent,
one gave rise to marked toxic symptoms, while the last
invaded the colon and was recovered in the stool of
the animal post-mortem. The condition of eultural
growth in relation to the produetion of toxieity, and
the difference between virulence and toxic power are
'discussed. In connection with the former the feeding
experiments on rats and mice carried out by Ford Rob-
ertson are cited as being striking proof of the capsc-
ity of the afore-mentioned hacteria in this direction.
The present concensus of opinion that most of the
diphtheroid group are non-vathogenic can be refuted
on the evidence of the present research, and various
points are mentioned suvporting this claim. The ac-
tion of four streins of anaerobic leptothrix on ani-
mals is also given, as well as the results of past
experiments having & bearing on the present work.

SECTION VIII. Analysis of the aserobic and anserobic

bacteriologicel flora of the minor and major foci.
In this section ten tables are given to illustrate the
incidence of the numerous types of bacteria both aero-

bie and anaerobic that have been found in the wvarious

foei of infection in the control and mental groups.
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The method of assessment of the numbhers of bsecterial
species is given snd the resson for zdopting the plus
and plus-over-minus system up to the meximum of 8+ in
any one culture, discussed. The terms minor and masjor
foei are explained, the former including all regions
except the large and small intestine. The minor foeci
constituting oral sepsis are discussed in relstion

to their importance &as starting points for dissemina-
tion of infeetion throughout the body, especially in
the Tormation of the major lower alimentary focus.
Evidence is given of the significance snd existence
of lymvhatic spread, reference being made to research-
es bearing upon the presence of oral sepsis as it
affects gastric function and later the colon. TFoei
of infection other than the mouth and intestine that
mey become important psthologically are discussed,
and the findings given of the incidence of anaserobic
infection of the cerebtro-spinsl fluvid, saccessory
sinuses, and uterus. The possible tracking of an-
aerobice diphthercid and leptothrix infection from
tonsillar and dental foci to the intestine, is cited
in several cases, and the importance of realising
that the latter forms the ideal nidvs for these bae-
teria is emphasised. The question of how these in-
fections originste and their relationship to the de-i
velopment and onset of mental illness is discussed,
and the influence of susceptibility, age, and other

relevent factors teing mentioned. Analysis of the
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tables definitely establishes how infintely greater
is the incidence of anaerobic diphtheroid and lepto-
thrix infection in the mental and two allied case
. groups as compared with the controls. The diagnosis
of the physical disorders in those controls heving
moderately severe and severe infections is given,
these showing a fairly large proportion suffering
from gastro-intestinal trouble and debility. The
occurrence of intestinal streptococcal infection in
the mental groups is &also discussed and related to
the incidence in physical disorders. Comparison be-
tween the three sub-divisions of the psychogenic
group is made, and the fact that the neurotoxic group
3 cases bear as much anserobic infection as do group
1 staends out clearly. The inherent psychological in-
stability of the psychasthenic and neurasthenie
patient in contrast to the much greater resistance
and driving force of the neurotoxic cases is suggest-
ed as being a reason for the difference of capacity
to withstand neurotoxic aetion. It is emphasised
however, that in the latter this very fact may be
their undoing and that breakdown to them, if it comes,
is infinitely more serious. The ﬁeed for the proper
recognition and early medical treatment of such cases|
is stressed.

SECTION IX. Neurotoxins and neurotoxic sction. In

this section the subject of neurotoxins receives con-
sideration, the composition and action of the speci-

fic nerve poison of B. tetanus being compared with
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that of BE. diphtheriae. The action of the two toxins
is described in experimentel animals and later cor-
related with those produced by the anaerobes. The
parallel develovment of toxiecity and subsequent modi-
fication of B. dinhtheriae and B. tetanus in cultures
and in the body ie discussed in relation to oﬁr
present knowledge of the subject, and from this con-
clusions are drewn regarding neurotoxic scetion as ob-
served in animals and in man. Views as to the forma-
tion of speciel neurotoxins by the anserobic Klebs-
TLoffler and diphtheroid group are put forward, and
the fact that they are similar except in degree to
those produced by the B. divhtheriae is shown; fur-
ther, it is claimed as teing probable that they form
even more specifie neurotoxins which partly sccount
for their selective action in mental disorder. IEvi-
dence of endotoxic action is given and regarded as an
important additional factor, the exact neurotoxic
role of which requires further investigation. FRefer-
ence is made to the production of immunity and reasons
given for probable ‘deficiency in this respect. Cor-
relation of established facts concerning our know-
ledge of the morbié changes occurring in the organs
and central nervous system in insanity has made it
possible to formulate several hypotheses of the man-
ner in which neurointoxication affects the economy

in ceusing locel and general changes which ultimately
result in the dysfunction and gradual degeneration

of nerve cells belonging to the higher grades of



psychic function. These praétical and partly theoreti-
cal considerations are based primarily uvon the evi-
dence of local changes, and later upon those of a

more general character. The condition of tonic har-
dening of the colon,and the abnormal reflex arc
mechanism deseribed by Wilson is given,end his views
confirmed from the writer's own observations on a
hundred mental cases. It is claimed that this loecal
lesion is a specifically neurotoxic one affecting
Aurbach's plexus. The high incidence of severe con-
stipation is correlated with toniec hardening, and the
importance of the two in esteblishing extensive nmor-
bid changes leading to chronicity is discussed. Evi-
dence of this is cited in the X-rey work of others

and from the writer's own investigations in the sub-
ject. Another local effect of neurotoxic action is
that vpon the auvtonomic system which seldom escapes
from the symptomatology of mentel disorder. The views
of Trotter on the insulation of the nervous system,
and the importance of the maintainance of its integ-
rity stressed if nerve function is to remain normal.
Based on this theory, a new conception of the rela-
tionship of the somatic tissues to the nervous system|
is put forward in distinetion to the effects of the

' usual meaning of the term environment upon the reac- |
' tions of the centrasl nervous system. The special pror
tective structures of the train are outlined in connec-
tion with the barrier action against systemic poisons,

and the known facts of altered permeability in various
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mental disorders mentioned. Experimental evidence of
bacterial toxins, amongst them diphtheria, in lowering
permeability is cited. lorbid chenges in the brain

in mental disease are referred to,and the experimental
and histological observations of three investigators
given, having a bearing upon the process of nerve cell
degeneration in man &s being sugsgestive of neurotoxic
action. The factors predisposing to neurotoxin fixa-
tion sre discussed and correlated with recognised fac-
tors affecting the somatic side of the economy. A
hypothesis based on the trophic function of nerves is
put forward as heing the expression of a generalised
but less svpecific effect of neurotoxic action, resultf
ing in the lowering of the vitality of the whole
econony. This conditicn,which is termed neurotoxiec
atrophic effect, explains, the writer helieves, much
that is peculiar to the physical aspects of so many

of the insane. Various instances are given to bear
out this theory.

SECTION X. The incidence of diphtheria in mental
hospitals and other state institutions. Evidence
relating to the absence of acute diphtheria in mental
hospitaels is given and compared with similar informea-
tion regarding prisons and Borstal Institutions. Thé
conditions of isolation of the inmates are contrasted,
and the fact mentioned that the former &are much more
exposed to contact with those outside. The fact that
carriers are occasionally found is in agreement with

the finding that, in the writer's exverience, hetween

-
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40% snd 50% are found to have either arserobic diph-

m

theroid or Klebs-Loffler types in the throat. This,
and the knowledge that the majority have the ssme in-
fection in the intestine, results in a long acquired
immunity which is sufficient to account for the ab-
sence of acnte dinhtheria. It is however admitted
that relative isolation has & bearing upon this free-
dom. The pathogenesis of diphtheria and carriers of
the orgemism in relation to the development of mental
disorder is discussed, and its probeble influence up-
on Public Health work mentioned. The results of es-
tablishing the relationship of diphtheria and allied
infections to mental disorders is mentioned as ulimate-
ly leading to the recognition of the latent stage of
the disease, and also to the association in the lay
ming of the dread word, insanity, with a well-known
acute physical disease. This, it is hoped, will
88sist in effecting early diagnosis and treatment on
medical and psychotherapeutic lines.

SECTION XI. The diagnostic survey, its influence on

treatment, medical and psychotherapeutic. In this
section reference is made to the psychological as-
pects of mental disorder as they would appear to be
affected bty the method of diagnostic survey with its
greet scope for instituting medical treatment based
on retiongl lines. The great importance of psycho-
therapy is stressed but it is mentioned that its
value can be enhanced if those who practise it will

seek fuller co-operation with the scientist and
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physician. The writer maintains that the place of
psychotherapy in the scheme of treatment will be
changed to the time of convelescence after the wesk-
ening effects of serious physical illness, this being
to the advantage of both patient and psychotherapist
alike, The task of mental rehabilitetion and the
correction of abnormal psychic processes would appear
to be more rational at this stage than labouring with
patients who cannot, or will not, give their co-opera-
tion on account of the underlying physical disesse.
The absence of true physical symptomatology in insan-
ity is made the justification for the sdoption of the
diegnostic survey as o means of diagnosis and treat-
ment. The writer refers to his experiences and re-
sults in this direction as Jjustifying the amount of
time &nd patience recuired. Leference is also made
to child-psychology and the importance of this field
of psychotherapy, the writer however maintaining thet
the somatic or physical aspects must not be overlooked
if failures are to be avoided.

SECTION XII. Conclusions.

SECTION XIII. Sumnmary of demonstration slides and

cases illustrating the types of anaerobic Klebs-
Loffler bacillus, enaerobic diphtheroid and leptothrix

infections.
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