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Diagram showing the relation of five affecled
families to the infected ship s.s. Dryad al Leith.
The five Fathers are indsicated as Fi, by, MMy, Ly, O,
and the cases of meningitis in their Families as
FT,M M U, O. The lelters surrounded by
squares, Uy, Us, 05, 07, indicale individuals "in
Whose naso-pharynxthe meningococcus was found;

inthe others it was sought for, bul nol discovered.

(see h.19)



EPIDEMIC CEREBRO-SPINAL MENINGITIS,

The present thesis has in view to give a resume
of Cerebro=-spinal fever with a short account of the
epidemic in 1907 at Leith and of a number of cases
which came under the writer's perscnal observation
at that time, together with some original work done by
him as a small contribution to the question of the man

ner in which the disease spreads,

History of Outbreaks of the Disease

Hirsch traces this disease back to the beginning
of the nineteenth century (before which time it was
probably confounded with typhus fever) and finds that
during the past century 1t has appeared in a series of
severe outhreaks becoming sporadic in the intervals,
These outbreaks he divides into four distinct periods,

The first of these periods extended from 1805 to
1830 and while the outbreaks in Europe were compara-
tively limited, appearing at Genoa (1805), at Grenoble
and Paris (1814), Metz (1815), Genoa (1815), and in
the North of England (1830), on the other hand in the
United States there was a widespread epidemic in the
Western States, Kentucky and Ohio (1808), and in the
New England States (1814-16),

The second period of the disease lasted from 1837
to 1850, Beginning apparently separately in the S.W,

and 5,E, of France, it spread especially and with




disastrous effect among the garrisons of that country
until about 1842 when it subsided, TFrom 1846 to 1850
another series of garrison epidemics took place in
the Bastern part of France and at Paris and Orleans,
In Algiers also there was a severe epidemic (1840-1847)
but the central parts of France were not much affected
at any time, In the latter part of this period the
disease spread to other countries; thus Italy and
Sicily suffered from 1840 to 1845, Demmark and Iceland
1845-1848, and some of the towns of Ireland (especial-
ly as a workhouse epidemic) in 1846, Towards the end
of the period it again appeared in the United States
particularly in the Western and Southern States and
in Pennsylvania (1848 ) and New Orleans (1850),

The third period from 1854 to 1874 saw the North-
ern countries of Europe chiefly affected, ‘'The disease
broke out first at Gothenburz in 1854 and spread
north through Sweden in the following year causing out
breaks of a very fatal character in this country until
1858, 1In 1861 Portugal was affected, In 1863 the dis
ease broke out in Silesia, and spread widely through-
out, Prussia, Pomerania, Saxony and the other States of
Northern Germany, ILater in 1864 it attacked South
Germany beginning in this year at Erlangen and Nurem-
burg and spreading throughout Bavaria, Baden and
Hesse, After 1866 the outbreaks began to die down in

Germany., Russia was severely affected in various




parts such as the Crimea in 1867 and 1868, Ireland
again had an epidemic at Dublin in 1866 and 1867,
while there were a few small outbreaks in England of
no great importance, The United States for a third
time suffered severely, Beginning in North Carolina
and New York State (1856 to 1857) it spread widely
amonz the troops during the war of the Rebellion in
1861 to 1863 and was afterwards distributed practic-
ally over the whole extent of the States forming an
important cause of the general mortality until 1874,
The fourth period from 1876 to the present is
one of comparative quiescence except towards its close
It has been characterised by curiously limited but se-
vere and fatal outbreaks, 1In England, cases occurred
in the Midlands, at Oxford and Birmingham (1876); in
1877 and 1878 there was an outbreak in Dundee; and
in 1878 several cases appeared in Dublin, Dublin
was again visited by a more serious epidemic in 1885
when fifty-two deaths occurred, chiefly among the wells
to-do classes, Other cases occurred at Galston near
Kilmarnock in 1884, at Aberdeen in 1885, and near
Faversham in 1886, In 1890 a widespread outbreak oc~
curred among the villages of Norfolk and Suffolk, and
ten years later, in 1900, there was yet another out-
break at Dublin, In 1905 the disease appeared in the
United States again beginning with a severe epidemic

in New York, and in the succeeding three years various




seaport towns of Britain, e.,g, Belfast, Glasgow,
Teith, were seriously affected, In the following
pages an account will be given of the epidemic which
lasted throughout 1907 in Edinburgh and Leith so far |

as it concerns the latter town,

Bacteriology of the Disease.

Notwithstanding that the disease has been known
since 1805 it was not till 1887 that Weichselbaum de-
scribed the organism to which he gave the name of the

Diplococcus intracellularis meningitidis and which

subsequent observers have confirmed as the cause of
the malady. The first communication of Weichselbaum |
dealt with eight cases of cerebro-spinal fever, in two
of which the pneumococcus seems to have been present,
while in the remaining six the organism under present
discussion was first described, He gave to it the
name of 'intracellularis' because it was chiefly found
in the cells of the exudate, described it as a diplo-

coccus in which each member cf the pair was flattened ‘

by their mutual apposition, which did not retain Gram's

stain, and which he was able to cultivate on various |
|

media, such as agar, blood serum, and bouwillen, Growt#
took place at 37° C. but not at 20°C, Cultures were =
found to retain their vitality only for about six days|
and therefore sub-culture on fresh medium was recom- |

mended every second day, Weichselbaum found that the




| mice, guinea-pigs, rabbits, and dogs, Intraperiton-

| eal and intraplewral inoculations proved fatal in mice

organism was pathogenic to certain animals, such as

and guinea-pigs, while in three dogs Weichselbaum was

able by intradural injection to produce a lepto=- and

pachymeningitis, At a later period Bettem€Court and |
Franga attempted without success to infect monkeys l
both by injection and by rubbing the nasal mucous |
membrane with cultures of the organism, though at a

later date this was achieved by Flexner and others,

After ite first description by Weichselbaum this
|

' organism was a good deal confused with the pneumo~-coc-|

| in the district of Georges Creek in 1893 and affected

i

cus, Thus in 1890 NWetter in a paper upon the pneumo= |
coccus expressed the opinior that this organism was é
especially the cauvuse of epidemic cerebro=-spiral menin-
gitis, TFour years later Flexner and Barker reporting

upon an epidemic of meningitis, which had broken ocut

some 200 cases, came to the conclusion that at least
in a few of these cases that they had examined, the
pneumo=coccus was responsible for the disease, They
were of opinion that the poor health of the community
living in this district, which was a very insanitary
one, was largely responsible for the outhreak,

Again in 1895 Jaeger describing the occurrence of
some cases in the Cerman army, noted differences be-

tweern the organism he feund and that described by




Weichselbauvm, The chief points of variation were
firstly, that the organism sometimes cccurred in
chains, secondly, that in culture it was Gram-positive,

and thirdly, that it was sometimes capsulated, In

1896 Heuvbner followed Jaeger with regard to confirming

| the Gram-positive character and produced a typical

meningltis in a goat by means of one of these organisms,
The question was greatly discussed in the next

few years, some observers siding with Jaeger as to the

Gram-positive appearance, others with Welchselbaum, e,g.

Lt

Kiefer (1896), Kister (1896), Kischensky (18%96),Fronz
(1897), while some described organisms that took up |

an intermediate position and were sometimes Gram-posi;

| tive, sometimes Gram-negative, The question had been

i complicated before the discovery of WelchselbaumSlMerd re

L

:go—coccus by the records of several observers, e,g,
Foa and Bordoni-Uffreduzzi (18865;1888) who showed that
the pneumo~-ccccus might be the cause of both primanyaﬂd
secondary meningitis, DBonome in 1890 described a
"streptococcus meningitidis" which was however soon
recognised to be simply a varietylof the pneuvmo-coccus,
The same fate for some years overtcok the diplococcus
meningitidis, and it was not till 1902 that the liter-

ature dealing with the two organisms was reviewed un=-

der separate headings in Baumgarten's Jahresbericht,

In 1898 Councilman,mallory)and Wright reported

upon an outbreak of the disease in Boston, and from




and slower in development than the epidemic cases,

7,

35 cases examined found the diplococccus meningitidis

in all but four, They found the pneumecccccus seven

times asscocleted with the meningo-coccus and this in .
part explained the variety in staining power which !
earlier observers had noticed, Streptococei and
staphylococcl were also occaslonally seen but these
were attributed to terminal infections.. They found
the organism fedly pathogenic to animals but produced
typical meningitis by intraspinal injection in a goat,
Also in 1898 an important contribution was made

to cur knowledge of the subject by Still who pursued

researches into the cause ofposterior basic meningitis

a disease occurring among infants below two years of
age in the earlier months of the year, This disease
had been described by Gee and Barlowr twenty years be-

fore, and Still was now able to demonstrate and cul-

tivate the cauvsative organism which he fcund to be

similar to,but slightly different from,the meningo-

coccus described by Weichselbaum, These posterior

basal meningitis cases are, as a rule, more prolonged

though some of the latter extend to many weeks, The

organism described by Still is alsc more resistant and
possesses greater viabllity than that of Weichselbaum,
growing too in more opaque colonies upon culture media,
In this type of disease the inflammatiorn limits itself
to the posterior part of the base of the brain as theE




' oidal lobes, At an early stage the exudate, though

primary seat of inflammation in the majority of cases,
and spreads thence in a varying degree down the cord,
vpwards into the ventricles and ferwards over the base

|

to the optic commissure and tips of the temporo-sphen-

circumscribed, is purulent; and, while it may be ab-

gorbed later on, it leaves adhesions, These adhesions
may obliterate the fourth ventricle and foramen of
Magendie and so bring on hydrocephalus, O©Cn the cord
all stages and degrees of purulent lepto-meningitis
are met, Sometimes it is covered throughout by a
sheet of purulent, gelatinous exudate and the roots of
the canda equina may be matted together by a similar
material, Sometimes this occurs in patches, and some-

times absorpticn has taken place sc that only adhesions

between the dura and pia mater are left, These appear
ances are just those that we have observed in some of
the long-standing cases of epidemic cerebro-spinal
meningitis that came to post mortem examination in the
Leith epidemic, Clinical observations by Koplik sup=-
port the view that the so-called posterior basic men-
ingitis is simply an attenuated form of epidemic
cerebro~epinal meningitis, while various transition
stages in the characters of the organism have been de=
8cribed, as will be stated later. These two types of
the disease are now generally regarded as simple

varleties of one malady, both as concerns their




clinical features and their cause, This may be summed

| up as in a recent pronouncement upon the subject by

| Koplik that %"cases of posterior basic meningitis of

the type described by Gee, Barlowr, Lees, and Still
may occur in epidemics and are due to the same essen-
tial cause as the form of the disease in older chil-
dren and adults, In fact it would appear that in the
majority of children attacked by cerebro-spinal menin-

gitis below the age of two years, both in epidemics

and sporadic instances, the disease takes the form de-|
scribed by these avthors", It may therefore be regard-
ed as established that so-called "posterior basic
meningitis® is simply one variety of acute cerebro-
spinal meningitis and that its organism is a variety
of the dipleococcus of Welchselbaum which, as will be
stated later, presents at times considerable diverg- |
ences from type as regards cultural and staining char-
acters,

In 1901 and 1903 Albrecht and Ghon placed the

meningo~coccus upon a firm basis, confirming Weichsel- |
7

baum's original observations; and in the same year

Jaeger published a monograph "Die Cerebro-Spinalmenin-
gitis als Heereseuche" in which he to a large extent
departed from his previcus position, abandoning, as
the resvlt of studying more cases, the ideas that thei
organism has a capsule and that it occurs in long

chains,
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In 1903 Betten Court and Franga found during an
epidemic in Portugal that an overwhelmingly large
proportion of the cases were due to the meningococcuag
(270 cases due to this organism and 3 cases to otherai.

In 1905 von Lingelsheim in reporting upon a wide-
spread epldemic in Germany found the organism conaiat%

ently Gram-negative,

In 1907 Flexner produced important experimental |
results from his study of the organism, Injecticns i
of cultures of the meningococcus intc the spinal can-
al of apes produced death in 15 to 40 hours, with punc
tiform haemorrhages on the surface of the brain and

cord in the earlier cases and leucoecytic infiltration
along the vessels in the later ones, He further dis-

covered the important and curiouvs fact that meningo-

coccl were to be found in these cases in leucocytes

of the nasal mucous membrane, It thus appeared that
i

the cocel might pass or be carried from brain to nose |

presumably by way of the lymphatics, and this affords

a prima facie probability to the fact which we shall

discuss later that they may, in persons who become

affected by the disease, pass in the reverse direction
from nose to brain and so produce their pathogenic |
effects, Flexner found that animals which recover af:
ter experimental infection with this disease mostly

do sc within three or feur days of the onset, He al-

8¢ has elaborated a serum which will be discussed

later,
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In the saﬁéJﬁéér Macdonéld studied the organism
as it occurred in the Edinburgh epidemic of the time
and found it to conform to most of the characters
which Welchselbaum had previously described; yet in
three instances he found a Gram=positive reaction and
in one a development of short chains out of fifty
strains of the meningococcus,

Although the opinion of Jaeger and Heubner had
been mainly abandoned as the result of Albrecht and
Ghon's work, we still find that Lehmann and Neumann in
1907 isolated strains of the meningococcus which, al-
though originally Gram-negative, after repeated cul-
ture became CGram-positive, thus suvbstantiating obser-
vations recorded by Lepiérre in 1903, Kob in 1905, |
Castellani in 1905, Weyl in 1905, and Vansteenberghe
and Grysex in 1906,

In 1908 Ritchie and Shennan, as the result of

studying the organism in 27 cases, found the meningo-

coccus consistently Gram-negative, although after be-

ing grown in fluid media the strain was somewhat lessf
resistant than those grown on solid media, l

With regard to the frequency with which the menin
gococcus has been found as the cause of the disease in
recent epidemics, Faber in 1900 found it in 87 per
cent of cases, Cochez and Lemaire in 1902 in 88 per
cent, Schottmiller in 1905 in 87,7 per cent, von
Lingelsheim in 1906 in 64,6 per cent, Ritchie and

Shennan in 85,7 per cent,
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Methods of Culture and Study of the Meningococcus

|
|
|
atostet ;
The culture media employed by Weichselbaum have
been already alluded to, In 1907 Gordon, reporting to
the Tocal Goverrment Board on the micrococcus of Epi-
demic Cerebro-Spinal Meningitis and its identificationh

proposed certain media and methods and these were in

the main followed in our investigations,

Whether in the investigation of swabs from the

nago~pharynx or of lumbar puncture fluid, the original
|

growth was made upon sloped tubes or plates of blood-F

agar or ascitic-fluid agar or ovarian-fluid agar (in
the latter cases 1 of the ascitic or ovarian fluid to\
about 4 of agar), On the second or third day of in-

cubation a2t 37° any organisms resembling the meningo-
ccccus were subcultured upon fresh tubes of blcod-agar

or ascitic agar, After a series of three or four sub-

cultures had thus been made in the case of organisms
from the naso-pharynx, the desired organism was usual-!
ly obtained pure, These media were fouﬁd more conven-
ient than the nasgar medium recommended by Gordon,and
as they gave equally good or better growths were used
instead, It should be observed here that in making

cultures at post-mortem examinations disappointment

was several times experienced in getting a growth from

i

the thick gelatinous exudate, organisms being much mor

frequently found in a viable state in the thin sero-
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purulent material around the nervous system,

Identification of Colecnies:- At the end of 24

nours' growth upon ascitic fluid agar at 37° C, the |
colonies of the meningococcus appear as round colour-
less translucent discs of 1 to 2 mm, breadth, The sunr
face is moist and glistening and the edges thin and
regular, On examination through a lens the centre of
the colony is found to be rather thicker than the edge
and to have a finely granular appearance and faintly |
yellowish or brownish colour, The colonies are read-
ily broken up when touched with the platinum needle |
and do not dislcdge 'en masse' like those of some of
the saprophytic nasal diplococci of a hardier more
tenacicus growth which can be pushed about over the
surface of the medium,

At the end of 48 hours the colcnies are larger
being 4 or 5 mm, in diameter and somewhat more opaque
in appearance at the central part, Under the lens the
centre is found slightly yellcwish or brownish in col-
cur and granular in appearance, while the spreading
aﬁd somewhat wavy edge is still quite transparent,
The colonies never become distinctly yellow to the
naked eye like some of the saprophytic diplococci,
Radiating streaks are often visible,

At the end of "2 hours the growth has become a.l-i
most stationary though the centres of the colonies

may have become sSomewhat thicker and darker, The edge
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is also more distinet and forms a kind of hale round |
the central less translucent part, In the condensa-
tion water a fine pellicle develops and laterziedrop :
of water becomes turbid,

Vitality:- 1In several instances subculture was
found to be impossible from a culture of a week old/ |
and thoﬁgh some observers have obtained growths afteri
the lapse of three months, we failed in any case to |
propagate the meningococcus from a tube after six
weeks' growth, It seems as if the degree of ianiSBaT

connection,for cultures in the case of which evapora-

tion of the medium were an dmportant point in this

tion was prevented seemed to retain their vitality
longer than in tubes not so protected,

Reaction to Carbohydrateg:- The method of test-

ing the growth in sugar-containing media which we
adopted for routine examination was to add to a tube
containing sterilized bouillon one fourth of its bulk
of ascitic fluid and one per cent of sterile sugar
and litmus, The tubes S0 prepared were tested by 24
hours' incubation at 37° C, before use,

The sugars which have been tested by other ob-
servers, e,g, von Lingelsheim (1906), Gordon (1907),

Goodwin and von Sholly (190%), Symmers (1907), and
Ritchie and Shennan (1908) are glucose, laevulose,
galactose, saccharose, maltose, lactose, dulcite,

mannite, raffinose, dextrin, and inulin,
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Generally speaking the meningococcus fails to
ferment any of these except gluccse and maltose with |
occasionally galactose and dextrin, In fermenting i
glucose and maltoge it differs from the micrococcus i
catarrhalis which is negative for both of these sug- !
ars; while it is differentiated from the closely sim-
iler diplococcus gonorrhoeae by the fact that the lat-

ter is positive with galactose and negative with mal-

tose., As the dquestion of the presence of the gono-

| coccus did not enter into our investigations on the
naso-pharynx, and as the behaviour towards glucose
forms a sufficient differentiation from the microeocw‘
cus catarrhalis, we confined our observaticns so far
as carbohydrate reascticn is concerned to the action |

| upon glucose of the organisms that were isolated,

Reaction to Gram's Stain:- Notwithstanding the
discrepancy of opinion whiéh we have mentioned as oc-
curring in the past in regard to the behaviour of the
organism to Gram's Stain, and despite the fact that l
in 0l1d cultures we twice found that occasional organ-l
isms retained the stain while it was discharged gener

- ally from the film, we nevertheless accepted the menin-

gococcus as being negative to Gram's stain, We there-
fore excluded as being other organisms those which re-
tained the stain,

Agglutination Tests:- We saw a considerable |

|
amount of work done by Jehle at the Anna Kinder Spital



16,

in Vienna upon the use of antimeningococcal serum in ;

recognizing the meningococcus by its agglutination,

In his hands its use appeared to be moderately success-

ful but we decided not to continue its use in view of
the doubts cast upon the value of the method by Gordo&
(1907), Durham (1906), and Goodwin and von Sholly (1906
Ritchie and Shennan (1908) alsc using nine strains of
known meningococci in combinaticn with twe sera pre-

rared from patients and one commercial serum found a

great degree of variability, some strains reacting
while others failed to do so,

We therefore depended for the recognition of the
meningococcus upon the appearancesof the colonies to
the eye and under the lens, the morphological charac- |
ters of the organism, its behaviocur towards Gram's |
stain, and the result of its growth upon glucose-lit-

mus media,

)s
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Investigations upon the Mode of Spread of !

Epidemic Cerebro-Spinal Meninzitis,

The idea of carrying out an investigation upon
the subject of meningococcus carriers was suggested by
reading papers of Ludwig Jehle upon the epidemiology
of the disease in Silesia and the Rhine coal districts,
He concluded that cerebro=-spinal fever is not 1like
other infectious diseases in its mode of spreading and|
that children may be largely excluded as infection
fbearers, On the other hand he pointed out that miners
make good carriers of infection, as they fredguently
suffer from chronic rhinitis and pharyngitis and are
in the habit of constantly hawking and spitting and
frequently use the same tools and drinking vessels in

the mines, On the return of the miner to his home the

éhildren might become affected by kissing, or using
the same drinking vessels as the father, or, in the !
case of very young children, by crawling about on the
Ifloor on which the miner had expectorated,

| Our own researches were the first upon the subject
in this country, and, while the subject is still in a
doubtful state as regards the paths by which the or=-
ganism reaches the meninges, we believe that, as one
of the chief means of spread from person to person,
the occurrence of the meningococcus carrier is now re-
garded as of the first importance, The investigation

of this subject was done in conjunction with Dr, J, S.
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Fraser, the bacterilological part being entirely the
work of the present writer,

We eé@ined the naso-pharynx in 13 cases of the
| disease and in 69 persons coming into intimate contact
with these cases, The meningococcus was present in 2
of the 13 cases (15 per cent), and in 10 of the 69
contacts (14 per cent), Of these 69 contacts, 15 were
fathers of cases, the remaining 54 including mothers,
brothers, sisters and other persons whc had all been
in intimate contact with the cases, Five of the per-
sons in whose naso-pharynx we found the meningococcus
| were among the 15 fathers, the other 5 fell into the
group of 54 contacts, Thus while we found the organ=
ism in 33 per cent of the fathers of cases, among other
contacts having apparently quite as close intercourse
with the patients we discovered it only in 9 per cent,
EThe fathers appear therefore especially prone to nave
the meningococcus in the naso-pharynx although they
do not themselves contract the disease,

The method of obtaining the secretion from the

-

| naso-pharynx was by means of a long platinum loop ster
iiized immediately before introduction, By the help of
2 forechead mirror and sterilized nasal speculum this
was introduced into the naso-pharynx, and the greatest
care was taken in withdrawing it to avoid touching the
:vestibule of the nose, The secretion was immediately

Smeared over the surface of sloped blcod=-agar or
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ascitic agar tubes which were in all cases placed in
the incubator within one hour, The resulting growth

was examined in the manner described above,

Inquiring into the employments of the various
5

fathers we found that 5 of the 15 examined were engag-
ed in overhauling a ship (S.S., Dryad) at the docks,
and on exposing Petri dishes containing Ascitic agar
in various parts of the ship below decks, we found the|
meningococcus in the air of the engine=-room, The re-
lation of this shdp to 5 of the affected families is
shown by the diagram,

We found Gram-negative diplccocci in the nago-

pharynx of several other fathers of cases but were un-

able to isolate them so as to apply the tests for veri

fication as the meningococcus,

We examined the naso-pharynx also in 23 controls,
who had no connection with the disease and failed to
find the meningococcus in any of them,

A sumary of the results is presented in Table I
which gives the cases and the number of contacts with

each, indicates in how many of the cases the diagnosis

was confirmed by lumbar puncture and examination of th?
cerebro=-spinal fluid for the meningococcus, and in thei
last column gives the results of the search for the E

meningococcus in the naso=-pharynx,
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giving a general view of the examination of the naso-

pharynx in Teith cases and contacts

- a negative result;

o that the naso-pharynx was not examined,

-+ means a positive result;
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Corroborative Evidence as to the Importance

of Meningococcus Carriers,

Various other observers, since the time when the
writer's researches were published, have produced cor-
roborative evidence on the importance of the naso=-phan-
ynx as a lurking place of the meningococci,

Thus Bochalli investigating the contacts with
cases that occurred in barracks found numerous persond
who carried the coccus in the naso-pharynx without
themselves suffering from the disease, Similarly von
Lingelsheim found this organism both in the sick and
in those around them, and Selter, out of 26 persons
coming into contact with cases, found the coccus in
no less than 8 carriers,

As to the length of time that the meningococcus
may remain in the naso-pharynx, Ghon was able to re-
cover them after a period of five months, Selter found
the organisms in the naso=-pharynx of a mother and
daughter affected by a prolonged form of cerebro-spin-
al meningitis four months after the onset of the dis=-
ease, In the case of persons actually suffering from
the disease howeve{)the experience of Flexner in
apes experimentally infected in the central nervous
system and showing in the nasal cavities meningococeci
which had passed outwards, must be borne in mind,

The fact that small houses are those from which

cases of the disease are chiefly drawn while it might




support other theories equally well, is in complete
accord with the idea of infection from the air pass-
ages of one person to those of another, Thus in Leith
the crowded nature of the houses of the patients is

shown by the following table:-

Number of l-roomed houses involved 15
L] n o n " ] 44
" "z " u " 3
L W 4 " " n 5
" "5 " " " o
i " og " " i A

During the 1907 epidemic several villages in Ian=+
arkshire were affected and the following two instances
are quoted by TLewis Thomson as corroborative of infec-
tion by carriers:-

"A boy S,.,sickened on February 21st and died after

7111ness. The parents visited the house of

four days
a relative in a neighbouring village four miles away
on March 3rd, On the following day the baby in this |
house sickened and died on the 6th, This was the firit
case in the village and Mrs S, had been fondling the
child a good deal,"

"A baby sickened on February 24th and was remov-
ed to hospital on March 2nd and an aunt who had help-
ed to nurse him returned to her home in another vill-
age, She was intimate with a family living a few

doors away, In this family a baby, whom she often
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fondled, sickened on April 4th, This again was the
first case in the village,"
Many other cases such as these might be cited

from the literature of the subject, €. 9. {] Bw
Disicankt £ Pallsl ) ve ..
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Method of FEntrance of Meningococcus into

the Nervous System, |

Comparative Ages of Brain and Cord Lesions:- In sup-

vort of the theory that the meningococcus makes its |
way from the alimentary system, by which it enters the|
body, into the lymphatics of the trunk and so into the;
cord, and subsequently to the brain, the fact is gener%
ally adduced that the lesion of the cord is older than|
that of the brain, While it is impossible to draw any

decided inference from the examination of fifteen cases,

we would point to the fact that in two of the cases (V¥

recorded on page and page the changes in the I

brain were obviously earlier than those present in the |
cord, While therefore it may be that some cases are
characterised by a primary infection of the cord, thers
is at least prima facie evidence that in others the
brain is first affected,

It should be stated that some clinical facts have
been adduced in favour of the theory that infection is
carried by the food and enters the central nervous sys-
tem by way of the cord, TFowler and Stuart Macdonald,
in supporting this theory, found their argument mainly
6n the following statements,

1, The cord lesion ieg of longer standing than
and therefore antecedent to the brain lesion,

2. The abolition of the abdominal reflex at an

early age suggests spinal involvement,
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3, The retention of the mental faculties is in
many cases characteristic thus freeing the brain of
early involvement,

4, Breast fed infants were nct in their series
| of cases affected, |

With regard toc the first ccﬁtention, we have founa
as already stated, that it is not always the case,

The abdominal reflex is notoricusly slight and diffi-
cult tc elicit and when the sensibility is dulled and
all the superficial reflexes diminished as they are in
this disease, it might readily occwr that the abdomin-
al reflex is abclished or so slight as to escape not=-
ice. without the necessity of supposing any special in=-
volvement of that part of the cord with which it is
connected, With regard tec the mental faculties, they
are often retained long after the headache and other
symptoms have shown that the head is affected, and on
the other hand, the first sign of the disease is, in
many of the 25 clinical cases quoted later, unconscious-
ness, showing that the brain is affected from the first,

7
Lymphatic Connections of Brain and Nose:-  Schwalbe,

¥ay and Retzius have shown that the lymphatics of the
nose can be infected from the cranial cavity;and the

work of Flexner already mentioned proves that organisms
vass along these channels, The writer succeeded read-|
1ly at post mortem examinations in making a mixture of:

Jelly and methylene blue pass under pressure from the

Submucous tissue high up in the nose through the
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|
|

. ethmoid plate and appear in the cranial cavity, The
possibility of the passage of organisms from nose tc
sub=dural space by the lymphatics must therefecre be
admitted,

Anothér point at which the nasal and cranial cav-
ities come clesely into relation with one ancther is
through the posterior wall of the sphenoidal sinuses
formed by the basisphencid, On turning to the liter-
ature on this subject it appeared that practically no
research had been done with regard to disco%?nx to
what extent the mucous membrane of these sinuses is
inflamed or otherwise rendered suitable for the pass-
age : of organisms in the average person, Accordingly
the writer undertock the preparation of microscope sec~
tione from 5C cases of sphencidal sinus mucous membrane
obtained post mortem, in the microscopic examination of
which hée has to acknowledge the valuable co-cperation
ot hr, J.8. Frasef, Assistant Surgeon of the Ear, Nose
and Throat Department, Royal Infirmary, We found the
presence,on one or both sideB;of glight catarrhal
changes in the mucosa in 17 cases (34 per cent) and ef
a marked inflammatory condition in 3 cases, The muc-
ous membrane of these sinuses is therefore in a fit
state in one third of all persons to become infected by
Such an organism as the meningococcus which may from if
invade the cranial cavity and set up meningitis,

The following table gives the results of our ex-

amination in detail:-
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Results of Microsopic Examination of Sphenoidal Cell

Case

1T Koy

A
3- J-n cu-,f-
4, W, L, ,m

5.J-M. ,m.
6.C.B. ,m.
7.M.H. f.
BCJCMt ,Iﬂ.
9.7.8. ,m.
10.7.R. ,m.

Age

71
40

45

68

33

54

73

70

58

Mucous Membrane,

Cause of Right Left
Death Sphenocidal Sphencidal
Sinus Sinus

Gangrene Normal Normal; goblet
of leg. cells + .

Aortic and Normal Normal; goblet
mitral cells +,
disease,

Pneumonia Normal Great oedema o]
submucosa;
cells of muco
membrane most
1y goblet cel
superficial
layer lost in
places; very
little small
cell infil-
tration,

Cirrhotic Great loss Characters sin

kidney. of superfi- 1lar; great

OEdema of cial cells; oedema.

brain. small-cell

infiltration
of submuceosa
and mucous
membrane;
vessels dis-
tended;
basement
membrane
tnick and
eroded.

Miliary Normal. Normal.

tuberculo-

8is;

Tuberculous Normal. Normal; mucoy

meningitis. glands in sub
mucosa numer-
ous.

Cerebral Normal. Normal.

haemors-

rage.

Accident. Normal. Normal; numer
ous mucous
glands,.

Atheroma of Normal. Normal; numer

cerebral ous mucous

vessels, glands.

Cerebral .. Normal. Normal.

haemorrhage.

18,

3i-

1S

1




Case

11.E.C.

2 .R.N.

|23.A.R.

14.7.7.

15.7.F.

6.M.8.

17.A.R.

18.7. 7.

19.R.M.

Age
£. 65
. 60
£. 13
E. 42
. 60
£. 9
1m‘ 5?
St =70
£. 49

Cause of
Deathn

Cancer of
stomach.
Ulcerative
endocardi-

tis.

Acute tuber-

culous hron-
Clo-pneumo-
nia.

Spleno-med-
ullary leuk-
aemia.

Cardiac
failure,

Burns ;
carditis.

Chronic
Brignht's
disease; ur-
aemia.

Rignht
Sphenoidal
Sinus

Normal.

Normal;

muc ous
glands
numerous .

Normal,

mucous
glands
numerous .

Normal;

goblet.
cells+.

Normal.

endo- Slight

small-cel-
led infil-
tration,
oedema,
mucous
glands
nunerous.

Normal.

Acute lobar Sligat

pneumonia.

oedema of
submucosa;
mucous
membrane
quite
healthy.

Scirrhus of OFdema,

breast.

congestion,
infiltra-
tion with
leucocytes;
basement
membrane
thickened;
mucous mem-
brane rag-
ged.

Left
Spnenoidal
Sinus
Normal; goblet
cells+t,
Normal; mucous
glands numerous.
Normal; mucoys
glands numerous.

OEdema of sub-
mucosa; much
small-celled
infiltration
around glands
goblet cells+

Normal; numer
ous mucous
glands.

OEdema of sub-
mucosa; small
celled infil-
tration; con-
gestion and
haemorrhages.

.

Normal.

Normal.

OEdema; congesi-
tion; infiltrja-
tion of mucous
membrane with
thickened basie-
ment membrane.




Case

20.W.F.

T S
22.M.8.
2%.P.M.
24.1.W.

O\

N ro
> ey

27009,
28.R.L.

29.M.8.

30.F.M.

7,30 B ey

32.7.X.

Age
a9
. 23
1f' 39
,m. 74
£. 35
Lo 48
L. 50
m. 55
,m. 45
£. 37
. 54
,m. 40
m. 68

,,?7¢,

Cause of
Death

Accident.

Acute menin-
gitis.

Rignt
Sphenoidal
Sinus

Papillae in
mucous mem-
brane; muc-
ous glands
numerous ;
normal,

Normal.

General tuber-Normal.

culosis.
Fracture of

skull.
Fracture of

skull.

Neparitis.

Malignant
disease of
ovary.

Cancer of
liverx.

Bronchopneu-
monia.

Lobar pneu-
monia.

Bronchopneu-
monia.

Normal.

Normal.

Normal.
Slight ocede~
ma of sub-

mucosa,

Normal.

OFEdema of
sSubmucosa

marked; muc- marked, mud-
ous membrane ous membray

healthy.
OFEdema of
submucosa
and dilata-
tion of ves-
sels marked,;

Acute gastro- Normal.

enteritis.

Heart fail-
ure.

goblet cells very great
4+, mucous goblet cell
glands in formation.
submucosa.

Much oedema Some oedema
of submuc- of subnuc-
osa; goblet osa; goblet
cells +. cells much+.

Normal; some
haemorrhage
in submucocsa.

Some small Normal, gob-
celled in- let cells+.
filtration

into subnuc-
osa; mucous
glands pres-
ent; goblet
cells .

Left
Sphenoidal
Sinus

General hae+
morrhage in
submucosa,
due to fraet-
ure. Normal.

Normal.
Normal.
Normal.

Normal, much
haemorrhag
into submuc-
osa.

Normal.
Slight oedema
and conges-
tion of sub-
mucosa; many
goblet cells;
catarrh.

Normal.

OXEdema of
submucosa

e
healthy.
Excessive
oedema of
submucosa ,
with many
haemorrhages;




Case

Age

3%.3.8..m. 50

34 M.H. £. 46

35.W.T. ,m. 36

AN
= O
iy
=iy

38.1.7.

39.J.K. ,

40.7.D.

42
37

54

44

S

0270{_

Cause of
Death

Diabetes ,
broncho-
pneumonia,

Heart fail-
ure.

Acute ence-
phalitis
with oedema
of brain.

Meningitis.
Cerebral hae-

morrhage.

Exophthalmic
goitre,; pe-
ricarditis.

Cerebral
softening;
pneumonia.

Chronic

ease.

Rignt Left
Sphenoidal Sphenoidal
Sinus Sinus,
Normal; muc- Normal.
ous glands
present.

Normal, Superficial
epithelium
generally
healtahy, but
desgquamated
in places;
great oedema
of submucosa
and dense
small cell
infiltra-
tion.

Desquamation Similar to

of superfi- right.
cial epitn-
elium; great
oedema of
submucosa,
dilatation
of blood
spaces; muc-
ous glands
present.
Normal. Normal.
OEdema of OXdema of
suhnucosa, submucosa,;
goblet cells+;
mucous glands
present.

Normal. Normal, gob-
let cells+.

Normal. Slight oede-
wa of sub-
mucosa; goh-
let cells
considerably+

Subnucosa Cavity con-

Bright's dis- shows small- tained a
cell infil- cyst,; gob-
tration. let cells+,
Cavity con-
tained muco-
pus.




Age

Case

41,A.1. ,m. 50

42.R.R, ,m. 34
43 5 8. F, 40
44 R.C.,m. 54

45,7 .8, ,m. 61

46 .M.G.  £,39
47.M.R. ,£,19

48.T.S.,m, 49

49.7.G.,m. 35

50.W.T. ,m. 36

e

Cause of
Death

Meningitis;
ulecsrativs
endocardi-
tis.

Abscess of
brain.
lfania;
of brain.

Purulent lep-

to-meningi-
tis.

Acute conges-
tion of kid-
neys
of brain.

Acute nephri-
tis.
Tuberculous
meningitis,

Agrtic steno-

gisg,

Acute peri-
carditis,

Not known.

ocsdema

osdema

Left

Right
- Spanenoidal Sphenoidal
Sinus Sinus
Goblet Goblet cells
8lls+; much erscti
gedema of tissue.
subnucosa;
blood-ves-
sels en-
gorged and
great amount
of erectile
tissue,
Normal, Normal.

Svbmucosa a
little thic

Normal; muc-
cus glands

numerous, ened and ve
sels dilate
mucous glan
NUMSrous.
Normal. Normal.

lfucous mem- Iucous mem-

brane branes
healthy; healthy,
some oede- some oz2de-
ma of sub- ma and dila
MUCOSE., tation of
vessels in
submucosa,

Normal; gob- Normal; gob-
let cells+. 1let cells+.
Desquamation Similar to

of superfi- xrigat; also
‘clal epi- erectile

thelium in tissue and
places glands pre-

great ozsdema sent.
of submucosa

and nmuch er-
getile tis-

sue.

Normal. Normal;
glands and
erectile ti
sue in sub-
micosa.

Normal, Normal; gob-

let cells+;
erectile ti
sue and gla

Normal; exr-
gctile tis-
sue.

Normal; er-
getile tis-
sue.

P

i._
3—

N

3_
nas,
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Experimental Inoculation of Animals,

A series of rabbits were treated with varioué
| bpacteria including streﬁtobocdi, pneumocecci, and men;
ingocecci, An emulsion oflﬁhe bacteria derived from a
two days' growth upon agar was in some cases wiped
upen, in others inoculated into the submuccus tissue
of the nose, In the case of the pneumccoccus a strain
of low virulence and another strain which had been
rendered highly virulent by passage through three reab-
hits were tried, Our results were, however, incon-
clusive, In Some cases no result cccurred, in others
a2 local inflammation, while in two only was a menin-
gitis set up, The last mentioned result was produced
in the two rabbits by the virulent strain of pneumo-
coceci, but as the animals developed pericarditis in
one case and peritonitis in the other and as the
pneumococcus was recovered from the bleed, the menin-
gitis must be regarded simply as part of a general in-
| fection not dependent upon the site of inoculation be-
ing sitvated in the nose, It must be remembered how-
ever that we were here dealing with a healthy mucous
membrane and not with the catarrhal nasal cavities so

often found in the subjects of cerebro-spinal menin-

gitis,
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Morbid Anatomy and Histolcgy of Cerebro=-Spinal

Meningitis based upon 15 post-rmortems per-

sonally performed,

External Appeararnces:- In cases which terminated very

speedily there has been as a rule no emaciatiocn and
on the contrary the children have appeared to be
well nourished and well develcped,Cases which were
prolenged in a state of semi-conscicusness showed
extreme wasting, In about 60% of all the cases the
purpuric or haemorrhagic rash was a prominent feat-
ure distributed generally on the chest, front of
thighs and front of arms, less commonly and more
Sparsely on the abdomen and back,

Naso-Oro-Pheryvngeal Cavities:- Marked nasal catarrh

was a prominent feature in many of the cases, and
the movth was in some of the advanced cases very fou
though this was no doubt a late infection, Several
attempts were made to isolate the meningococcus,
both in the later stages of life and after death,
but even if it was still present this was not found
possible owing to the presence of other quickly
growing organisms, With regard tc the possibility
that the meningococcus should pass from the nasal
cavity where we found it present in 2 out of 13 ear-
1y cases of the disease examined during life we per+
formed certain researches already mentioned,

Ihorax and Abdomen:- In no case was any large amount
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of fluid either sercus or purulent found in the
pleural or pericardial cavities, nor was there any
peritonitis,

Heart:- In most cases the heart muscle was soft,
flabby, and pale, and the ventricles were dilated
somewhat, YNone of the cases showed endocarditis,

and we failed in several cases in which it was at-

tempted to obtain any growth ¢f meningocceci from

the blood,
Lungg:- The surface in many cases showed minute hae-

morrheges immediately under the pleura, There was
usuwally a considerable amount of muco-purulent ex-
udation in the bronchial tuvbes and the lung tissue |
was congested and oedematous, A definite bronche-
pneumonia was present in about half the cases due
prebably to inspiration of food &c,

Stomach and Intestines:- The whole alimentary canal

was in general healthy but in a few cases there was

Some acute congestion of the small intestine, The

condltion of the mesenteric glands is noted below, [

Liver:- Beyond cloudy swelling which was always pre=-
sent and in some cases fatty change there was nothing
to note,

§Bl§gg:- This organ was constantly somewhat increased
in size and softened showing some enlargement of

the Malpighian bodies; the softening was however

not extreme in any cases as in general septic condi-
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tions,

Kidneys:~ There was generally fairly well-marked
cloudy swelling and congestion of a mild degree, buf
no haemorrhagic nephritis such as described by Coun-
cilman, The ureters and bladder were healthy in all
cases,

Iymphatic Glands:- A striking feature in some of the

cases was the enlargement of lymphatic glands, The
mesenteric glands were found enlarged, firm and hy-
peraemic in a number of cases (about 257); in some
of the cases however the enlargement was due to an
old standing tuberculous lesion with typical tuber-
cle-formation and casecus and calcareous deposits

in several of the glands, A similar condition of
enlargement and hyperaemia in the glands, generally
asscciated with tuberculous changes in some of their
number, has been repeatedly observed by the writer
in the mesenteric glands of children belonging to
the same class as those most affected in this epi-
demic but not suffering from meningitis, and it is
doubtful whether this condition of the glands sheould
be regarded as anything more than a cocincidence in
cases of cerebro-spinal fever, In several of the
children who died of cerebre~spinal fever the cer-
Vical glands were also found enlargedand showed a

condition very similar to that of the mesenteric
glands,

-]i@.!}.'l:- The scalp, skull and dura-mater showed no
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special change except occasionally hyperaemia of thj

last mentioned., The appearances cf the brain varieﬁ

considerably according to the length of time the !

case had lasted; Dbut, generally speaking, the braiﬁ

presented the follewing characters:-

The surface of the brain was greatly congested |

and there was a sero=purulent or fibrino-purulent

exvdation in the depressions of the surface, This
was most evident from the cptic commissure back

over the crura pons and medulla, and in the suled

on the lateral aspect for some distance in front of

and behind the fissure of Rolande, The exudate al-

|
J
faces of the cerebellum, In no case was much exudaﬂe

8c sometimes extended over the upper and under sur-

present in the lengitudinal fissure, Several cases
Showed a condition which is often stated tc be char-
acteristic of pneumoccoccal meningitis, but which in
these cases was associated with an early death due
to the meningococcus, viz: a special collection of

Pus on the gides and vertex of the brain with a much

smaller amount or none at all in the region of the
base, To attempt any naked eye distinction between
Ccases due to the pneumococous and those caused by

the meningococcus is, in the writer's opinion, quite
fallacicus, The exudate was, except in the eariiest|
cases, of a thickﬁtenacioua, gelatinous character

and could only with some difficulty be detached from
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the surface to which it adhereqd,
In two very acute casegs dying within twelve
hours there was intense congesticn of the uprper

part of the brain with a considerable amount of

slightly turbid fluid under the dura and arachnoild,
The cord was in a similar state, and from the fluid!
around both brain and cord the meningococcus was |
readily obtained in films, It did not appear as ifi
the inflammaticn were of an eolder date in the spinal
canal than it was within the cranium, The writer
did not in any of these cases meet with the experi-
ence which has been stated by others that the in-
flammatory changes may be still absent or only slight-
ly marked on the brain although well developed on
the cord, On the cther hand, in Case Y and Case
§51L the very reverse occurred,

In {owrcases dying about the end of the first
week the exudate was well marked, in the sites men-
tionea above, and formed in some cases a uniform
greenish-yellow, gelatinous cap spread over all the |
convolutions of the sides and upper surface of the
Cerebrum, In this exudate the meningococcus was
readily obtained, The ventricles often contained a
large quantity of turbid fluid and were considerably
dilated, It was very common to find the purulent
€xudate collected thickly round the 7th and 8th

Nerves and passing out into the internal auditory
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meatus,
In several cases which lasted from two to four

weeks there was a considerable amount of organisa-

tior visible in the form of whitish patches and
strands of fibrous tissue both on the vertex and
more particularly in the reglon of the interpedun-
cular space,

In still older cases plaques of white fibrqus
tissue were met with on the pia mater,

Spinal Cord:- The Pia and Arachnold membrane covering

this was also very densely infiltrated as a rule with

Tibrino~purulent material, In the earliest cases th

w

cord like the brain was acutely congested and bathed
in tufbi@ serous fluid, .In most cases the fibrino-~
purulent exudate was almost uniformly distributed
over the cord being thickest on the postericr sur-
face, and around the posterior nerve roots,

In the long=standing-cases, very little exudate
was found but the dura and arachnoid membranes were
adherent and in places firmly matted together by
8trands of fibrous tissue,

l&E&E&&&_@g{:— In one case of permanent deafness, the
8th nerve was found infiltrated by polymorphonuclear
leucocytes and lymphocytes which penetrated along it
into the internal ear and were found in masses in
the varigus parts of this cavity.

Meroscopic Examination:- The lymphatic glands in a

¢ase of simple, non-tuberculous enlargement, were
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hyperaemic and showed hyperplasia in the cortical
part with dilatation of the lymph sinuses and active
proliferation of the endothelial cells lining the
spaces, The brain in an early case showed much in-
filtration of the perivascular spaces with polymor-
pthonuclear leucocytes and a large admixture of
lymphocytes, and a similar appearance was noted on
section of the cord, Among and within the polymor- |
vhonuclear leucocytes were numerous diplococcl in
various stages of degeneration,

The brain tissue showed minute haemcrrhagés in
some placeg and in others thrombi in the small ves-
gels with areas of softening, In the superficial
exudate, among the polymorphonuclear leucocytes and
lymphocytes were seen the peculiar cells described by
Councilman, in diameter several times that of ordin-
ary leucocytes, having a large vesicular nucleus,
and apparently actively phagocytic for leucocytes and
blood-corpuscles, These are probably derived from
the endothelial cells of the lymph spaces, The

cells of the neuroglia appeared to be increased in

numbers,




Age | Vomiting | Headache |General Uhcg;f_- J;;;;;;;;;;;_lé h;;rs
padue sclousness) rter admission
Case 1 5 Present | Present |Present - 103°
2 o Present - - - 103, 5°
3 9 Present Presgnt Present Presegt 101 ,5°
- 2 Present - - Present '100°
5| 37 Present Present - Pregent 102°
6 7 Present Present - Present 990
7 2 Present | Present |Present Present 101 ,5°
8 | 27 Present | Present - Present 1000
9 | 45 - - - Present 98°
10 4 - Present - Present | 1009
11 | 14 Present Present - - 08,59
12 5 Present Present - Pregent 100 ,5°
13 2 Present Present - Present 990
14 8 - - - Partial 102,59
15 16 Present Present - Partial 98,5°
16 27 Present - Present - 990
17 8 Present | Present Present Delirious 101,50
18 2 Present - Present Partial 99,5¢
19 | 12 Present - Present Partial 105¢
20 4 Present | Present - - 100°
2 | 34 - Pregent |Present - 102°
22 | B Present | Present - - 99,509
23 i - - - Present 101°
= 3 Present | Present - - 100°
25 | 10 Present | Present |Present - 1020

Kernig's

Knee Jerks

Present
Present
Present
Present
?
Present
Present
Present
Present
Present
Present
Marked
Present
Abgent
Present
Ap gent
Marked
Present
Present
Present
Absent
Preseﬁt
Present
Marked
Marked

+
Present

+
Present

+
Present

+

i
Present
Present
Active
Present
Present
Present
Present
Present
Present
Active
Present
Present
Pregent
Present
Present
Present

Active
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5 _PZ_Lan;:.ar_Re_f_ie:;' _I?e_a;-R_et_ra.ction | LB ”n_zrat.ion 'l:;;?_ﬁ;;[;;‘ion of Ooula.l; S ._Deaf_né-ss .TfE;uptior; TR
in first week fere admisslm | pigease Paralysis g
tensor Marked i 1 day 153 days Present None None
? Spasmodic G 4 hours 1 day Present None Present
Flexion Present + 1 day 4 days None None Present
Flexion Absent + 3 days 4 days None None Present
Flexion Ab sent + 1 day 2 days Pupils None Present
uneqgual
Flexion Apsent ? 14 days 30 days None None None
Flexion Absent + 1 day 3 days None None Pregsent
Flexion Slight 257 1 day 22 days Present None Present
Flexion Apsent T 1 day 18 days None Nore |Present
Extensor Present =t 1 day 56 days None Present | None Recovery
at times
Flexion Absent + 1 day 60 days None None ?
2 Present + 2 days 3 days None None Present
Flexion Present + 1 day i 1 day None None None
Flexion Apbsent + 7 days 3 days None None Present
Flexion Avgent i 3 days 44 days None None Present
Flexion Slight 2 4 days 80 days None None None
Flexion Marked + 14 days 97 days None None None Recovery
Flexion Marked + 1 day 1 day None None None
Flexicn Avsent 4= S days 4 days None None Present
Flexion Abgent i 1 day 11 days None Norne Present
Flexion Abgent i 2 days 28 days None None None Recovery
Flexion Absent ? 4 weeks 40 days None None Present
? Ab sent + 1 day 3 days ‘None Nore Present
Flexion Marked + 3 days 7 days None None Present
iritis
° Very marked 1 day 2 days None None Present




CASE 1I.

A,J, aged 5 years,

Admitted:- 30/1/06,

Complaint:- Pain in stomach and head and vomiting
lasting 1 day,

History:- On the day before admission she went back
to bed and vomited freqﬁently during the day and
foliowing night, On the morning of admission to
hospital she became blue and collapsed, complaining

also of pains in the head and stomach,

State on admission:- Child unconscious, crying out

when moved, lips cyanosed and face very pale,

Pulse 160 per minute, Child lies curled up in bed
and refuses to extend legs, Head not retracted,
Kernig's sign well marked. Knee jerks increased,
Plantar reflexes, slight extensor response, Pupils
8lightly contracted and equal,

2/12/06. Child quite incapable of attention when
Bpoken to but cries frequently with a shrill pierc-
ing note, She sleeps only for a few minutes at a
time, then wakens tossing about and grinding her
teeth, Quieted considerably by 5 grain dose of
Chloral Hydrate,

4/12/06, Marked head retraction., Internal strabis-
mus of both eyes, Pulse variés from 140 to 160,

Lumbar puncture obtains a large quantity of turbid

fluid which spurts out under considerable tension,
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Complications: . Complications.

Occastoreal Notes and Pre.s‘crz',vtéons (To be copied - Occastonal Notes and Prescriptions (Io be copied

wito the General EReport ) wito the General Rq;:om?)
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When centrifuged end examined it is found to con=-
tain chiefly large lymphocytes with a great number
of diplocccci giving the reactions of Weichsel-
baum's Diplococcus, Intracellular meningitidis ex-
cept that the reaction to Gram's stain is doubtful,
Some houvrs after the lumbar puncture the child
seemed to be much easier and the temperature fell
from 103° to 101°,

9/12/06, Child lies awake but quite unintelligent,
Cries out when touched, Internal strabismus of
right eye very marked,

11/12/06, Parotitis with swelling of eyelid and gen-
eral cedema of right side of face,

14/12/06, Abscess of parotid burst through right ex-
ternal auditory meatus with discharge of greenish
pus,

20/12/06, The abscess has practically ceased to dis-
charge pus,

28/12/06, Temperature has been normal for six days,
General condition better., Child speaks and some-
times sings to herself, but will not answer ques-
tions and seems to be quite deaf, Levcocytes in
blood 14,000 per c.m, m,

7/1/0%7, Child has been getting a rise of temperature
once every 24 hours, She is quite intelligent and

asks for everything she wants, but is still deaf,
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Yo perforation of either tympanic membrane,

16/1/0%, Lunbar puncture shews clear fluid in which
no organisms are tc be found,

20/1/07. Child greatly frightened with delusions,

22/2/07‘ Tumbar puncture gives slightly opaque fluid
from which there is no growth on blcod agar,

2/4/07, An attack of headache, vomiting and high
temperature,

7/4/07, Iumbar puncture; 50 c.c, of opaque fluid
drawn off under great pressure; many polymorphs,
no organisms,

11/4/07, Child has had headache and delusions again,

2/5/07. The condition of the patient remasined prac-
tically unchanged although she had become progress-
ively more emaciated during all the earlier part of
this year, She died on this date. The body great-
ly emaciated,

3/5/07, Post Mortem Examination:- On opening up of

skull and dura mater the cerebral convolutions were
found to be greatly flattened and the blood vessels
Somewhat congested. There was a very large amount
of turbid cerebro-spinal fluid collected in and
almost entirely limited to the posterior fossa, The
Posterior and under surface of the cerebellum was
found to be somewhat adnerent to the dura. On re-

Moving the brain there was on this part of the
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cerebellum a marked depression filled up by a thick
layer of yellow pus partially organized, This pus
extended in the arachnold around the medulla and
under surface of the pons to as far forwards as the
anterior perforated space, The roots of all the i
cranial nerves were surrounded by pus especially !
the 7th and 8th and the pus passed into the inter-
nal avditory meatus on both sides, The pus did not |
extend up on to the cerebrum nor toc the upper suvr- |
face of the cerebellum,

The spinal cord was soft, the pla arachneid ‘
whitish and thickened and there was a small quantit%
of pus along the whole length of the cord, i
N,B, This case in the distribution of the exudate

corresponded to a case of posterior basic meningitis

CASE II,
G, G, Aged 4,
| Complaint:- Vomiting for a few hours past,
 Admitteq:- 28/12/06,
‘ History:- Iast evening patient felt vaguely ill, but

f

8lept well during the night; to-day she has been

‘ in bed all day, vomiting, and shortly before ad-
|

mission she had a sort of convulsion with general



rigidity and jerking of the limbs,

State on admission:- Child is very pale with lips

blue and is quite unconscious, Pulse very feeble,
breathing rapid; pupils normal, Convulsive seiz-
ures similar tc that mentioned above come on every
few minuvtes and between these the child seems to

sleep, On the back, lower part of abdomen and face

are numerous small bright red or brownish spots
which do not disappear on pressure, Temperature

103.50; Pulse 170; Respirations 60, TLumbar punct:

ure yields: a turbid fluid under high pressure in
which are great numbers of polymorphonuclear leuco-

cytes and coccl arranged in fours which retain the

stain by Gram's method, |

29/12/06, Child quite unconscious, Internal strab- |
ismus of hoth eyes marked, Pupils widely dilated i
especially right. ZKXernig's sign present. EKnee
jerks present., Plantar reflex doubtful, Child
died at 10,30 p.m,

29/12/06, Post Mortem Examination:- Body well nour-

ished but limbs much distorted by rickets, Great

general anasarca.,

Brain: The dura mater was very thick and firmly
adherent over the occiput., The Pia Arachnoid

greatly congested on under surface of cerebellum,

much sero-purulent material along the vessels




L2

and in the interpeduncular space,. The lateral
ventricles were considerably distended by similar

fiuid,

Spinal cord showed a great infiltration of the
pia-arachnecid with sero-purulent fluid especially
on the posterior aspect and around the nerve roots,

Thymus large extending down to the 4th costal
cartilage.

Heart and lungs healthy,

Kidneys and liver healthy,

Spleen large weighing 20 ounces,

Culture made from the brain on agar after 24
hours showed yellowish white tenacious growths re-
sembling staphyiococcus, which upon further
were found to consist of a coccus tending to ad-

here in fours and Gram-rnegative in its staining re-

actions,

CASE III,

: H.D, Aged 9 years,

Admitted:- 11/1/1907,

Complaint:- Pain in back and head with vomiting,
lasting one day,

History:- Child went to school feeling quite well at
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9,30, At 12,30 she had a shivering attack and went!
to bed., Almost at once she began to complain of ‘
pain in her back, later in her head and by 11 p.m, |
she was quite unconscious, ©She was very restless
all night and occasicnally got rigid all over, On
the morning of following day she roused a little
and drank some milk which however she vomited at

once,

State on admigsion:- Child is quite unconscicus, but

i —=

screams occasionally when touched., Head slightly
retracted. Pupils unequal, No ocular paralysis or
spasm, Kernig's sign present; Xknee jerks very
active, Plantar reflex flexion, There is a hae-
morrhagic rash all over the body; some of the spots
being bright red and others brownish; it is espec-!
ially evident on the neck and eyelids, Temperature
101,5; ©Pulse 148; Respirations 32, |

Lumbar Puncture yields about 15 c,c, of very

turbid fluid at very high tension; films of this |
show numbers of polymorphonuclear leucccytes within

vhich the diplococcus intracellularis meningitidis

is very common

N,B, These cocci are rather small but in a culture

upon bleood agar they become very much larger,
14/1/07, Child is much weaker, Rash still very m;rkm

ed, |
| 18/1/07,  Deatn,




.

Post Mortem Examination:- Whole boedy covered with

dark petechial spots especially over the front of
the thighs, chest and upper arms, |

Skull cap much adherent to dura along coronal ‘
and sagittal sutures, Dura is very thick for a :
child, especially in the frontal and occipital re- |
gions,

Brain: There is a considerable amount of pus
along the larger vessels and the large veins are

~greatly distended, The base of the brain shows

similar collections of pus in the sulci and a con=-
siderable amount of blood stained cerebrospinal
fluid in the interpeduncular space, There is a
little pus on the upper surface of the cerebellum,
On section the basal ganglia are scmewhat congested
and there is distension of the lateral ventricles,

Spinal cord, The veins in the spinal canal

are very much congested as alsc are the smll veasefs
in the dura, A peculiar and offensive odour eman-
ates from the spinal canal, The cord is covered by
a thin layer of yellow pus, The diplococcus intra-
cellularis meningitidis was recovered in culture on

blood agar from the pus both of the cord and of the

brain,
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CASE IV, ‘

D.G, aged 2 years.
Admitted:- 11/1/1907, |

Complaint:- Unconsciousness for two days,
History:- On the 8th inst, he would not take his
dinner but lay down to sleep, Since then he has

slept on except that when disturbed he rouses up

sufficiently to cry out., Since 9th inst, he has
vomited up everything he took to drink, |
State on admission:- The child lies in a semi~coma- |

tose state but can be roused up sufficiently to
swallow fluid food, No head retraction; Xernig's
8ign present; knee jerks present; plantar reflex |
flexion, Pupils contracted, No ocular paralysis, I
Leucocytes in blood 28,000, Temperature 100; Ii
Pulse 120; Respirations 36. Lumbar puncture gives
about 15 c,c, of very turbid fluid, in which are
Very many polymorphonuclear leucocytes containing
numbers of the diplococcus intracellularis menin-
gitidis,

13/1/07, Purpuric spots on neck, abdomen, and back, |

| 14/1/07, TLumbar Puncture; about 15 c¢,¢, of fluid
drawn off in which the same diplococcus is abund- |
8tly present, Patient's condition improved after
the lumbay puncture,

17/1/07, Child remains very drowsy all the time but

| does not Seem to nave much pain,
4/2/0n, Child is in the same condition and getting
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thinner, .
|

9/2/07. Child vomits everything he takes and cannot |
retain nutrient enemata. He is very much wasted,
Unconsciousness has passed off, no spasm of any
muscles, no head retraction, Reflexes deep and
superficial are all very difficult to elicit,

12/2/07, Died,

13/2/07, Post Mortem Examination:- Brain: The

dura is very much adherent to the skull in the

neighbourhood of the sutures, There is a consider-

able amount of thin, turbid, serous fluid under-

neath the dura about the base of the brain and in
the spinal canal, and the ventricles are greatly
distended by similar material, Here and there
along the lines of the great vessels is a thicken- ;
ing of‘the arachnoid apparently due to organization
of a previous exudate., In the interpeduncular space
and on the under:-surface of the cerebellum is a
mass of thick greenish-yellow pus of the consistence
of clotted cream, extending out laterally on to the
petrous bones and surrounding the 7th and 8th nerves,
Anteriorly it extends forwards to the optic chiasma,
The whole brain is very soft. The middle ears are
not affected, the right being somewhat catarrhal
only, the left dry.

Spinal cord: In the middle and lower dorsal

regions there is a considerable amount of reddish




R.H, aged 37,

A

Complaint:- Headache and vomiting for one day with a

History:- Patient had felt shivery for several days,

dmitted:- 27/1/1907,

47

gelatinous material in which run many congested |
new formed vessels lying outside the dura, The
dura in the lower dorsal and lumbar regions is
firmly adnerent to the posterior common ligament

of the vertebrae, and is greatly thickened, On

slitting it up one finds the cord covered with

thick pus, similar to that on the base of the brain,
especially in the lumbar region and on the posteriox!'
aspect of the cord, |

Heart pale and cloudy,

Tungs pale but no sign of pneumonia or bron=-

chitis,

Stomach and intestines healthy,

Liver, slight fatty change, and some minute
metastatic abscesses,

Spleen, large, dark, and shows numerous minute
white areas the size of millet seeds apparently meta-

static abscesses,

CASE 1V,

cough for several days before,

but on morning 6f admission he vomited for the first




LYy

time after breakfast, ©Subsequently he was very

drowsy and heavy till about 2 p,m, he became uncon-!

gcious,

State on admission:- He is very restless and groans

constantly but gets quite violent when touched or
moved, No head retraction, ZXernig's sign not de-
finitely present, KXnee jerks exaggerated, Pupils
markedly unequal, right being dilated, left con-
tracted, No spots on body, Leucocytes 29,000,
Temperature 102°. Pulse 100, Respirations 32,

Lumbar Puncture. Only a few drops of very thick

purulent fluid obtained, in which polymorphonuclear
leucocytes are abundant containing the diplococcus

intracellularis meningitidis,

29/1/0%7. Patient died, j
30/1/07, Post Mortem Examination:- Much mottling .

about the sides, hips, and shoulders with spots
ranging in size up to % inch in diameter, Nutritio&
and muscularity very good,

Brain: Dura a little adherent posteriorly and
along the longitudinal sinus, Subarachnoid space
contains a great quantity of pus especially along
the lines of the larger vessels, In the interped-
uncular space and on posterior surface of cerebell-

um and between its lobes are large collections of

bus, There is a much softened area on the upper

part of the left parietal lobe and also

in the 1left lateral lobe of the ocerebellum,



kg
Te arteries of the brain are somewhat atheromatous,
on section the veniricles are a little distended
with slightly turbid fluid, and the white matter is
somewhat oedematous,

Spinal cord: The dura is adherent by old fi-
brous bands to the posterior common ligament of thel
vertebrae throughout its whole extent, Under the |
dura is a large quantity of yellowish twbid fluid,
The cord and nerves appear to be healthy,

Pus from fluid round cord and pus on brain
showed when examined numerous diplococci which gave

the characteristic reactions of the meningococcus,

CASE VI,

B, aged 7} years,
Admitted:- 21/1/07,
. Complaint:- Headache and vomiting for a fortnight.

History:- For a fortnight she had vomited all she
took to eat and has slept most of the day as well
a8 at night, She has had no motion of the bowels
for a week, She has also had much headache holding
ler hand to her head even in sleep, and waking up
Crying with pain, The social surroundings in this

4% in many of the other cases are very poor and

dirty,
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State on admission:- Child lies in a semi-comatose

condition with eyes half closed not complaining un-
less disturbed but resenting any movement, When
asked she complains of pain in the forehead, Pupils

are contracted and equal, but the child objects to

light, No head retraction, no rigidity of neck |
muscles, Kernig's sign present to a slight degree, |
Knee jerks present but not exaggerated., Plantar
reflex flexion, Temperature 99; Pulse 108; Re-

spirations 26,

22/1/07, Lumbar puncture gives perfectly clear fluid

under slightly raised tension; there is no deposit
when it is centrifuged and it contains no organisms,
23/1/01, Kernig's sign more distinct. Marked photo-
phobia, |
| R6/1/07, Tumbar puncture; fluid slightly turbid,

tension S8lightly increased; contains numerous poly-

morphonuclear leucocytes but no organisms found,

(V207 condition: nas varied a good deal from day
to day, the child being at times free from pain and

| talking voluntarily, She is now quite comatose

i and greatly emaciated, Breathing occasionally of
the Cheyne Stokes type.

i5/2/07. Breathing Cheyne Stokes type all day. Died

. 10 p,m,

i No Post Mortem Examination allowed,
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CASE VI
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DM, aged 2% years,
Admitted 2/2/07.
Complaint:- Unconsciousness, pain in head, vomiting

lasting one day, Also cough,
History:- Patient was quite well when he went to bed

last night, but about 1 a,m, this morning he woke
up and vomited, He vomited everything he took to
drink in the morning, was very ill all forenoon ;
and about 4 p,m, he became unconscious, He has ;
been coughing since he took ill, and cries out when

he is touched, At 8 p,m, had a fit,

State on admission:- Child is very much exhausted

with blue lips, cold hands and feeble pulse, ’I‘here!

|
are a few purpuric spots on the neck and on the i

left side of abdomen, Breathing very laboured, al-|

most Cheyne Stokes in character, ZXKernig's sign prei

|
Sent, Knee jerks increased, Plantar reflex flexbn

Temperature 101, 5, Pulse 130, Respirations 54,

Lumbar Puncture:- About 18 c.c. of very turbid

fluid was withdrawn; contains many leucocytes;
Also a growth of the diplococcus intracellularis
Meningitidis obtained,

%2/07. Patient gradually sank and died,

4/2/0y.

Post Mortem Examination:- Skin shows num-

bers of purpuric spots especially over front of

1
°88 and thighs and inner side of the arms,

Brain: ©Dura tnick, Under the arachnoid is a
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great amount of pus along the lines of the large

vessels and scattered here and there over the cere-
bellum, It is particularly plentiful in the inter-
peduncular space and along the Sylvian fissure, The|
whole brain is very soft, |

Spinal cord: Spinal dura is much congested |
and beneath it is a large amount of turbid fluid, |
The posterior part of dura is much thickened over
an area corresponding to the last six dorsal nervesi
as if from a previous meningitis, There is no in- |
filtration of the nerves with pus, -

The pus from the spinal cord on culture shows
a diplococcus Gram-negative, glucose fermenting, &c,
whiich is considerably larger than that obtained di-
rect during life by lumbar puncture, The blood of
heart failed to produce any growth on blood agar
or ascitic~-fluid-agar,

On subculture the organism from the cord which
originally was found to be Gram-negative became
(ram-positive in its staining reaction as well as
being larger than it was in £ilms obtained during
the Patient's 1ife,

Heart: Healthy,

Right lung: Congested greatly at base poster-
lorly witn Some flakes of fibrin on the surface pro-

duy
¢d apparently by an impending pneumonia. Teft
lung Similap,
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Liver: cloudy swelling,

Kidneys apparently healthy,

Spleen shows enlarged Malpighian bodies,
Stomach and intestines, &c, healthy,

CASE VIII,

J.G, Aged 27 years,
Admitted:- 18/2/07,

Complaint:- Headache and vomiting for one day,
History:- Patient had a rigor early yesterday morn=-
ing, followed by headache lasting all day and he
Vomited in the evening, Vomiting continued during

the night and by 1 a.m, he became unconscious,

I
| State on admission:- Patient regained consciousness

about 10 a,m, but remained very drowsy, and com-

plained of headache, Kernig's sign present, Knee

jerks increased; plantar reflex flexion, No ocul-

4 paralysis, &c, present, Temperature 100; Pulse
84, Respirations 28,

LE@P@.LB_@M:- 25 ¢.,c, of very turbid fluid
! Withdrawn; it shows many polymorphonuclear leuco-

Crtes in a fey of which is seen a Gra.m-nega.tiv?e

diplococeus,

|

|

19
/2/%. Patient has slight head retraction and in-

te
fnal SQuinting of right eye; purpuric spots are




appearing on the back, .
Lumbar puncture done again and 20 ¢,c, of tur-
bid fluid removed under high tension, The diplo=-
coccus intracellularis meningitidis present in very!
grea’ numbers,
Patient sent to Pilton Hospital for Infectious
Diseases,

11/3/07. Patient sank into a comatose state, became

very much emaciated and died on this date,

CASE  IX.
LS. Azed 45 years,
Admitted:- 16/2/1907,

Complaint:- Unconsciousness for some hours,
History:- Patient went to bed apparently in good
health, but in the morning was found unconscious,

State on admission:-- She lies on her side with legs

drawn up and turned away from the light and objects
very much to being touched, She is incapable of
being roused to answer questions though irritable
waen interfered with, Pupils are equal and moder=-
ately contracted; no ocular paralysis; Kernig's
8ign present; knee jerks active; plantar response
flexion, Breath has a foul odour and patient is

occasionally sick, A few purpuric spots on the back,




S

Conjunctivae greatly injected, Temperature 98,
Pulse 84, Respirations 28,

Tumbar Puncture:- TFluid turbid and flowed out un-

der high pressure; it contains a great number of
polymorphonuclear leucocytes many of which contain
the diplococcus intracellularis meningitidis,

17/2/0%7. Patient sent to Pilton Hospital for In-
fectious Diseases,

6/3/07, Patient, after a period of several days' com-
plete unconsciousness and restlessness during which
she was only able to take a little fluid nutriment,

died on this date,

CASE X.

AW, Aged 4% years,

Admitted:- 14/3/1907,

Complaint:- Headache, drowsiness and rigidity for
24 hours,

History:~ Patient was at school in ordinary health
and took a good tea about 5 p,m, At 6 p.,m, she com-
plained of a sore head and asked to be put to bed,
She slept quietly until 3 a,m, when she woke, was
very thirsty and complained greatly of her head,
From that time she was restless, appeared drowsy

but was restless and talkative in her sleep.
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Throughout the forenoon she was quite conscious when
roused but drowsy and feverish, 4About 7,30 p.m,
she began to moan loudly, became quite unconscious,
tossed about in bed, and was somewhat blue about the
lips. She has not vomited at all,

State on admigsion:- The child was semi-conscious witl

rigidity to some extent in all the linbks. The head
is distinctly retracted and the muscles of the neck
markedly rigid, -All movement is much resgented and
the child moans when touched but will not speak,
Kernig's sign is well marked, Knee-=jerks presgsent,
Plantar reflex flexion, Pupils equal moderately
dilated, react to light., 1No rash, No lung
symptoms , Temperature 100, Pulse 104, Respirations
36 .,

Lurbar Puncture:- A turbid fluid is obtained under

moderate tension; there is a great number of poly-
merphonuclear leucocytes in the fluid:but no organ=
isms are obtained either in film or on culture,

15/3/07. The child has become unconscious again at
intervals, and spoken to the nurse once or twice,
She puts out her tongue and does similar simple acts
when told to do so. She has vomited twice and be=
tween the lucid pericds lies in a semi-comatose
state with the head strongly retracted, There are
a few purpuric spots on the abdomen,

lﬁ/%/b?. The child was very noisy through the night.

Quite conscious in the morning, though Kernig's sign




5
and head retraction are still very well-marked,
Lunbar Puncture:=- Fluid is turtid and under very
high tension, A few diplococci are seen in films
and on culture on blcod=-gserum there is a distinct
growth of the diplococcus intracellularis menin-
gitidis,

17/3/07, Child is better to-day, quite conscious,
rigidity of neck less marked, Kernlg's sign still
present, Since yesterday she has apparently become
completely deaf,

18/3/07. The general condition is more satisfactory.
The night was spent more quietly, The patient is
now quite conscious, the rigidity of the neck muscles
is less, Kernig's sign is hardly to te made out,

The deafness continues as before,

22/3/07. Kernig's sign has quite disappeared., There
is no pain, Temperature normal . The child takes
food well, The muscles of the back, neck and legs
have to a great extent lost their power and the child
is rather flabby. She cannot sit up in bed without
leaning to one gide or other and resting on her hand,
When a little push is given to the 5ody the head
falls back with a jerk and it is only after a few
seconds that the child holds up its head again,

When trying to stand the child falls towards one or
other side and when attempting to walk she has to be
firmly balanced by holding on to two hands, In

attempting to step out the foot sometimes cannot be
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moved forward but simply moves a little to one side,
There is no paralysis of any one muscle or group of |
muscles, but this diminished power of movement seems
to te largely a failure of co=ordination,

Reflexes#— Knee jerks exaggerated; very slight

ankle clonug on both sides; plantar reflex is

doubtful but there seems to be a slight extensor re=
sponse at times on both sides,.

25/3/07, Improvement maintained,

2/4/07, Child can walk a little better and the muscles
are not sc flabby, The head and neck muscles are
more under control, The deafness is still absolute,

11/4/07. Child can walk better and the muscles are
improved in tone, The powers of co=-ordination and
equilibration in walking are the most noticeatle
defect as the feet are often not pushed forward when
the child attempts to walk, but to one or other side,
The temperature is-now constantly normal,

9/5/07. Patient has improved very nmuch in power of
walking and went out to-day, She ig fairly well,

but the deafness remains,




CASE XI,

EW., Aged 14 years,

Admitted:- 20/3/07,

Complaint:- Headache and vomiting for 24 hours pre-
viously.

History:- Patient went to bed in her usual health on
18/3/0%, but on waking had a good deal of headache
and fel% sick and giddy., She rose but wenﬁ back
to bed, Once or twice during the day she vomited, |

State on admission:- Patient tosses about in bed cry-

ing with the pain in her head. ©She is able to
speak coherently though at times she is delirious,
Kernig's sign present, Knee jerks somewhat active,
Plantar reflex flexion, Temperature 98.50; Pulse
128; Respirations 28,

Lumbar puncture yields cerebro-spinal fluid markedly
i

turbid and under high tension; in it are numerous
polymorphonuclear leucocytes and large numbers of
the diplococcus intracellularis meningitidis,

21/3/07. Patient was removed one day after admission
to Pilton Hospital for Infectious Diseases,

9/5/07, Patient died,

E,C, Aged 5 years,
Admitted:- 25/3/07,
Complaint : - Headache and vomiting for two days,

State on admission:- Patient is in a comatose state

paying no attention to anything around him, Head
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somewhat retracted and neck musgeles stiff, Kernig's
sign marked, Knee Jjerks present, Plantar reflex
cannot be eligcited, Some faint purpuric spots on
arms and abdomen, Temperature 100,5°; Pulse 118;

Respirations 44,

Lunbaxr Puncture, Yielded a large quantity of wexy

thick fluid in which polymorpnonuclear leucocytes

were present in great anuwbers and the diplococcus

intracellularis meningitidis was also found.
Patient was sent to Pilton Hospital for Infect-

ious Diseases and died 25/3/07.

CASE XIII.

Ji8, Aged 2 years,
Admitted: - 30/3/07,

Complaint:~ Headache, vomiting, unconsciousness last-
ing for one day.

State on admission:- Patient is comatose, head re=-
tracted; Kernig's sign present; Knee jerks presentj
Plantar reflex flexion, Temperature 99°,
Lunbary Puncture gives a turbid fluid under con-

siderable pressure in which are copious polymorpho=
nuclear leucocytes and numerous diplococcli in=-
tracellularis meningitidis,

Death on same day,
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Post Mortem Examination:- Body well nourished, There

ig a well marked purpuric rash under the chin and
on abdomen and thighs,

Brain: The dura is greatly adherent to the
vertex of the brain especially over the right tem-
poral and parietal regions, The vessels in the
sulci are greatly engorged and the coavolutions
rarkedly fiattened, Around the vessels on the
vertex, in both lateral regions, and on the upper
surface of the cerebellum is a collection of greenish
yellow sero-pus, There is a little of the sare
materlal at the 'base.but not so much as on the vertex,

Spinal cord: There is a very little fluid on
the surface of the cord with here and there small
yellowish spots of pus and a generally turbid
appéarance of the arachnoid, The cord itself is
extremely soft and almost diffluent.

Heart: The large vessels and the heart itself
contain frothy blood and gas. No organism was
obtained to account for this appearance,

Lungs: %both somewhat congested,

Liver: shows marked cloudy swelling.

 Spleen large firm and shows extremely well-
Marked Malpighian bodies,

Kidneys show marked cloudy swelling,

Vesenteric glands are markedly enlarged and
WiCraenic:ana the Plyer's patohes in the intestind

stand out prominently and are congested,
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Admitteds - 8/4/07.

Complaint:- Sleepiness and swelling of abdomen for

the past week,
Histoxry:= The child did not complain of anything but
had been found asleep several times on the floor at
school, during the previous week, She had had no
vomiting, At about the age of 1 year she had been
treated for rickets but generally was quite "nealthy.:
State on admisgion:-= The child is very drowsy but
quite intelligent when roused, says she heas no pain,
The abdomen is swollen and tense and slightly tender
on pressure, There is a purpuric rash on both
sides of asbdomen and a few spots on the thighs,
Temperature 102,5°; Pulse 132 per minute; Respir-
ations 32, No headache., No head retractionm,
Pupils equal and react to light but slugegishly.
No Kernig's sign, Knee jerks present; plantar
reflex normal,

Over the chest there are a few scattered
Crepltations,

Abdomen is distended partly by ascitic fluia,
48 evidenced by its dulness varying with the patient
Positim' partly by inflation of the intestines,

Blood Count: Haemoglobin 70%; Red Blood Cor=-

Dusclesg $,500,000; White Blood Corpuscles 12,000,

8
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There is a slizht relative increase in the large
lymphocytes,

12/4/07, Child still very drowsy,

16/4/07, Widal's Reaction performed, - negative,
20/4/07, Child more lively, Abdomen still consider-
ably swollen; Spleen tender,
3/5/07. White blood corpuscles 15,000, The temper- |
ature is to a great extent intermittent often rising
%0 103° and falling below normal within 12 hours.
Lunbar Puncture performed; turbid fluid escaped
under considerable pressure, and in it were large
nurters of polymorphonuclear leucocytes containing

the diplococcus intracellularis meningitidis,

6/5/07, Patient died in Pilton Hospital.

CASE _XV.

1-:@__ Aged 16, .
Admitted:- 24/4/07,
QMQBAE- Headache and womlting for past three days|
8tory:- For the past three days she has been feel-
ing 111 with severe and increasing headache,
%—iﬁﬂ%m;- Patient is in a very lethargic

8 . :
tate becoming at times quite unconscious at other

P

bimes being sti11 capable of rousing, Kernig's sig

Dre .
Sént; Xnee jerks present; Plantar response
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flexion, Temperature normal, Pulse 100 per minute,

Respirations 20,

25/4/07, Lumber Puncture gives turbid fluid under

considerable pressure in which polymorphonuclear
leucocytes are present in great nurbers containing
the diplococcus intracellularis meningitidis,

gome red spots of small size on arms chest and thighs,

%/4/07, Patient was removed to Pilton Infectious
Diseases Hospital where she lived for 40 days dying
on 4/5 /07,

CASE XVI.

5,6, Aged 27 years,

ddnitted:- 26 /a/07,

Somplaint:= Pains all over body for past 4 days.
Hstory:~ Four days ago patient hegan to vomit after
coming home from work, and complained of pain in the
back of the neck, Since then the pains have spread
all over the body being worse on movement, He has
had no fits nor unconsciousness but has been rather
drowsy ,

Mg@i@iﬂ&iﬁﬂ:— Patient lies still in bed quite
Conscioug ang complains of pain when he 1s touched,
Some rigldity of neck muscies. Kernig's sign is

1o .
U present, Knee jerks normal, Plantar reflex
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flexion, Temperature 99°; Pulse 7o per minute;

Respirations 28,
21/4/07, Lumbar Puncture performed, and, as the fluid

was turbid and contained the diplococcus intracellu-|

laris meningitidis the oase was sent to Pilton
Infectious Diseases Hosgpital where patient died

11/7 /07,

CASE. _XVIL.

E VW, Aged 8% years,

Admitted: - 6/5/07.,

Complaint:- Headache and vomiting for 2 weeks,

History:- A fortnight ago patient rose in the morning
with severe headache and vdmi ted shortly afterwards,
She went to school but in the afterncon came home
complaining of severe headache, went to bed and has
not been up _3inoe. The headache has been severe
2ll along and there have been pains in the back,
sbdomen and limbs, She sleeps only by snatches,
has seemed very feverish some nights and been
delirious,

ftate on admigsion:- Patient lies moaning constantly

Put quietly, The head is markedly retracted.

Pupils contracted, Kernig's sign is well marked,

Xnee Jerks present, Plantar reflex flexion, No

a8,  The child resents any movement but answers
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intelligently when roused; though as a rule she
liés in a semi=comatose condition, Tempe rature
101,5°; Pulse 168; Respirations 24, Urine 20

0zg, per diem, no abnormal constituent,

Lumbar Puncture ylelds a turbid fluid under considere
able pressure; polymorphonuclear leucocytes are
present in great abundance and many contain the
diplocococus intracellularis meningitidis,

7/5/07, Patient sent to Pilton Hospital for Infect-
ious Diseases,

28/1/07, Patient after remaining in Hospital for 82
days, = during which time her temperature fluctuated
between normal and 102° and the headache grazdually |

bassed off, = was dismissed cured on 28th July 1907,

CA S F _ XVIIL.

HR, Aged 2 years,

Adnitted:= 30/5/07.

Sonplaint ;- Vomiting and pain on movement, lasting
one day,

ii-ﬁl‘v‘-ll:-- On the day before admigsion patient began
%0 be sick ana to complain of pain in the legs. He
took to bed and cried whenever he was touched or
T0v8d,  Within a few hours he became lethargic and

o
%t day semi-unconseious,
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gtate on admigsion:- Patient is almost quite uncon-
goious but cries out when moved. The head is re=-
tracted strongly; Kernig's sign is present; Knee
jerks active; plantar reflex flexion, Pupils con=
tracted, Temperature 99,5°; Pulse 104; Respir-
ations 52,
Luibar Puncture gave a little turbid fluid in which
polymorphonuclear leucocytes were present in great
nunbers and the diplococcus intracellularis menin-
gitidis was found both inside and outside of the
latter,

Patient died the same day.

CASE.  XX.

W.P,. Aged 12 'years,

Adnitted: - 29/7 /1907,

Somplaint:- Pain in the back and vomiting for the
bast 3 days,

History:- Patient was staying with friends in the
°°unt1'5fl where he had been for about a fortnight when
he suddenly took ill and vomited'. He was sent home
fext day,

%Q@.@lﬁﬂgﬁ:- Patient lies on his back staring
4 to the ceiling in a semi-conscious condition,

By ories out when touched, There is no head re-

“Zaction and no rigidity of the neck muscles,
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There are large purplish blotches over the front
of the abdomen, Kernig's sign present; Knee 1
jerks moderate; Plantar reflex flexion; pupils |
contracted, Temperature 105; Pulse 144; Respire
ations 35,
Luwibar Puncture gave a good flow of turbid fluid
containing many polymorphonuclear leucocytes and
nubers of the diplococcus intracellularis menin-
gitidis, |
2/8/07., Sent to Pilton Hospital for Infectious

Diseages; where he died next day,

LD, Aged 4 years,

Aduitted:- 9/10/07,

Complaint:- Pain in the head and vomiting lasting
one day,

§i§_§_g;1:- T_wo dé.ys ago patient got a wetting on the
Way home from school; next morning he began to
Vomit soon after wakening, and kept on doing so till
the afternoon, He then began to complain of severe
f%adache, at first frontal then on the top, and to=-
day at the sides, The vomiting began again in the

®Veuing and continued most of the night,
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state on Examination:- Patient does not complain of

very great pain nor cry out; there is no retraction
of the head though some stiffness and pain are
elicited when an attempt is made to kend the head
forwards, There is no unconsciousness nor even

drowsiness, Kernig's sign is present; Knee jerks

normal; Plantar reflex flexion, Pupils contracted|

equal, Temperature 100; Pulse 120; Respirations

22
lurbar Puncture:= produces a little turbid fluid not
under high pressure in which the diplococcus in-
tracellularis meningitidis is plentifully present.

10/10/07. Patient sent to the Pilton Hospital for

| Infectious Diseases,

19/10/07, The symptoms became gradually more pro=-
founced, blotches appeared on the arms legs and back
unconsciousness set in, and patient died on this

day,

CASE XXI.

&2, Aged 34 years,

A

dnitted:~ 21,10/1907,

0 n

~¥plaint:-~ Pain in head and back lasting 2 days.
81 i

Patient was in gaol for 3 days and on

¢
oting out he went to a lodging house and lay down
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complaining of great headache and backache and a de-

gsire to sleep, |

State on admission:- The patient seemed to be serious-|

ly 111, being cold, shivering and stiff, No head
retraction; ZXernig's sign not to be elicited; knee
jerks normal, Plantar reflex flexion; Pupils react
well; no abnormality of eye muscles, Temperature
102; Pulse 66; Respirations 24,

Lumbar Puncture gave a slightly turbid fluid under

increased tension; polymorphonuclear leucocytes
were found in the deposit and large numbers of the
diploeoccus intracellularis meningitidis,

22/10/07, Sent to Pilton Hospital for Infectious Dis-
eases,

16/11/07. He gradually lost the headache, the temper-
ature returned to normal, and the pain subsided, On

this day he was dismissed cured,

LB, Aged 56 years,

Admitted:- 5/12/07,

%1- Vomiting and weakness lasting about 4
Weeks,

Hstory:- About a month ago patient began to vomit
after her food; she had no pain but the food seemed

to Come up at once after she took it, She has had
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a very little pain in the head also, and has been |
getting progressively weaker,

State on admission:- Patient is somewhat worn and

genile for her age; habits fairly good as to alco-
hol, She has an enlarged and hypertrophied heart
with a systolic murmur and accentuated second sound |
as heard in the aortic area, She complains of some
headache and feels sick constantly even when she
is not vomiting, There is no special stiffening of
the muscles of the neck or back, but she is at
times very restless, The legs are stiff (Kernig's
sign present); Xknee jerks normal, plantar reflex
flexion, Temperature 99,5; Pulse 116; Respirations
24,

Red Blood Corpuscles 1,500,000; Ha.emdglobin
5%, Waite Corpuscles 15,000,

12/12/07, Patient has been spitting up a good deal of
frothy material, streaked with blood, Her sickness
15 less marked and she has been vomiting for the
Past three days chiefly a short time after food,

| 15/12/07, Patient has sunk somewhat in general condi-
tion but no fresh symptoms have developed,

17/12/07, Patient became yesterday very sick again
Several times, She had, however, a fairly good
night with very little sickness, till 5 a,m, She
then began to shiver and became speedily much col=-

lapsed, Avout 8 a,m, she had another shivering




Post Mortem Examination:- Numerous petechial haemor-

2

attack, her temperature began to rise and she sank
into unconsciousness, She died without returning
to consciousness but without any rigidity or convul-

sion during the forenocon,

rhages are scattered over the surface of the body
and limbs, 1

Skull shows considerable old adhesion to dura
and dura to brain,

Bra.in:. The vessels of the brain are greatly
congested and there is a large amount of thick, gel-
atinous pus on the under surface of the cerebellum
and round the pons and medulla, The ventricles are |
distended by turbid thin serous fluid and the chor-
0id plexus oedematous, There is no suppuration from
the ear or nose,

Spinal Cord: There is a considerable quantity
of thick yellow gelatinous pus on the posterior sur=-
face of the cord throughout its whole extent not ex-
tending down the nerve roots.

Films of the pus showed diplococci which did
not retain Gram's stain but no culture was obtained,

Heart: 014 standing endocarditis of the mitral
and tricuspid valves with incompetence is present;
heart muscle soft and infiltrated by fat,

Lungs: Both are oedematous and have much muco-

Purulent secretion in the bronchial tubes,
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Tiver shows fatty change and gives a marked
Prussian blue reaction, '
Spleen slightly enlarged,

Kidneys show cloudy swelling,

CASE XXIII,

I,A, Aged 13 years.

Admitted: 18/2/08,
Complaint: A convulsion lasting about two hours,
Histogz' : Patient has had whooping cough for the past

8ix weeks and had been greatly reduced by his ill=-

deal, The arms were limp but the legs were rigid
and twitching, The twitching passed off in a few
minutes and the child lay still in a state of semi-
unconsciousness with the eyes wide open,

State on admission: Patient is quite unconscious and

Very much cyanosed, There is now no twitching, but
the legs are somewhat stiff, No head retraction;
Kernig's sign present; knee jerks present, Pupils
Moderately dilated. No ocular or other paralyses.
Some purpuric spots on legs and arms, Temperature
1010; Pulse 132; Respirations 32,

Lumbar puncture gives a turbid fluid that issues un-

the eyes were fixed and staring and he moaned a great

ness, This moriling the child took a fit about 9 a.m,;

J




_Comglaint: Headache above right eye, vomiting for

74
der considerable pressure, It contains the diplo-
gogccus intracellularis meningitidis in large numbers,

19/2,/08. Child sent to Pilton Hospital for Infectious|
Diseases, Remained unconscious and in otherwise un-

changed condltion there for the next two days when

ne died 21/2/08,

G ASE ZXIV.

WM, Aged 3 years,
Admitted: 19/6/08,

rast 3 days,
History: TFive days ago patient had a severe fall and
two days afterwards began to vomit; three days af-
ter he began to suffer pain over the right eye. He
continued tc vomit and occasionally to cry with pain|

State on admission: Patient lies in bed on his right

8ide with the head markedly retracted and the knees
drawn up, .'I‘he left eye shows marked iritis and the
Patient's sight seems to be very defective, though
he understands everything said to him, He resents
any attempt to bring the head forward, and cries out
in a sharp shrill peevish manner when moved, Ker=-
1ig's sign is well marked; knee jerks active;

Plantar reflex flexion, Pupils contracted and equal),

N0 abnormal position nor movements of the eyes,
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gome blotches on arms and chest, Temperature 100;
Pulse 140; Respirations 36,

20/6/08, Head retraction much more marked, and opis-
thotonos present,

Iumbar puncture gave two test tubes full of a very

turbid fluid, which was crowded with leucocytes and
contained quantities of diplococcus intracellularis
meningitidis, some of them being within and some on
the margins of the cells,

23/6/08, Sent to Pilton Hospital for Infectious Dis-
eases,

Died three days later,

CASE XXV,

AB, Aged 10,

Complaint: Vomiting, headache, and pains all over the
body lasting one day,

EEEE{X: Patient was in perfect health on the preced-
ing day and attended school, :

State on admission: The boy was in a semi-comatose

8tate, the extremities very cold and the lips cyan-
°sed, The legs were firmly flexed at hip and knee,
the arms folded across the chest and the fingers
Clenched, Temperature 102°, Head retraction was

greatly marked, and the rigidity of the neck and
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back muscles was so great that, when the head was
raised from the pillow, the whole body moved with
it, Any movement such as this caused great pain
which made the patient cry out, Knee jerks active;
Plantar reflex could not be properly elicited, The
chest and front of abdomen showed numerous small
purpuric spots,

Tumbar puncture gave a turbid fluid under high ten=-

Sion containing copious numbers of leucocytes and the

diplococcus intracellularis meningiltidis,

Patient died on'the day after the onset of the

disease,




symptoms of Cerebro Spinal Meningitis with Special

reference to twenty-five Cases observed in the

Leith Epidemic,

Types, Several types of cerebro spinal meningitis are |
to be recognised differing chiefly with regard to the
tendency of the cases in their early stages,

The malignant or fulminating form is one in which
the symptoms appear suddenly, quickly attain a maximum
and result in death within a few hours, Four of these
cases were observed in the Leith epidemic or about 16
per cent of the total, Or, after the disease has
commenced in the ordinary way to be described later,
the patient passes into a condition resembling shock
with small pulse, sighing respiration, and total
abolition of reflexes, a condition probably due to
sudden distension of the ventricles with exuded fluid.
The abortive type is one of which examples are
found in every epidemic, The illness begins with
headadhe, vomiting, fever, neck rigidity, and it may
be,convulsions, in the ordinary way, But the patient,
after a few days! illness, may elther recover complete-
¥ or with some permanent effect of the disease such as

deafness,

The ordinary type includes cases which last from

one to four weeks and either die or within that period;
Commence to recover, !

£

Chronic cases are those which last for two or mor

months with symptoms 1like those of the acute form and
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then either recover with various complications or die |
of exhaustion, This type includes most of the cases |
of posterior basic meningitis described by Gee and
Barlow,

Onset:- There is very seldom a history of gradual on-
gset but the patients are struck down within a few

hours by the disease, having been as a rule in a state
of previously excellent health,

As will be seen from the tabular statement of
symptoms_,headache, general pains through the body and
limbs, drowsiness passing into unconsciousness and
vomiting were among the most common early signs, The
position usually taken up by the patient in bed is to
lie on the side with the knees drawn up, the head re-
tracted, the arms flexed and the hands placed under
the chin, Generally speakinz the patient lies still
with occasional cries and slight movements, but some-
times there is great restlessness till complete uncon-
Sciousness supervenes,
lemperature:- There is nothing characteristic about
the temperature curve, but three charts are given as
examples of a case which ran an acute course, of a
Chronic case with remissions, and of one that recovered
Bven in the severest cases the temperature may be only
& little elevated and it is seldom higher than 1020,
In our 25 cases the average temperature taken twelve
hours after admission to hospital was 100, 69, In

°Ctasional cases the temperature may rise at some
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period of the day to 105° or 106° and may intermit
once or twice in every twenty-four hours, These are
cases of very serious prognosis, but the condition of
rise and fall round the normal may persist for weeks,
In most cases the temperature remits a little every
morning but persists at a slightly elevated level, In
other cases there are occasional remissions almost to
normal prolonged for several days; the patient seems
to be recovering; but at the end of a few days or a
week the temperature mounts again to its original
level and the symptoms return as before, This is
shown for example in the chart of the case of Annie
Jones from 22nd to 30th November 1906,

Pulse:- The heart beat is rapid and commonly irregular
in time and in force, Thus the pulse differs in the
two important respects of rapidity and irregularity
from the pﬁiae of tuberculous meningitis. in which it ig
regular but characteristically slow, The average
pulse rate in our cases twelve hours after admission
was 118, and in most of the cases it was somewhat over
100,

Respiration:- The breathing is somewhat more rapid

than usual in consequence both of the pneumonia which
18 a frequent accompaniment and the rise in temperature
The average respiration rate in our cases was 33, An
important feature to note is that the normal 1 to 4

ratio of respiration to pulse is greatly increased

a fact which often obscures the diagnosis between this
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condition and pneumonia,

Fruption:~- The eruption appears to vary in frequency

and -in character in different epidemics, In the
Teith epidemic a roseolar or mulberry coloured rash
was very freguently present and 60 per cent of our
cases showed it%, The rash consisted of small spots
of congestion which sometimes faded on pressure,
sometimes were unchanged, In cases that died these
spots were found on microscopic examination to consist
of intensely dilated vessels lying in the subcutaneous
tissue with occasional minute haemorrhages, The
spots were most frequent on the front of the arms,
thighs, and chest, less numerous on the abdomen, face,
and bhack, Sometimes the eruption begins with a wide-
spread erythema which in a few hours fades and leaves
the petechiae, Herpes in some epidemics is very
common, but was seen only in one of our cases, These
herpetic eruptions do not seem to have anything
characteristic as to site, appearance, or organismal
contents, but occur on the lips, nose, or other parts
of the body,

Blood:- 1In all cases leucocytosis is found consisting
of increase in the polynuclear corpuscles, The
count is in general much above that found in a case of
Pnewnonia, a disease with which cerebro-spinal menin-
gitis is rather apt to be confounded in the early
stages, In the chronic form however the leucocyte

count may again drop and thus forms no safe guide to a
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diagnosis between chronic cerebro-spinal and tuberculous
meningitis, The same is true in the dilagnosis of the
posterior basic cases in young children, The
leucocyte count in general is higher the thicker and
more turbid the cerebro-spinal fluid; and it may in
purulent cases rise to 60,000 per c,m,m, Oor even over
this figure, It cannot be said that the count is a
gsafe gulde in prognosis; for, in cases that recover
it may touch nearly the figure mentioned above,
Generally speaking however, 25,000 per c,m,m, appears
to be a favourable number,

The following table shows the blood counts in ten

cages occurring during the Leith Epidemic;-

Case White Polymorph Iymphocyte Iarze Eosinophile

Corpuscle per cent per cent Mono= per cent
Count per nuclear
c,m,m, per cent
3 53,000 83 17 - -
4 15,000 88 11 1 -
SRR T 000 74 23 3 -
20 000 75 18.5 5 3B
8 18,000 82 13. 5 415 -
10 16,000 88 12 - -
11 39,000 9% 2 .9 -
12 16,000 84 10,5 4 1,5
17 34,000 83 1l 6 =
19 32,000 86 8,5 By 5

Urine:- In many cases albumin is present in the urine

to a moderate degree, In others there may be blood

due doubtless to the haemorrhagic nephritis described
by Councilman, though this was not present in any oi
our cases,

Kernig's Sign:- This forms, like lumbar puncture, one
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of the most important diagnostic signs of the disease
in differentiating it from such a condition as pneu-
monia, Kernig first published his results in 1884
having observed frequently that in patients, proved
post mortem to be cases of meningitis, there was during
1ife an inability to bring the leg into a position of
complete extension when the thigh was placed at an
angle of ninety degrees with the body, It may be
absent in those very severe and sudden forms of malig-
nant meninegitis in which the reflexes are all abolished
and it may also be absent during the first day or two
in an attack of ordinary severity, In those cases
which recover, it gradually diminishes and finally dis-
appears as convalescence is established, Also in
young infants its presence does not mean so much as in
older people because in the former there is always a
greater amount of muscular tonicity which becomes
readily increased upon any slight illness with increas-
ed temperature, It was present in 84 per cent of our
cases,

Head Retraction and Neck Rigidity:- Rigidity of the

neck is an important early sign of cerebro-spinal
meningitis, As a rule there is present along with it
& certain degree of opisthotonos, and it appears with
or before the Kernig's sign, In the posterior basic
forms of infants the rigidity and opisthotonos often
Teach an extreme degree, The rigidity of the neck not

only causes difficulty in bending forward the head, but
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any attempt to do so causes pain and often sets up an
appreciable degree of mydriasis due doubtless to
jrritation of the cervical nerve roots, Head re-
traction and neck rigidity were present at an early
stage in 48 per cent of our cases, and,in all the
casesjcame on at a later stage in the disease,

Mental State:- Generally speaking intense headache is

present at the beginning (68 per cent of our cases)
passing on soon to a state of stupor in which the head-
ache is dulled, Along with or instead of headache ;
pains in the body or limbs were present in 36 per cent
of cases, and were due doubtless to irritation or in-
filtration of the posterior nerve roots, Along with
the state of stupor there is sometimes noted a con-
dition of irritability in which the patient starts at
the least sound, and resists any attempt to disturb him
or change his posture, Unconsciousness supervened
during the first two days of the disease in 64 per cent
of our cases, and was generally accompanied by delirium
which in most cases was of a mild type, but in a few
wias noisy, During the remissions of temperature which),
A5 we have mentioned, oceurred in several cases there
Was usually an improvement as regarded the unconscious=-
1es88 and delirium, the patient wakening up although the
Symptoms such as Kernig's sign, head retraction, and
rigidity presisted, In favourable cases, which later
Yecovered, one of the first signs of improvement was
USually disappearance of the delirium, In the un-

favourable cases the patient became successively
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gtuperose and comatose prior to the fatal termination;

or if recovery took place there was always noted some

mental enfeeblement,

Convulsions:- At the onset convulsions were frequently

noted though they were not so common as simple dulness

with intense headache, Wnen they occur one may pre-

sumably infer that they are due either to distension of

the lateral ventricles of the brain with fluid, or

to a congiderable rise of pressure in the fluid of
the subdural or subarachnocid space, They occurred
at a later stage in some cases which were progressing
moderately well, and were probably caused by adnesions
between medulla and cerebellum causing interference
with the furamen_of:ﬂagendie. Several cases in
which convulsions supervened were markedly improved
both as regards the convulsions and the general symp-
toms after the performance of lumbar puncture,
Freguently the temperature came down to normal, the
patient became less restless and it seemed as if re-
covery were about to ensue, though the condition re-
turned to its previous state within two or three days
at most,

Reflexess- The superficial reflexes became dulled and
more difficult to elicit from the first, The con=
dition of the abdominal reflex has been already re-
ferred to and the importance which some authorities
attribute to its early enfeeblement as regards the
diagnosis of the site of primary involvement of the

hervous system has been commented on, The plantar

=

5




reflex was found to be variable and its character too
inconatant to be of any use for purposes of diagnosisg
In general the response to stroking the sole was by
flexion of a feeble type, though in two cases an
extensor response was obtained at an early stage in
the disease, Koplik gives the frequency of an exten-
gor response at 16 per cent of cases of cerebro-spinal
meningitis,

The deep reflexes as a rule are present in the
earlier stages and disappear as the symptoms become
more severe or when at a later period a chronic case
becomes moribund, There is, however, nothing char-
acteristic about them, The knee-=jerks were present

at the commencement in all the cases and in about

one~third appeared to be more active than usual,

The readiness with which the pupil dilates has
been commented upon above, The irritation of the
medulla at an early stage is shown by the fact that
vomiting forms an initial symptom in 80 per cent of
the cases,

The tiche cérébral is very readily elicited in
almost every case both at the beginning and during the
course of the disease, but it is present not only
in other forms of meningitis but even in several other
conditions of childhood where high temperature and
toxaemia affect the nervous system, so that its
diagnostic value is not high,

Nerve Affections:- In those cases where the fundus

0culi could be examined no change was noted in the
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optic papilla, In this respect epidemic cerebro-
gspinal meningitis differs very greatly from meningitis
of the tuberculous type. We have not seen any case
of blindness, though in some epidemics this is stated
to be a common seqguel, Nor in making post mortem
examinations on fatal cases have we met with an ex-
ample in which infiltration of the optic nerve by
extension of the pus upon the base had taken place,
In one of our cases, where death occurred on the

7th day, iritis was present in the later stages, but
whether this was due to the diplococcus meningitidis
could not be ascertained, Keratitis is said to come
on as a result of infiltration of the fifth nerve,
and various forms of strabismus ensue from affections
of the different nerves to the eye muscles, although
in the serious condition of the patients these are
difficult to make out, Nystagmus duve probably to
some intracranial affection of these nervesWhs how-
ever very common in young children, Similarly in
regard to photophobia, so much irritability is ex-
pressed upon the mere attempt to open the eye-lids
that it is impossible to say how much of this is due
to resentment against the entrance of light,

The auditory nerve is more commonly affected and
Seems specially liable to be infiltrated with pus
continued outwards from the collection on the base of
the brain, otitis media is also common and we ob-

Served it in varying degrees up to complete filling
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of the middle ear and its accessory cavities with
gelatinous, purhlent material in several cases,

Many patients who recover show permanent deafness as
in case X, and from examination of cases that die
this appears to be due to extensive infiltration of
the inner ear along the sheath of the auditory nerve,
Even some mild attacks may be followed by this com-
plication, and the proportion of deafness in cases
that recover is given by various writers in figures
approaching 60 per cent of recoveries, In our
series there was one case of absolute deafness in
three recoveries,

The seventh nerve is also frequently affected
but the resulting paresis or paralysis 1s not sc
absolute as in the case of the eighth nerve and re-
covery from it may take place with convalescence,

Joint Complications are noted in some epidemics
more than in others and vary greatly in severity,
Osler has described two cases in which the hands,
wrists, elbows, knees, hip and various other joints
were affected,Ythe skin became red, swollen, and
diffusely erythematous for several inches above and
below the affected joints, In one of these cases the
meningococcus was isclated both from one of the jcints
and from the blood, Various other observers have
had similar cases but none of curs showed any joint

affection,




Irmbar Puncture: - In all the cases of which the notes
are given on pp. 97 to 77 with the exception of two,
the diagnosis was confirmed by lumbar puncture. of
these two, case VI., which failed to give meningococci

in the spinal fluid, may possibly have been one of tub

erculous meningitis, though disgnosed as and presenting
other characteristic symptoms of epidemic cerebro-srinal

meningitis, while the diagnosis of case XXII., as one

of the latter disesase, was confirmed by post-mortem ex
amination.

The operation was performed in the usual manner ,
through the fourth dumbar interval, the fluid received
in a sterile centrifuge tube, and the corpuscles in it
counted either by centrifuging when the fluid was thin
and examining the sediment in the tube, or by using a
white-corpuscle hsemocytometer pipette and counting-
stage without centrifugalization or dilation of the
fiuid. The fliuid in general was under considerable
pressure and spurted out when the needle penetrated to
the subarackneid space, but in cases where the exudate
was thick it often came drop by drop as mentioned under

the individual csses above. The amount obtained vari+

ed from about 5 ¢.c. to 50 c.c.

In films the meningococcus was always quite readily
obtained at all stages of the disease. In the earlie
Stages the diplococci lay both inside and outside of the
cells, but later on as the cells became MOre nNUMErous

the tendency was to find fewer and fewer organisms extra
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cellular. The cells present were chiefly polymoryhs
with some of the large mononuclear cells mentioned

apove in describing the morbid atonomy of the ccnditiorn.
The number of cells present was frequently as high as

between 200 and 300 per cubic mililimeter. In one csse

where lumbar puncture was performed after several weeks
illness the predominating cells were mononuc lear.
There does not appear to be any definite relation
between the characters of this fluid and the course of
the disease. In two cases where recovery tock place
the fluid was thick, turbid, under high pressure and
contained large numbers of the diplococcus from the
first. In another case of recovery the fluid was at
first sercus and contained very few organisms.
Also between the characters of the fliuid and the
symptoms such as head retraction and Kernig's sign there
is verv little connection. It must be remembered, how-
éver, that the pressure of the fluid withdrawn from the
Spinal canal may be quite different from that around or
S8ti1l more within the cavities of the brain. Many of
the cases show matting around the foramen magnum, and in
a large proportion the cerebellum is so much adherent tp
the upper surface of the medulla that the pressure withr
in the brain has lead to great dilatation of the ventrif
cles. This may take place without any increase of the
intraspiral tension.
It must be observed that many patients in whom the

Bpinal fluid escaped under high pressure were greatly
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relieved from symptome c¢f pressure and cerebral irri-
tation after a quantity of excess cerebro-spinal fluid
had been withdrawn. The guide to the amount best suit-
ed for withdrawal in order to give relief was the ap-
parent pressure, the fluid being allowed to run off till
it came in drops.

Age and Mortality:- Wnile epldemic cerebro-spinal

meningitis is mainly a disease of infancy and childhood,

=

it is very fatal among those adults whom it happens to
attack. There were 86 cases in the Leith Epidemic
available to us for statistical purposes, and the mort-
ality among these at different age pericds is shown on
Table TIT . The period between birth and one year of
age is generally stated to be that in which the great-
€5t number of deaths take place; and, while our csases
in this pericd were few in numker, they all died. Thé
greatest incidence of the disease toock nlace in the
periocds from 1 to 5 years and from 5 to 10 years, the
nunmbers being almest equal. In these two periods the
rercentages of deaths were respectively 64 .and 69.
Between 10 and 15 years of age the percentsge of deaths
was 57. As the age rose into adult life, however, the
death rate increased, being in the period from 15
to 25, as high as 81 per cent and after 25 years reachs
ing 30 per cent. of those affected. The general per-
centage of deaths at all ages was 72, with 62 deaths

and 24 recoveries out of the 86 cases observed.
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TAB L E AT,

VORTATLI
Age Nurber | Numker |Percentage Nunber
of Cases |of Deaths| of Deaths |of Recoveries

Under 1 year 3 3 100 0
1l - 5 years 28 18 64 10
5 =10 " 20 18 59 8
10=15 i 7 & b7 3
15=25 ! 11 9 8l 2
b6-60 \ 11 10 90 i
over 60 " 0 0 0] 0]
TOTALS 86 62 | 72 24
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Differential Diagnosis.

Some of the most important positive characters of |
the disease serve to mark 1t out sharply encugh during
the prevalence of an epldemic. The chief points are
the abrupt onset of 1llness, the neck rigidity, the
vomiting., the headaclke, and later the vnconsciousness d
delirium, Later;t¢a appearance of the eruption, the
presence of Kernig's sign, and the head retractlion sery
more definitely to recognize the disease, the diagnosis
of which 1s established by lumbar puncture.

The diseases most liable to be taken for cerebro-
spinal meningitis are other forms of meningitis, pnsu-
monia, and typhoid fever.

Of the other forms of meningitis, the tuberculous
varisty is the most imrortant. This begins in a more
pProlonged and insidious fasulon than csrebro-spinzl
fever, the headache, vomiting, and head rstraction be-
coming gradually more marked over a periocd of ssveral
weeks as a gensral rule. The holloewling of the abdomey

frequently found in tuberculous meningitis, and the slo
bulse, that usually characterizes it, are in marked con-
trast to the fulness of the abdomen and rapid pulse
that generally obtain in cersbro-spinal faver, The
opinthalmoscope and lumbar puncturs form, however, the
most useful aids to diagnoesis, The discovery of tub-
Srcles in the choroid, where they may be found in a
large number of the casss affected by tuberculous men-
ingitis, forms a positive diagnostic sign of this dis-

®ase, and the characteristic sruption, 1f it has appeax

H
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ed, does the same for cersbro-spinal favar, The £luid

obtainsed by lumbar puncturs affords, sxcept in very

=

chronic casss of cerebro-spinal fever, a safe guide
for 1in tuberculous meningitis It is elesar, the c2lls if
gontalns are not very numsrous and are all lymphocytes|

while the tubsrcle bacillus can in many cases be dis-

eoverad., With resgard to ths othesr forms of acute men

ingitis, such as that dus to the pneumococsus, ths thery

ise dlagnosis is not of

apeutic lmportance of a prac

paramount impor+anu,, but the causative organlism can bg

readlly discoversd from examination of the fluid obtain

ed by lumbar puncture. In the case of sescondary menin

gitis due to some local causs like a suppurating =sar ox

wound, the history and the characters of the lumbar pump-
cture fluid again form .an effective aid.
With regard to the diagnosis from pneumonia, in the

Leith cases, difficulty was experisnced in several in-
This is particularly apt to6 occur: when we

L
symptom-complex, to whnich Dupre

stancss,

have to deal with the

has given the nams of "meningism!,

a term describing

the presence of such symptoms as convulsions,

twitching

strabismus, and head retraction, due simply to the

toxaemic condition, induced by the severity of ths lung

dissase; This condition may com2 on suddenly, rendsrrt

ing it thus all the more liable to be mistaken for ceré-
bro-spinal meninegitis, The diasgnosis is cleared up on
the ons hand by the appearance and discovery of physicr
&l signs in the lung, or on the other by the result of

lumbar puncture and finding of the meningococcus,
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Typhoid fever is a diagnosis somstimes made in a

case of cerebro-spinal meningitis, in which the early
signs have not been well marksd and which is passing ini
to the chronic state. Cage XXIl., being admitted to

Hospltal after 4 wezks' illness, was thus diagnossd and

treated, and the correct diagnosis was only fully estab

lished post-mortem. Widal's Test 1s an lmportant decifi-

T

ing point, as also 1s the Diazo Reaction which 1is usual

ly given in advanced cases of typhoid fever, and waich

1;

we failed to find in any case of cerebro-spinal meningi
tis,

Infiuenza may occasion doudbt by simulating a mild
attack of meninglitis, but in this case the abssnce of
Kernig's sign and themsgativse result of lumbar puncture
Liave both been found of the greatest value in eliminat-
ing this causs of fallacy,

It may be mentioned hers that a preciplto-rsaction
for cerebro-spinal maningitis has been devised by Vincent

and has of late been recommendsd by other writers, but

its value does not sezm to be greater than that of the ag

2lutination method which is discussed abovs.,
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TR EATHN K NT

The prophylactic treatment of epldemic csrebro-
spinal meningitis, while not difficult as rsgards the
individual, forms a seriocus problem for public health
puthorities duvuring an epidemic. Compulsory notificati
is generally rsgarded as a necessity, so that the healtl
guthority may at the csarliest possible momsnt be able t
take steps to control contacts and surroundings.

In the Leith epidemic, Robertson not only made a

Ul

end especially of thelr floors, mainly by ths use of the
formalin spray, but he isolated all the contacts for a
short perlod and took this opportunity to disinfect thsa]
nasal and pharyngeal mucous membrane, In the case of
the Leith epidemic, chlorine water was the disinfectant
employed for the nasal douche and throat gargle, whils
in othar lacalitiss peroxide of hydrogen, pyocyanase,
End even normal salins solution have besn used. Spec-

lal attention was directed in this epidemic to the per-

and in all epidemics it is a valuable mzasure if poss-

ible to examine a swat from ths nose of all suspscts,

him to special treatment by nasal douches and the like,
As regards curative treatmsnt, the onsst of the
lisease is so sudden, its course so ssvere, and th
forbid anatomical lesions so sxtensivs and s6 intense,

that there does not sesm at first sight much ground to

and when a "carrier!" is found to isolate him and subject

thorough disinfzction of the houses whers casss occurread,
-y
[
|

Bons; whom the writer's examination sihowed to be "carrisrs"

b




‘ment must simply be foliowed. The diet should consist

95.

‘hope for usefulness in any curative method of treatmen

So far as the managemant and nursing of a cass are
|

goncerned, the ordinary principlss of sxpectant treat-

of nourisking fluids and semi-solids given at the out-
set in large quantity to countsract the wasting, which
forms ones of the main features in a late chronic case
of thiis disease, Sedatives are a prime nscsssity to

relleve the pain in the head, diminish the head re-

traction, and check ths vomlting. Many persons recom-

mend morphia for this purpose, but in the Leith cases i
was found that chloral was far better tolsrated and re-
lleved the pressing symptoms excellently, Morphia was
found to bring on coma in some patients, who previously
had been rrogressing moderately well, and in any case

1ts use was not followed by benefit to the pain beyond

& snort period immediately following 1ts administration.

Chloral, however, given in 5 grain dosess at regular in-
tervals was found to be most besneficial in allaying pai
Quisting restlessnasss, and to soms extent diminishing
the rigidity and head retraction. Ice-bags, although
their application to the hsad and spine has been rec o
mended, were not found to be of much value in diminish-
ing headache, and the cold sesmed to be 1ll-borns by
most patients and to increase the srasm of the neck and
back muscles, On the other hand hot applications af-
forded grsat relief, The same thing has bzen the ex-
Perience of various other writers, who have found that

Pain, spasm, and sls:plessnsss are all quisted by the

4
LT

0
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not pack or hot bath, Ker goes further and recommands
the routine treatment of cersbro-spinal fever patisnts
by three baths daily in which the patient is immersed
for twenty minutes in water as hot as can be borne,

The result is some hours freedom from pain and often a
guiet slsep,

The therapeutic value of the withdrawal of cerebro-
spinal fluid by luwbar puncture has besn already men-
tioned and the resasons have besen discussed which some--
times prevent it from being of benefit, In the major-
ity of cases, however, it is of considerable use in dinm-
inishing pain, rigidity, and spasm, especially when
there is a condiserable excess of fluid under pressure.
The results of Flexner's experimental work on apes and
his disccvery that the meningococcus spesdily dies and
disintegratss in the presence of normal saline solution

have led some to try irrigation of the sprinal canal with

1

this fluid, after lumbar puncture. This form of treat
ment, however, did not sesm in the Leith casss any more
than in those gquoted by other writers to have any per-

manent effect on the course of the disease. The use

of various antiseptics for direct attack upon the menin
gococous in the spinal canal has also bezn suggested.

In several cases observed by the writer, a one per cent.

Solution of lysol was smployed in this way, but no bene
fit appsared to follow its use, and in at least one

case, where death took place immediately after its in-
Jection, the fatal issue appesared to have been hastened,.

Collargol has also besn rscommended for the same pur-
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pose, but with similar want of effect. In one case
where the writer made a post mortem examination some
three days after its use, the spinal cord was found to |
show in its entire length a brown deposit of silver whﬁbh
penetrated along the perivascular spaces deepr into its
substance. This certainly showed the widely diffusive
power of the collargol, but made one doubt whether in |
the event of recovery from the disease such mestallic ‘
deposits might not be harmful in other respects,

The most modern type of trzatment 1s that by
antimeningococcal Serum. Of such sera several have
been introduced by Kolle, Jochmann, Ruppell, Dopter I
and others. As the writers expsrience 1s confined to
the use of Flexner's serum and as the most satisfactory
statistics are available regarding its employment it |
alone will be shortly considerad. As showing the
fallacy liable to attsnd the uss of novel modes of
treatmsnt it may be mentioned that Elder and Ievers in
publishing details of thres cases from the Leith
epidemic declared that decided bensfilt had followed the

injsction of an anti-pneumococci serum, although these

cases were found by the writer to be dus to the meningﬁ—
coceus, It is fitting, thsrefore, that the evidence
for the value of tresatment by serum should be'carefully
welghed, There is a general consensus of opinion that
the serum of Flexner and Jobling is possessed of powsr-
ful vactericidal and antitoxic action, and that its

Systamatic use early in cases of this disease has been

Productive of a diminished death rats. The serum is

injected at the pressnt day directly into the spinal
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‘banal , the cerebro-spinal fluid having praviously been
gllowed to escape. About 30 c.c. of serum for an ad-
nlt &nd 15 c.c. for an infant is the amount rscommendsd
the injection is made slowly, theé serum having bzsn pre-
viously warmed to body temperature; and the serum re-
places in part the fluid previously withdrawn, This
procedure is repreated daily for three or four days,
fensrally the injectlon is followed by some relief of

pain and lowering of temperature, but in a few patiants

?
the reverse 1s the experience, In a proportion of
bages after gseveral such 1njectlons the dlsease ends

by a kind of crisis instead of the usual lysis. Flex-
ner found that this result was brought about in betwesr
S and 30 per cent. of his casss and regarded it as a
very favourable sign.

The general result from using this serum systematical-
ly is that the mortality of the disease is said to have

fallen from the 70 or 80 per cent., which is the rule

ong cases treatsd without it, to about 30 per cent. It

yas found, for example, by Gardner Robb that in the Bel-
ast epidemic this reductiorn occurred among cases treat-
d by the serum, while in cases treated otherwise the
ld figure persisted. Dunn, Holt, Marsh and Williams,
er, and others have published similar results, On the
ther hand, some writers such as Netter have enterad
Totssts against the use of serum, The gquestion 1s
bvicusly one upon which generalization from a few cases
8 quite unsafe and the most valuable and extensive

tatistics are those collected by Flexnszr. From these
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if app=sars that among 712 cases trsated by ths serum

and collectasd from over the United States thers wars |

488 recoveriss and 224 deaths, giving a mortality reduc+

ed to 31l.4 per cent. The sole corrections made upon
the results rsceived by Flsxmer were that only thoss
cagses were included in wanlch the diagnosis nad been
verified by bactsriological examination, and in which

life had lasted for at least 24 hours aftsr the injec-

tion of the serum, When these rasults are groupsd ins

to classes corresponding to the perlod of the illness
at which injectlion took place, the value of sarly use
of the serum is still mors clearly brought out. Thus

of patients injected bstween the first and third day of

the dissase,180 recovered and 61 or 25.3 per cent. disd.

Of patients injacted between the fourth and ssventh day
179 rscoversd and 69 or 27.8 par cent. died. Wnile

among 129 patiénts who did not receive the serum till

S:sven days or more had elapssd, 12% rscovered and 94 o1
42,1 per cent. died. Thus even aftsr several days of
1llness the serum scems to possess decided power agains
the diseass, though its beneficial action is specially

exerted in the earlisst stage.

g

t
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CONCTLUSTIORS,

31l Bpidemic Cerebro-Spinal Meningitis has occurred

since it was first recognized over a century ago in a
cyclic manner as a series of outbrezks, between whichn 1t
is endemic in a sporadic form, (pp. 1-4 and p. 7).
) The micrococcus first described by Weichselbaum in
1887 is the cause of most cases; though,in every epid-|
emic ,cases due to other organisms occur, e,z,, cases
due to the pneumococcus, The diplococcus intracelluls
aris meningitidis is still found to correspcnd in the

main to Weichselbaum's original degcription, though thi

W

writer, as well as many other observers, has met with
divergences in staining reaction, size, and viability,
(pp. 4-11),

3, The most satisfactory methods for the recognition
of the organism were found by the writer to be (1) The
power of rapid growth for a day on ascitic-fluid-aza¥
at 379 ¢; and failure to grow at 20° C.,; (2) The
appearance of the Colonles to the unaided eye and
through the lens; (3) The morphology of the organism;
(4) Its behaviour towards Gram's stain; (5) The result
of its growth upon glucose =- and maltose - containing
media, (pp, 12-16).

4, As the result of an original investigation, the
writer found that the meningococcus is freguently pre-
Sent in the nose or naso-pharynx of persons who come in
Contact with but do not themselves suffer from the dis+
ease (pp,17-20), This has been since corroborated by

various other observers and is now generally accepted

(ppo 21"23 )l

e



101,

5. The path by whleh the organism enters the central
nervous system from the naso-pharynx is still doubtful,

5

Although there is evidence that in scme cases it enters

by the alimentary canal and first affects the cord,
there 1s a stronger probability that 1n most casss it
rasses directly in through thes roef of the nose and
primarily sets up disease in the brain (pp.24-25; see
also Conclusions 8 and 2 ).

8. As the result of an original histological invest=-
igation the writer has shown that the sphenoidal-cell
mucous membrane presents catarrhal changes in 37 per
cent, of all persons, thus randering it permeable for
the passage of organisms to the base of the brain.
(B, 26, 27a-276e). This supports conclusion 5.

frd In rodents the writer was able to produce menin-

gitis by nasal infsction, but it was shown that distri:

i

bution took place turough the blood-stream. (p. 28).
8. Post-mortem examination of 15 casss by the writer
goes to support conclusion 5. (pp. 29-35).

9. Clinical observation of 25 cases gives the gensral
characters of the Leith BEpidemic; a tabular statement
of the more important features 1s given on p. 36, a rer
sume of casss on pp. 37-76, and a critiqgue on pp. 77-
88).

10, The case mortality of this disease was 72 per cent.
in the Leith Bpidemic (pp. 90, 91); and has besn ra-
duced where Flexner's serum has besn used to about 30

Per cent. (pp?Zjﬁﬂ.

11, The other diseases from which diagnosis was dif-
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172 The most effective means of treatment ars:-

above research; (2)
and lumbar puncture;

Jobling's Anti-meningococcic ssrum.

ficult in the Leith Epidemic were tuberculous msningi-

tis, pneumonia, and typhoid fever. (pp 7/-73).

(1) Prophylactic by nasal disinfection according to ti
Expectant by Chloral, hot baths,

and (3) Curative by Flexner and

A

(b0 7577 ).
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