b

University of Nebraska University of Nebraska Medical Center
Medical Center- . .
S KTHRCUGHS FORLFE DigitalCommons@UNMC
MD Theses Special Collections
5-1-1931

Meningococcal infection

Holly H. Heitzmann
University of Nebraska Medical Center

This manuscript is historical in nature and may not reflect current medical research and
practice. Search PubMed for current research.

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses

Cf Part of the Medical Education Commons

Recommended Citation
Heitzmann, Holly H., "Meningococcal infection" (1931). MD Theses. 964.
https://digitalcommons.unmc.edu/mdtheses/964

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For
more information, please contact digitalcommons@unmc.edu.


http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F964&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1125?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F964&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/964?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F964&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu

MENINGOCOCCUS INFECTION

This disease has appeared in the literature under many
names, and it 1s well that a considerable number of the syn-
onyms be collected so that they will not be misleading.

l.Brain fever

2.Black fever

3.Spotted fever
4,Petechlal fever
5.Cerebrospinal fever
6.Malignant purpuric fever
T.Febris nigra

8.Typhoid meninglitis
9.Epidemic meningitis
10.Cerebrospinal meningitis
1l.Malignant meningitis -
l2.Posterior basic meningitis
13.Meningococcus sepsis
14.Spotted Typhus
15.Pestilential purpura
16.Malignant purpura
17.Black death

The best definition that I have been able to locate is
that of W.W.Herrick's. "An acute infection by the diplococcus
intracellularis occurring sporadically or in epidemics, having
a very variable course, characterized by a primary local
involvement of the upper air passages, a secondary invasian
of the blood stream and a usual metastatic inflammatory process
in other parts of the body."

HISTORY

The first description of the disease was made by Vieusseux
of Geneva in 1806 when an epldemic occurred in 1805 in which
thirty-three persons died. The first book was entitled, "A
Treatise on a Malignant Epidemic Commonly Called Spotted Fever"
by Elisha North of Goshen, Conn., in 1811. The meningococcus
was dlscovered by Marchiafava and Celli in 1884. Anton
Weichselbaum identified the organism as the cause of meningltis
and named it the diplo-coccus intra-cellularis meningitidis
in 1887. The first epidemic in the United States occurred at
Medfield, Mass., in 1806 and wag published under the title
of "A Singular and Very Fatal Disease which Lately Made Its
Appearance in Medfield, Mass.", by Danielson and Mann. In
1391 Heinrich Quincke of Kiel showed that it was possible to
puncture the dura mater and withdraw cerebrospinal fluid.
Domenico Cotugno in 1774 had already discovered the cerebro-
spinal fluid. In 1906 von Lingelsheim desgcribed 3 groups
of yellow cocci of this genus. In 1906 Kolle and Wassermann



announced that they had produced a curative serum. They
recommended that it be given subcutaneously. The results
were not very gratifying. Simon Flexner in 1908 produced

a curative serum and after careful work, recommended intra-
spinal teeatment. There was ndlonger doubt as to its
therapeutic result. Elser and Huntoon in 1909 described
three chromogenic groups. In 1915 M.H.Gordon and E.G.
Murray divided the meningococcus strains into four groups.
During the World War puncture of the cysterna magna was
worked out in the Army Neurological Laboratory under
L.H.Weed's direction. About this same time (1918),
W.¥%.Herrick described the intravenous serum treatment of
the disease and presented additional evidence that a
meningococcus sepsis exists 1n most cases before a meningitis.
J.E.Gordon in 1921 described several strains from colds

and influenza which produced a yellow pigment and fermented
no carbohydrates. During 1928 and 1929 in Chicago un-
satisfactory results from serum led the United States Public
Health Department to study 155 strains which had been
received. 1In 1930 Sara E. Branham, Bacteriologist of the
United States Public Health Service, reported the finding
of 14 new gstrains and recommended the recognition of a

new species named, Nelsseria flavescens.
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EPIDEMIOLCGY

There are two articles whicn are of extreme importance
in the understanding of disease as a whole and they must be
read entirely in order to give an adequate conception. The
articles will be found in volume 36, 1921 of the Transagtions
of the Association of American Physicians----Parasitism as
a Factor in Disease by Theobald Smith page 172 and The Role
of the Parasite in Infectious Diseases by A.R.Dochez.

SEASONAL INCIDENCE

When all the cases occurring during the year are plotted
by the month, a graph 1s obtained which shows that the greatest
number of caseg occur about from January to June. This is the
usuval type of graph obtained. Chart / is an illustration
showing this seasonal distribution of meningococcus meningltis
in the series of cases of Josephine B. Neal from the depart-
ment of Health of New York City, covering a 20 year period.
There are so few excepticns in the type of seasonal incidence
curve, that one does not profit any by introducing others.

If all the yearly totals for meningococcus meningitis
cases are vlotted for the corresponding year, a cycle appears
in the graph about every 10 to 15 years, but it does not
appear regularly, and is therefore of no definite value in
predicting the incidence of the disease for the coming year,
except, that in a crude way comparison of the general form of
the curve to the previous curves, gives some 1idea what to
expect. One should not lose sight of the many errors involved
in any prediction for incidence of this disease.

There appears to be a relation between an increase in
case incidence and a lowering of the temperature of the ailr
of that community where an epldemic of this disease occurred.
During the spring of 1918 a severe epidemic of 1040 known
cagses occurred at Hong Kong, China. A. . Gale in reporting
this epidemic states, "In Hong Kong, owing to the size and
localized nature of the epidemic and the existence of an
observatory from which accurate meteorological data could
be obtained, an excellent opportunity was afforded for
obtaining material on which reliable conclusions could be
based." "It is evident from this analysis that:

1. Temperature showed tune most influence. A drop in

the temperature being invariably followed after a
lag of a few days, by & rise in the number of cases.
This lag tends to increase from 3 to 4 days at the
beginning to 6 to 7 days at the end of the epidemic.
2. This fall in temperature was found to be assoclated
with the following conditions:

(a) Steady maintenance of the low temperature as
snown by the low range of temperature.

(b) Saturated condition of the alr as shown by
the approximation to each other of the wet
and dry bulb temperatures.

(c) Absence of or diminution in the amount of
sunshine.



3. That rainfall showed no avppreciable effect.”

Although 1t 1s seldom wise to draw conclusions by
analogy, that what is true of one disezse 1is true of another,
at least consideration must be given here, to a study made
by J.J.Van Logheim, Profescsor of Hygiene in the University
of Amsterdam, of colds based on nearly 7,000 persons from
September 20, 1925 till June 5, 1926. He states, "---
increase and the decrease of these colds ran parallel to the
falling and rising of the temperature of the air." Also
reference should be made to chapter 20 page 645 on Weather
and Disease in volume 1 of Epidemiology and Public Health
by Victor C. Vaughan 1922.

GEOGRAPHICAL DISTRIBUTION

Meningococcus infection is found where ever there are
human beings. It is pandemic, and small locallzed epidemics
occur every year in many countries and especially in the
United States. Sporadic cases occur all the time.

MORTALITY

(Chart shows the number of cases of meningococcus .
meningitis that occurred in the registration area of the mit
United States for the corresponding years.) In 1929 two
casegs were revorted for each death registered. In the
Public Health Reports for November 7, 1930 the statement
is made that, "The death rate from all causes per 100,000
population decreased from 1,207.1 in 1928 to 1,192.3 in
1929. This net decrease was almost entirely balanced by
increases in influenza (from 45.3 to 55.5), diseases of
the heart (208.3 to 210.9), and meningococcus meningitis
(2.6 to 4.5). Deaths from these 3 diseases alone caused
21.2% of all deaths in 1928 and 22.7% in 1929."

R.C.Williams, U.S.Public Health Service, reports,

"For the U.S. as a whole during the first 2 months of the
year 1930 more cases of meningococcus meningitis were
reported than were reported for the same period of 1929,

but early in March the graph representing the 1930 incidence
fell below the graph for last year, although it is still
above the incidence for any other year." The latest
available report showg that the graph for 1931 is below

the 1930 level up to this time.

1. MORTALITY BEFORE THE INTRODUCTION OF SERUM.

Since the book by Alfred Stillé on meningo-

coccus meningitis was published in 1867, forty

years before Simon Flexner published his article

on the serum treatment, the mortality at this

period helns to formulate some definite idea of

the possibilities of this disease unhampered

by any effective treatment. He states on page



2.

102, "----the mortelity at the Hardwicke Hospital,
Dublin, in 1866, was not less than 80%." On page
72, "Hirsch has published a table exhibiting the
mortality of the greater number of epidemics of -
meningitis between 1838 and 1865, from which it
appears that the death rate varied between 75%
and 20%. Sco, while the percentage of mortalit

was a little over 61% (170 deaths in 278 cases¥
during the recent epidemic in Massachusetts, it was
but 33% (43 deaths in 130 cases) in the Pniladelphia
Hospital. It is to be observed, moreover, that
while 10 epidemics, in various places, occurring
between 1835 and 1848 presented an average mortality
of 70%, a similar number occurring during the

decade from 1855 to 1865 gave an average mortality
of about 30%. Tnis remarkable fact would seem

to indicate a gradual decline in power in the
epidemic cause."

MORTALITY IN AN EPIDEMIC OF 1918.

In an epidemic which occurred at Hong Kong, China
from February 9, to June 1, 1918, 1040 known cases
occurred with a mortality of 85.5%. Peter K.Olitsky
of the Rockefeller Institute for Medical Research,
revorted 417 Chinese patients trecated at a local hospital
during this epidemic with the following observations:

104 patients received neither serum treatment nor

lumbar puncture--- mortality 84.6%.
346 patients received no serum but lumbar puncture
1 to 5 times---mortality 54.1%.
Tl patients lumbar puncture witin spinal injection
of antimeningococcus serum having a low anti-
body content---mortality 45%.

MORTALITY AS IT EXISTS TODALY WITI SERUIL

I want to conslder the mortality fromn meningococcus
meningitis in a general way first. P.7T.Patel reported
on 55 cases from Januvary to July 1921 at the Municipal
Hospitals at Bombay, India with a mortality of 82%.
Later on, 96 cases treated by lumbar puncture and serun
gave a mortality of 54.2%. During 1929 an epidemic of
203 cases occurred in Glasgow, Scotlend with an average
mortality of 83.5%. At the Cook County Hospital of
Chicago from January 1, to April 30, 1930 fifty-seven
cases occurred with an average mortality of 56%. At
Detroit, Michigan from January 1 to July 31, 1929 a
total of 657 cases occurred with an average mortality
of 53.2%. The state of Oregon reported 44 cases
during Januzry to September 1929 with a mortality of
81%. During this same period of time the state of



Wasnington reported 243 cases with 27% mortality and the
state of California reported 610 cases with 46% mortality.
Enough data has been presented to show that even
today with serum treatment in general use, the average

mortality rate when compared to the rates given by
Alfred Stillé in 1867, quoted above, certainly show
remarkable gimilarity.

This mortality deserves a more intensive study.

The mortality of Meningococcus meningitis in Detroit,
llichigan shows a marked variation as a study of the
following chart shows.

1924 52 cases 10 deaths Mortality of 19%

1925 42 cases 6 deaths Mortality of 14%

1926 41 cases 17 deaths Mortality of 41%

1927 50 cases 23 deaths Mortality of 46%

1928 153 " 100 " , of 65%

1929 867 " 430 ! " of 49%

Josephine B. Neal in an article published in
February 1931, states, "Our mortality has varied consid-
erably in different years. From July 1, 1917 to July
1, 1918 112 patients were treated with a mortality of
19%. From July 1, 1918 to July 1, 1919, 78 patients
received treatment with a mortality of 20.5%. Our
average mortality has been higher than this. The last
100 caseg that were treated under our supervision showed
a mortality of 23%." As pointed out above Alfred Stillé
in 1867 showed that-the decade of 1855-1865 gave a
mortality of 30%. He brought out too, that in 1867 the
mortality in one city was 61% while in another city it
was only 33%.

One arrives at the important and definite conclusion,
that to use mortality statistlics as a method of evaluating
the effectlveness of treatment in such a variable disease
a8 meningococcus meningitis, is a fertile source of error,
unless the statistics cover the same epildemic, at the
same time, with the variation coming only in the method
of treatment or in the make of serum.

Important facts come to light when we consider the
mortality of any epidemic in relation to the various ages.
In 1927 J.B.Neal and Henry W. Jackson of the Department
of Health of New York City, reported 23 cases of
meningococcus meningitis occurring in the first 3 months
of 1ife with the mortality of 47.8%, during 16 years.

The mortality of all the cases during the first year was
46%, and the mortality of the second year was 29.2%. The
mortality distribution according to age for the Detrolit
epidemic of 1928-1929 ‘is given in the following chart.



Age in Years Cases Deaths Cage Fatality

per cent
O----1 45 38 ‘ 84,4
1----} 177 92 52.0
5----9 113 41 36.3
10--34 68 23 33.8
15--19 62 ‘ 32 51.6
over20 192 124 64.6
Totals 657 350 53.2

In the Glasgow epidemic of 1929 the mortality for
42 cases under one year of age was 92%, 39 cases from
1---5 years, the mortality was 89% and of 53 cases over
5 years, the mortality was 71%.

The case fatality for the Infant's and Children's
hospital of Boston from September 1, 1923 to November
1, 1929 is given in the following chart of Charles F.
Mec Khamn.

__Age Cages Deaths Fatality
Under 1 year 39 25 64%
lommm- 2 years 10 3 30%
2----12 years 25 6 24%
Total T4 34 Average 45%

Not every epidemic shows the greatest mortality in
children under 1 year of age, but since this fact has
been watched and known for many years, it becomes a
matter of caution in prognosis, a matter of caution in
diagnosis, and a matter to which scrupulous attention
must be pald in arriving at any conclusion relating to
the effect of treatment on mortality.

Another important factor in mortality was brought
out again in the study made by G.#W.Anderson and G.H.
Bigelow of the cases at the Infant's and Children's
Hospital of Roston during September 1, 1923 to November
1, 1929. The chart below gives thelr findings of the
duration of the disease before treatment and its
relation to mortality.



Age group Duration of the Dlsesse Cases Deatn
before Treatment

Under 1 year under 1 week 16 4
1-4---2 n 4 3
P R—— 4 10 9
T g n 7 7
Over 8 n 2 2
L----- 2 years wunder 1 week 4 1Fulminating
1----- 2 0 0
R 4 2 0
b oo 8 u 3 1
over 8 n 1 1
8----12 years under 1 week 19 4( Fulminating)
l---== 2 1 0 ’
2----- 4w 4 2
Over 4 1 0

The authors make the following observations, "The
results in the cases treated within the first Week of the
disease ghow almost the same percentage of recoveries in

all three age groups In infants, the mortality rises
rapidly with 1ncreasing duration prior to treatment and
the outcome is uniformly fatal in prolonged cases. "In

view of the high mortality in infants not treated until
late in the disease, it 1s disturbing to find that of the
patients under 1 year of age 19 or 48% had been sick over
two weeks and 9 or 23% had been sick over four weeks before
the diagnosis was made and serum treatment begun. Of thne
23 patients who had been sick more than one week prlor

to the institution of treatment only two recovered."

The responsibility these facts place upon the matter of
diagnosis is self evident.

In a letter to the Editor of the Lancet in the
February 28, 1931 issue page 497 KM.H.Gorden makes the
following stauement "The mortalitj of type 1 cases in
military outbreaks From 1915-19 is put by Drs. C. Worster-
Drought and A.Mills Kennedy in their valuzble monograph
on cerebro-spinal fever at 60%. When monotypical serunm,
proved before issue to contain o definite amount of anti-
endotoxin to type 1, was employed in the treatment of such
cases a careful and critical analysis of the resulte was
made by Dr. T.G...Hine in two papers. The first, a white



paper printed Ly order of the Medical Research Committee,
and dated Jenuary 28th 1919, states that out of 34 typel
cases reported on up toc that date, many of them severe,
no less than 33 had recovered under treatment with the
monotypical serum. After demobilisation of the Central
laktoratory a final survey of the results was made by

Dr. Hine and contributed to "Special Report No.50, on
Cerebrospinal Fever" published by the Medical Research
Council in 1920. OQut of an aggregate of 65 type 1 cases
treated with the monotypical serum 59 recovered and six
died, a mortality of 9.23%.

As expressly stated by Dr. Hine, however, 1. the
pavers referred to, cases considered as moribund when
the treatment was first applied were included 1in these
figures, partly because their exclusion did not appear
to be justifiable, and also because when given the mono-
typical serum some of them recovered.

In The Lancet for February 21, 1931 page 419 these
statements are made, "A disguleting feature of the
present epldemic is that recently serum treatment
appears to have been of little avail and the mortality
has teen exceptionally high. Experience during the war
showed that therapeutic serum varied remarkably in potency,
and that while the best sera reduced the case mortality
to under 20%, many were apparently useless. The serum
treatment of the disease in Denmark in recent years has
given such poor regults that 1t has been discontinued,
and medical opinion is not favorable to it in Sweden."
"M.H9.Gordon is of the opinion that the power of neutral-
ising the endotoxin of the meningococcus is probably the
best laboratory index of therapeutic potency, since a
serum may possess High agglutinin and opsonin content
and yet have not therapeutic potency."

AGE INCIDENCE

Chart 2. is taken from the article of Josephine B.
Neal published in February 1931 together with the follow-
ing explanation, "---shows the distribution by age and
etiology of more than 2,000 cases of meningitis. During
the period in which these cases have been collected,
nearly 20 years, there has been no severe epidemic in
New York City. 1In 1917 and 1918, there was a sharp
increase in the number of cases, and in 1928-1929, there
wasg an epldemic of rather mild proportions. It shows
also that meningitis of all forms 1s essentially a
disease of childhood, and in the case of meningococcus
meningitis, by far the largest number of cases occur in
the first year of life. Of course in times of war there
are epldemics of meningitis amcng the young adults
collected in the army camps.



SEASonAL DISTRIBUTION
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In tuberculous meningitis the greatest number of
cases occurs in the second year of life. In most
instances of the other forms of purulent meningitis, the
disease is probalbly secondary to a focus of infecticn
elsewnere in the body, but it is sometimes difficult
or imposgsible to locate it by clinical exemination."

In the following table from the study made by
G.W.Anderson and G.H.Bigelow published in 1930 a
comparison is made of the incidence in Mass. with that
of New York City.

Digtribution of Cases by Age Groups

_ Mags N.Y.C,
1919-1928 1910-1925
Less than 1 year 16% 25%
Tmmm 27% 30%
5----9 16% 16%
10--14 9%; 154
15--19 1%
20--29 8% 8%
30--39 3% 3%
40--49 4% 2%
50--Up 3% 02%

Unknown T% -

Reference to the charts under mortality, together
with the evidence presented above, makes it evident
that the child of 5 and under, 1s the most susceptible
individual to infection.

SEX INCIDENCE

It has been known for many years that males were
attacked more often than females. Alfred Stillé on
page 95 of his book states, "It has in many places been
noticed that the proportion of males attacked is much
greater than of femeles, and such is probably the general
rule." More facts are accumulating which substantiate
these findings. The chart below taken from the dtudy
of the Detroit epidemic in 1928-1929 made by J.F.Norton
and J.E.Gordon shows there is & slight but definite
increased incidence among males.



Meningococcus meningitis: Cases and Deaths by
Color and Sex, Detroit, January 1 to July 31, 1929
Cases Deaths Cagse Fatality

PER CENT

White Total 542 281 51.8
males 337 182 54.0

females 205 99 48.2

Colored Total 115 69 60.0
males 64 35 54.7

females 51 34 66.7

Total Both Sexes 657 350 53.2
males 401 217 54.2

females 256 133 52.0

The study by Alton S. Pope and J.L.Wnite of 200 cases
occurring from January 1 to July 17, 1928 in Chicago,
reveals the different ratios at the different age periods,
as the accompanying chart shows.

Age Group Cases Ratio male to female
male ~ female
Under 1 year 3 T O.4
1----4 19 19 1.0
5----9 23 17 1.4
10--14 17 12 1.4
15--24 36 10 3.6
25--34 13 3 4.3
35--44 7 3 2.5
45--54 6 2 3.0
55--69 2 1 2.0
TOTAL 126 4 1.7

RACE INCIDENCE

After the study on meningitis in the United States
Army during the VWorld War became available in 19238 1%t
was revealed that during the period of April 1917 to
December 1919 there was a difference in the white and
Colored enlisted men. This difference has been known
before and is given in this chart.

ADMISSIONS DEATHS
Ratios per 1,000 Ratios per 1,000
White 1.25 Vhite JA2
Colored 2.35 Colored .91

CASE FATALITY
Ratios per 1,000
White 33.41
Colored 38.78



Reference again to chart snows the same increased
fatality for the colored individual. There appears to
be no available data on the other races in comparison
to the white race, covering sufficlent cases and during
the same epidemic, to be of any reliability.

INCIDENCE IN RELATION TO MOEILIZATION OF TROOPS

The first recorded epidemics were among young
military recruits. Chart3 is taken from the 1928
published revort of The Medical Department of the
United States Army in The uOPld Wiar. The following
explanation is attended, "Since the Spanish-American
War the diagnosgis of cerebrospinal meningitis ia the
Army has been more exact, and the records have included
only cases in which the c¢linical diagnosis was confirmed
by bacteriological examination. During this time, as
indicated gra Dhic¢llj in Chart 26, the annual admission
rate per 1, ;000 strength has been almost negliglible, except
during tne mobilization of unseasoned troops; for exsmvle,
the rate increased noticeably in 1907 atetné time’dfthe
Cubancoecupatioh, candragainrin 1917 when tine United States
entered the World Var. It 1s notevwortny that the con-
centration c¢f Regular Army Trcops on the llexican border
in 1911 was not attended by an ny remarkable increase in
the meningitis admission rate.

TYPE DISTRIEUTION OF THE MENINGOCOCCUS

Sara E. PBEranhem, Clara E. Taft, and Sadle A. Carlin
revorted ia ey 1930 the resulte of thelr work in tyovelng
155 strzins of meningococcus isolated during 1928 to 1929.
The spot man is taken from thnls revort, and 1t well repsys
careful study. They also made a comparison as to oercentabe

of the different groups for four different years. ‘Tne
accompanyinz tabtle chows the distribution of ocur 15
strains according to type, exsressed 1n percentage. The

first column shows the type distribution in the eoiaemic
years of 1918-19 as deterﬁlded by Futterfield znd Neill.
Columns 2 and 3 sanow the distribution of types in 2 non-
epidemic years as determined by Evans. Column 4 shows

the distribution among the types during the epldemic

vears of 1928-29 as determined ourselves. These typlngs
are interesting to compare, because they were done with
practically tne same technigue, and the same four=standard
type stralns of meningococcli were used to prepare the

type sera."



Sropiss I onisgesers e e e 42
Trpe  |B5L| ¥, | A2 |2
Rercent | Recent | Racent | Brcent
I 37.5| 187 67| 52.7
I 258 | /&7 | T~ J:0
ar 2/./ /2.6 | -———- /5’./ |
I 2.3 63| 13.3| /2.2 |
Not inthe Above| 13.3 | 43.7 | &o. 9.2




Grouning of Meningococcus in the United States
According to Gordon's Types.

Type 1918-19 1921 1922 1928-29

1 375 18.7 6.7 52.9

2 25.8 18.7 --- 7.0

3 21.1 12.6 -— 18.7

4 2.3 6.3 13%.3 12.2

Not in the above 13.3 43,7 80.0 9.2
(128 straing) 16 st. 15 st. 155 stralins
per cent per cent per cent

MULTIPLE CASES IN THE SAME FAMILY

Since the first epidemics it was noticed that more
than one case of meningococcus meningitis in-~a family
seldom occurs in any epidemic. In fact, the occurrence
of multiple cases usually becomes a matter for a pub-
lication in some journal. Alfred Stillé on page 102 of
his book states, "If there is one point in its history
which is established by tne concurrent testimony of
American and European writers, it 1s the extreme rarity
of its attacking the vhysicians and the nurses in
attendance upon the sick, and thnose patients affected
with other diseases, who occupy tne ad;oining beds in the
Hospital wards." On page 99 he says, "In the present
instance it may be affirmed that epidemic meningitis
has been pronounced non-contagious bX almost the un-
animous verdict of competent judges. Jl.Angevine in
May 1930 reported the deatns of two children in the
same family occurring about 8 months apart. The mother
wag found to be a carrier of the meningococcus.

Archibald Hoyne and E.T.MeEnery reported in November
1929 the occurrence of meningococcus meningitis in a
10 year old girl, followed by the disease in a sister
after admission, and a brotner 9 days after the second
sister. Only the toy recovered. The also report the
example of a mother and three children in the same family
who came down with the disezse within a period of 3 days.
The mother and one child recovered.

M.R.French in an article published in February 1931
in a study of meningococcus meningitis in Milwaukee,
Wisconsin during the period of 1927-1928 and 1929, has
the following to say, "----; while in 17 different families
there were 2 or more c:ises in each, or a total of 37
multiple cases.

In 3 of these families, Nos. 4, 15, and 16, where
multiple cases occurred, there were 3 cases each, wnlle
in the other 14 there were only 2 cases. In all of the
homes with the exception of the first 3 there was an
interval of a few days between the onset of the first



case and the others. In the first 3 the dates of onset
of the lst and 2d cuses were the same."

"As a rule the older persons in the family develoned
the disease first, witn the exception of families, Nos.
14, 1€, and 17 (unknown). This wes especially noticeable
in family No.5 where the mother, tne lst case, developed
the disease 3 days before her 19 months old baby came down.
Also, in family No. 6 where the fatner, 36 years old,
developed tne disease 7 days before his 1C year old son,
both elept together just prior to the onset of their
illness. In family No. 7 the 25 year old uncle developed
the disease 3 days before nis 10 year old niece.

The interval between the onset of these multiple
cases 1in the homes varied from the same day to 8% months.
Eight multiple cases developed thne disease on the same
day in their respective families, indicating a common
gsource of infection in the home; 20 developed within 1
to 8 days; 3 developed within 25 months; 2 cases in 8g
months; and tae interval for 2 was unknown."

William H. Pickett in reporting an epidemic in
Saginaw, Michiganifor 1929, the article written in
February 1931, out of 264 cases 2 families nhad 3 cases
in the same family and 9 families had 2 cases in the
family.

Mazwell P. Borovsky reported thnat only 5 instarnces
of multiple cases were noted from April 18927 to September
1928 in 190 czses at tine Ccok County Hospital Chicago.

" Josephine B. Neal reports in February 1931 that,

In our experience, there have been only 24 instances in
wnich there was more than 1 case in a family, or a clear
nistory of exvosure. 0f these, 10 occurred in 1916,
1917, 1918 and 1919, and 10 ia 1928-1929."

S. Mirsky reported in the Canadlan iledical Journal
of 1930 the occurrance of 3 caseg of menl:igoccccus
meningitis in Stonecliffe, a small village in Ontario.
There were £ children and 2 adults in the house. Three
children develcped meningitis and made good recoveries.
"No other casesg to our knowledze occurred in that district
at that time nor did any subseguently develon."

RECRUDESCENCE, RELAPSE A4llID RECURRENCE

A recrudescence 1s & return of the symptoms before
the vpatient has really recovered from the disease.
Defined agein as increased severity of a disecse after
a remission.

A relapsge is a return of symptoms after the patient
hag teen well for a montn. Defined in another way as
a return of the gymptoms after & period of convalescence
of &6 weelks.

A recurrence is a second attack of the disease
occurring after many months. In anothner manner it 1is



defined as the disease occurringz acein as the result
of a new infection after an intervening symptomless
period of many months.

The definitions are very crude and the prectical
application of them 1s very inaccurate. This comes
about because of the lack of any worth-while defini-
tion of "remission," "convalescence," "disease," etc.

The above definitions.take into consideration only the
interval between apparent recovery and the actual
manifestations of the disease. That is, 1f the patient
£till has manifestations of the disease when the symptoms
flare-up again, it is a recrudescence; if there are no
menifest symptoms and the disease returns, it is a
relapse, some making the symptomless interval a period

of one month and others over 6 weeks. Just what period
of time 1is the division between relapse and recurrence

is not definitely indicated, so that among different
articles there 1s more or less overlapping. The definitlions
are 2lso inaccurate in another way, no consideration is
taken of the fact that the organism causing the recurring
gymptoms may be the original one or that the organism

may be a new species, and that the individual may be a
carrier of the original organism for years before a
recurrence of the disease 1s manifest.

At this stage of our knowledge, it is evident that
if the differentiating points are widely separated,
it is probably cne or the other, but in those cases fall-
ing in either one, it becomes a confusing classification.

The following articles are given without making
any definite evaluation. Stillé in 1867 wrote, "Relapses
are very far from being uncommon. Jackson, &c. state
that thex occur "in many instances;" Gallup speaks of
them as "very common;" Hale notices "several cases;'
and in numerous examples referred to.by Parks, they-were
met with." Foster and Gaskell in 1916 state, "That
genuine relapses occur 1s beyond question, but.their
frequency 1is doubtful." W.W.Hertick says,"It ig difficult
to draw a distinction between recrudescences and relapses.
The former occur in perhavs 20% of cases. If the
criterion of relapses 1is made an arbitrary period of
6 weeks during which thcre is freedom from active
symptoms, relapses occurred in but l%% of the writers
cases." I.P.Bronstein reported a study in 1929 of the
recurrent cases of meningococcus meningitis cases
since 1866 and reported the case of a man 42 years of age
who developed meningitis 4 times. The attacks occurred
4 2nd 6 months after the first. The last and fatal
attack occurred after a period of 7 years.

Sir Humphry Rolleston and F.W.Andrewes state, "Re-
crudescences, or return of the symptoms before the .
patient has really recovered from the disease, are
common, and several may occur." "True relapses, or



return of uymptoms after the patient has been well for
a month are rare." 'Relabses after many months cannot
be distinguished from second attacke Which, though
most exceptional, undoubtedly occur.

THE PROELEM OF THE CARRIER

A "carrier" is an individuzl harboring a pathogenic
orgenism in his.body, clinically not suffering from this
particular infection and capable of transmitting this
organism to other individuals either directly or indirectly.

Before the year 1901, when Albrecht and Ghon first
discovered the meningococcus in the throat of an apparently
healthy man whose child died of meningitis, nothing
was known about the carrier and the great importance in
trensmission. It is no wonder that Stillé states, "In
the enidemic which we observed in the Philadelphia
Hospital, no evidence whatever of contagion was afforded."

Since that time a tremendous amount of time and .
study has been devoted to the detection, isolation and
elimination of carriers of meningococcus, but so far,
it is of slight practical significance in the prevention
of disease.

All those individuals who are members of the same
family, or who have taken meals in the same room or who
have slept in the same room or an adjolining room, with
a case of menlngococcus meningitis, are called "Contact
carriers." The Lancet for February 21, 1931 gives this
definition. "By the term "contacts" is meant those ind-
ividuals 1living in the same house, taking meals or work-
ing in the same room as tne patient at tne time of and
during the week preceding his development of the disease."
The inadequacy of this definition 1s apprarent.

Individuals found harboring the meningococcus and
not coming under the atove definition are called

"non-contact carriers." Extensive carrier surveys
made in many camps showed that from 1 to 3% of apparently
normal individuals, who presumably had not-been assoclated
with meningitis cases harbored meningococci 1n tne upper
resoiratory tract. These versons were called "casual" or
"non-contact carriers.’™’ Temporary or casual carriers are
defined by Viector C. Vaughan as ---"those in whose naso-
pharynx the meningococcus is found at one examination
and is absent a week or ten days later and in all sub-
sequent examinations;" chronic carriers or permanent
carriers as ---"those in whom the results are positive
at two or more examinations a week or ten days apart.

W.W.,Herrick has a slightly difierent idea of the
casual and chronic carrier. He states, "The casual or
secendary, carrier is usually such for only a shor time,
but may become a chronic earrier. The average length of
time during which the meningococcus can be found in the



nasopharynx of these secondary carriers is 3-4 wveeks,
atout 90% of carriers belong to tinis group. A smeall

per cent may continue as carriers for 12 or even 20
months and then become free from the organism. The
third or chronic carrier group is the most dangerous

of all. Harboring meningococcus usually in large numbers
in the nasopharynx, tonsils or accessory sinuses of the
nose, these individuals, innocent of their power to harm,
keep alive the organism during non-epidemic periods and,
when conditions of association, of atmosphere or other
less well understood factors are favorable, transmit to
others the infection to which they themselves are immune.
Not more than 2% belong to this group." The percentage
of carriers among contacts is greater than among non-
contacts, depénding upon the degree of intimacy.

R. D. Herrold in 1918 showed that out of 93 carriers
54.6% had a negative nasopharyngesl culture while the
culture from the tonsils, anterior superior nares or the
sputum, was positive. His study revealed zlso that the
individual witn a wide distribution of the orgenism was
a carrier for a longer veriod of time than the individual
with a more restricted area of infection.

W.M.Scott in 191€ was able to study 16 cases of
meningococcus meningitis and in 8 of these the nasopharynx
culture gave positive results even after complete conval-
escence. Three were still positive 3 weeks after discharge;
one for 9 weeks and one was still vpositive after 3 months.
He wes able to study 150 individuals---33 males and 112
females, presumalbly non-contacts, wno came in to the
dysvensary for treatment for coughs, rheumatlism, etc. The
veriocd of time was June lst to July 15tna, 1915. The final
results were that 22% gave positive nasopharyngeal cultures
identified by microscoplcal and cultural characteristics.
It is interesting to note tog, that the colonies are reported
"almost pure culture" in 2 cases, "numerous" in 15 cases,
"few" in 8 cases, and in 10 cases only one colony occurred.

In 1917 ....Scott made a furtizer study of the
meningococcl by comparing the meningococcel found in the
nason-harynx of 71 apparently normal ladividuvals witn the
meningococcl from 60 cases of meningococcus meninglitis.

The organisms vwere carefully studied for mcrphology,
culture, agzlutination, and absorntion of agglutinin and he
arrives at the folloring conclusion, "The conclusion in

my first report is thnerefore maintained that any strain
nogssessing the admitted morphologlcal and cultural
characters of the meningococcus should be regarded as
pvotentially pathogenic without considering its eerologicsal
reactions." :

Constant Ponder in 1917 studied the results of naso-
pharyngeal cultures from 400 individuals. At Addenbrooke's
Hospital during June and July 1917 thirty strains were
obtained from 200 vpractically normel individuals. At the
Norfolk and Norwich Hospital during August 27 streias were
obtained from 100 infividuals mostly in impaired health.

At Cambridge during October 37 strains were obtained from
100 cultures from factory employes in good health and
comfortable circumstances.




He states, "Such strains were found more often in males of
every age group than in females, and in adults more often
than in cpildren. "In exumkninb the employes at a factory,
I obtained the strains in & higher proportion from the men
working 1in those shops where air space Was more rsstricted
and ventilation less perfectly effected." He comes to the
same conclusion as W.lM.Scott when he states in the conclusion,
"With regard to those naso-pharyngezal strains waich were
not identified with cerebro-spinal strains by serological
tests (agglutination and absorption), I coasider that in
view of the great variation in the serological reactions
shown by different etrainsLefuﬁndoubted&meningngocci .andcry
even by different emulsions of the same strain, it is very
difficult, if not impossible, to exclude any such micro-
scooicully and culturally typical orgenisms from the
meningococcug group on the basgsis of serological tests."

In an article by M. Z. Gordon he states, "The report
of Captain Hartin Flack on cerebro-spinal fever in the
London District during 191¢ demonstrates in a convincing
manner the velue of the agzlutination test in actual
vractice, both for detecting casces of the disecse, and
also for 1de“t1fv¢q~ Carrler . ﬁitL re "rd to ceses ne

coccug could be obtalaea fxom the cere ro-ahlnﬂl fluld of
a patient, (2) on examinaticn of the n&SOﬂne°;q: of the
patient he confirmed the later observation of von Lingel-
shelm as to the constant presence of tize meniagococcus
there at the onset of the digease, and he cshowed further
thet thils meningococcus in the nasopharynx was always of
the same trpe as that present in the cerebro-gpinal fluld
of the patient when this was positive. A similar observ-
ation as to the identity of type between the meningococcus
in the nasopharynx and cerebro-spinal fluid of tne came
cagse has also been reported by Major F.W.Andrewes. This
constant presence of the meningococcus was found by
Captain Flack to have a direet clinical applicaticn in
facilitating a correct diagnosis of cerebro-spinal fewer
in the very cases where help of this kind was most needed,
namely in cases where the symptoms of the patient were
atypical, or where the cerebro-spinal fluid failed to yield
a growth of the meningococcus. The importance of early
diagnosis cannot be over-emphasised from the point of view
of successful serum treatment. Captain Flack also found
that the same type of meningococcus was most prevalent both
in casges and in carriers during ithe period that he was

in charge of the London District C.S.F. Laboratory.

Another observation made by him was tnat, like the cases,
chronic carriers are remarkably mono-tynical in tne sense
that the great majority of tnem cearry one and the same
type of meningococcus tharoughout the whde period of their
carrying. Tnis was confirmed by Captain Tulloch."



" A.Eastwood in an article published in 1916 stated,
There 1is an obvious difference between diagnosing the
meningococcus 1in cerebro-spinal fluid witndravwn from a
vatient with symptoms of meningitis and identifying this
orgenism in & culture from the nasopharynx of a perscn
not clinically affected with the disezse. Assuning the
two organisms to be alike in cultural characters, with
the former the confirmatory evidence of specific patho-
geniclty 1s supplied by tane condition of tue patient;
with the latter organism, thkils confirmatory proof is
lacking. In the case of suchk organisme as the bacilli
of nlague, tukerculcels, cor anthrax, the proof could
readily be proved by animal experiment; but for the
menisgococcus, as for the typhoid bacillug, there is nct
laboratory animel avallable for routine demonstration
of gpeciflc rathogenicity. It 1s therefore necessary
to be content with indirect evidence that an orgaenism.
isolated from the naso-pharynx is capable of producing
cerebro-gpinal fever."

A.Bastvood made & study of 480 outpatients beginning
on March 29th, 1915 and terminated on July 22nd of the
gsame year. The first 100 (completed April 19th) geave
20 positives; the second hundred (completed Mey 6th)
gave T; the third 100 (completed June Tth) gave &; the
fourth 100 (ccmpleted June 24th) gaveT7; the last 80
(completed July 22nd) gave 9.

Eastwood arrives at the following conclusion. "How
far do the zbove congiderations provide an answer to.
the question: 1is a naso-phayrgeal strain, found identical
with true meningococci in culture and fermentation tests,
to be regarded, ipso facto, as capable of producing
cerebro-spinal fever in a sultable soll? It 1s impossible
to reply by a categorical "Yes" or "No", because the
evidence is incomplete. The balance of avallabtle evidence
is on the side of "Yes." 1Is future work likely to reverse
that balance? It might, if it can be ghown that serum
reactions or animal experiments place the great majority
of non-contact stralns into a distinct class. But this
evidence is not yet forthcoming. If it is provided in
the future, it will be necessary for me to reconsider
my present opinion, which is that all naso-pharyngeal
strains, as defined above, should be regarded as possibly
capable of vroducing cerebro-spinal fever." .

J.A.Glover in 1917 stated, "It would.ap-ear that
estimations of the carrier-rate by means of large sample
swabbings afford o rellable warning of the immninence or
danger of an epidemic." "During the epldemic, the
carrier-rate among non-contacts was substantially the
same as amongst the actual contacts of cases, averaging
349 for the period, in each case." "Sever overcrowding
(1.e. when beds are less than 1 foot epart) is usually
accompanied by a carrier-rate (serologicsl) of at least
20%. (Twenty per cent, 1s the danger line indicated in
the %er Office Memorandum on Cerebro-spinal Fever,

March 1917.)



In Arthur Eastwood's second report in 1917 we
find the following:

"§ith reference to the work of the Board's inves-
tigators on the carrier problem it will be useful to
clear up certain ambigultles attaching to the signi-
ficance of the convenient terms "contact" and "non-contact."

There 18, I believe, general agreement on. the
following matters:-

(1) Cerebro-spinal fever develops in persons wno, prior
to the onset of the disezse, have %earried" the meningo-
coccus in thelr nasopharynges.

(2) The number of persons who develop the disezse is very
smell in proportion to the number of carriers.

(3) The meningococcus is disseminated amongst the
porulation by contact with carriers.

(4) Wnen a person develops cerebro-spinal fever, some of
the perscns who have been in intimate contact with him
will also, in all probability, be found tc be carriers.
Such carriers may be termed, collectively, Group 1.

(5) It cannot be assumed that each member of Group 1
became a carrier owing to contact with the person who
developed the disease; it is quite possible that the
patient derived his infectlon from one of these hezalthy
carriers.

(6) Persons nct in contact with the patient may have been
in contact with one or other of the persons A,B,C, etc.,
who constitute Group 1, and may have become carriers in
consequence, thus forming grcups A,E,C, etc.

(7) Similarly each individual in Groups A,E,C, etc. may
te the focus of another group; and so the process may go
on indefinitely. '

(8) Carriers may retain the meningococcus in their throats
for a2 long time, though not, as a rule, for more than
two or three weeks.

It is thus evident that a2 case of cerebro-spinal
fever can usually be regarded as assoclated, directly
and indirectly, with an indefinitely large number of
carriers, of whom (a) some are known to have been in
contact with the patient; (b) a larger number can be
found on enquiry to have been associated, directly or
intermediately, with (2); and (c) a still larger number
are intermediately connected with (a), but the connecting
links cannot be traced. Then the rest of the population
would comprise (d), all the persons, whether carriers or
not, who have no connecting links, however remote or
obscure, with (a).

To avoid ambiguity, therefore, the distinction
between "contacts" and "non-contacts! should be expanded
into a2 distinction between (a) direct contacts (known),
(b) indirect contacts (knovwn), (c¢) unknovwn contacts
(direct or indirect) and (d) versons who have not been
contacts either directly or indirectly.



Fred. Griffith in his second report in 1917
after a study of 66 strains of meningococci from the cerebro-
svinal. fluid and 86 strains from the naso-pharynx of non-
contacts states in the summary:

"The naso- pharyngeal 'strains are not serologically
separate and distinct from the cerebro-spinal strains,
and moreover have not been found to exhibit among them-
gelves such serological differences as would justify the
separation of any number of them into a clasg or clagses,
identieal with each other and distinet from meningocoececi
of cerebro-spinal origin.  Consequently I can find no
Justification for the fiew that nasopharyngeal meningo-
coccli of the non-contact differ as a class from strains
wnich might be found within the fmmediate environment of
cases of the disease. The occurrence of such organisms
in considerable numbers among the on-contact population,
though unexpected, is in accordance with epidemiological
experience that the majority of cases of the disease
cannot be traced to a previous focus."

In volume 9 of the iedical Department of the United
States Army in The World War published 1928 the following
statements are made:

"The results of attempts to immunize normal individ-
uals against meningococcus infectlons by means of specific
vaccines were inconclusive." "Contact carriers isolated
until their naso-pharyngeal cultures indicated that they
were free from meningococci. Various antiseptics and
anti-meningocoecus sera were used locally, and vaccines
were administered subcutaneously 1n attempts to readicate
meningococci from the upper respiratory tract. The results
of such treatment were not of obvious value, but fortunately
the carrier state in contacts was usually temporary and
even without treatment over two-thirds of them cleared
up in a short time. Many observers thought that, except
in carriers with diseased tonsils, sinuses, or pharynx
where surgieal removal of the focus was indicated, it
- was beegt to rely chiefly on excercise, fresh alr, and
sunlight for treatment of the carrier state." "The
l1solation and treatment of these;large numbers of
meningococcus carriers proved to be a very difficult
problem. They were kept in speecial wards, hospitals, or
in segregation camps. Many antiseptics, including
dichloromine T, tincture of ilodine, silver nitrate
solution, and others were used locally in the nose and
throat. The injection of meningococcus vaccines or
local applications of serum apparently had no specific -
effect upon meningococcl in the respiratory passages.
Although some observers claimed that certain anti-
septics were effective, it can be stated that no %enerally
satisfactory specific cure for tne carrier state was
found. Apparently, outdoor exercise and exposure to
sunshine was about as effective as the usge of drugs in
the treatment of meningoccccus carriers.



The results of attempts to immunize normal individuals
againgt meningococcus infections by means of gpecific
vaccines were inconclusive.

Theoretically, it saculd be possible to prevent the
occurrence of meningitis Ly the isolation of all cases
and carriers, but the experience of the World Wer dem-
cnstrated the futility of such a course in large, active
military organizations. As a result, during tne latter
art of the war it was consildered advisable to limit
sclation and treatument toc actual casecs of meningitis
nd contact carriers and to attemnt to keen down infection
v paylng particular attentiocon to the ilwprovement of the
senerzl living conditicne.™

GeeuicCoy, Director, Hygslenic Latorztor:, of the
United Stetes Public iealth Service, in an article
gublished in July 1929 has this to say of carriers,

Most carriers clear up witnin a few days regardless of
what one does or does not do, and it remains to be shown
that the process of recovery from the carrier condition
can be hastened by any means now at our disposal.”

During the prevalence of infectlon carriers are very
numerous. In a study made in Detroit recently it was
reported that 46% of household contacts were found to
be carriers, while as high as 6% of unexposed persons
showed meningococcl in the nasopharynx. Data of this
sort lead one to realize the well-nigh hopeless nature
of any attempt to control the carrier."

Frederick L. Gates in 1918 showed that the chronic
meningococcus carriers may be relatively immune to
epldemic meningitis because of the presence of specific
antibodies in the blood. He found thet the blood serum
of the carriers would agzlutinate meningococcl.

In a letter tc the Editor of the Lancet for February
24th, 1931 J.A.Glover has this to say about isolation
of the carriers. "There are however many reasons to
regard this procedure not only as not ideal but even as
a vain endeavour. First it has been shown that, in an
infected community in which multiple cases of cerebro-
sninal fever are occurring, the carrier-rate will almost
certainly be high. Secondly it may be assumed that there
will be hundreds of carriers to every case, and that in
large collections of individuals (in barracks, schools,
etc.) living under similar conditions and circumstances
(mainly &f intimate contact if not of crowding) the
carrier rate of so-czlled "non-contzcts" will be equal to
that of so-called "contacts". Thirdly,.even if the
necessary ltacteriologicul facilities are available for
determinging whether the organism is a true meningococcus,
it takes time to get the result of a swab, and all this
time rapid transference of meningococci 1s taking pla ce,
so0 that, when the result is known, some carriers will
have cleared up, whilst others will have teccme infected.
Fourthly, one swab 1s not a conclusive test.

O



While therefore there may be some justification for
isolating the infected instituticn or community ae a
whole from the outside world, it is not desirable ‘to
isolate those individual carriers who as "contacts"
have been found positive. A procedure more useful. tnan
such isolation is to diminish the masgs-infection in the:
community by (a) "spacing-out" of beds; (b) improving
the ventilation; (c¢) prevention of any indoor crowding
in canteens, etc, and possitly, but much less certainly,
(d) by exposure of all the individuals of the community
to an antiseptic vapour spray as was done on the large
scale during the wer. The only case in wanich any benefit
is likely to accrue from the isolation of the individual
carrier is one where there are special circumstances of
contact, which enable the "casual carrier" to be ident-
ified."

"Another point in which my experience leads me to
disagree is with regard to thne utility of sniffing up
liquid disinfectants whether a solution of chloramine T
or other fluids. Such a procedure is not witnout risk,
and I have never been able to satisfy myself that it had
any beneficial effect upon the carrier state in chronic
carriers. Temporary carriers in good hygienic conditlons
clear up so rapidly (even without treatment) that
obgervations upon them are deceptive. A fine vapour
gprey using a solution of zinc sulphate 1.5 to 2% seems
sometimes to have a beneficial effect, and at any rate
to be without risk. If any other form of medication is
used for the nose it is probably safest to administer
it in the form of a finely divided oily spray."

During the World War A.J.Eagleton came to the
following conclusions from a number of valuable experiments
and states, "Experiments 1-8 show therefore that in the
type of army hutlinvestigated the bacterial content of the
alr during sileeping hours is very nigh and that the air
throughout the hut is uniformly infected." Experiments
11 thru 16 were done with meningococcus carriers. "The
conclusions to be drawn from the above experiments, limited
as they are, seem to be the following:

(1) In the ordinary infantry sleeping hut, there is

a stagnant well of infected air in which the men
sleep.

(2) This desd space extends up to 8 feet above the

ground level. :

(3) The wider the hut and the lower the temperature,

the better the condition of the air.

(4) More adequate ventilation is needed; probably

this could be ottained by ground ventilation.

(5) The meningococcusg can be carried at night from

a carrer to his neightors unless tne bed space is
more than 5 feet.

(6) The spraying capacity of a carrier varies between

5 and 15 feet, but is 5 feet during ordinary sleep.

(7) The meningoccccus ig carried in the spray to a

much shorter distance then many other orgenisms."



MODE CF INVASION

" S5tillé makes tnis statement oa nage 125 of his book,
All other epldemics are propagated more or less, and eitaner
directly or indirectly by contagion, nowever muca atmospheric
conditicons may favor their diffusion. But epidenic mening-
itis and influenza appear to nroceed, primarily and alone
from some unknown constituents or conditions of the atmos-
phere, or some canjunction of terrestrial causes, the nature
of which at »nresent eludes our comprehension alto ether, and
about which 1t is an idle waste of words to speculate."
Wel.Deming in an article in 1930 brinzs out the

knovin point @hdiﬂ that the soiled finger will coanvey infection
into the eye. "It is asserted, aal the viriter belisves

vith truth, that the hands are acre massively solled with
infective agentc in acute disezses of tue upper roesniratory
trzet than any other vehilcle of contagica, especially in
ambulatory pa tlents.

ne ubmest stress

faetrer th i1g verified or uot, tn
should be laid OA Lrejueht hand “uvgj‘g, on avoiding contact
of the hands with the mouth, nose, and eyes, end on avoiding

contacts such as hand sh&ging, Ioooa and dish handling with
unwashed hands, at any time.'

The editorial department of the New England Journal of
Medicine for January 2, 1930 discusses W.HE.le Gros Clari's
findings in nhis Report to the Committee on Vaccination on
an Anatomical Investigation into the Routes by which Inf-
ections may pass from the Nasal Cavities into the Brain,
and states, "Using Weed's solution, he injected material
into the nasal cavity of live animals; examinaticn of the
brains histologlcally within a few hours demonstrated
clearly that the granules of Prussian blue passed upwards
by way of the perineural sheaths of the clfactorj nerves
and reached the suriace of the brain within one hour. He
produces evidence to ghow that the perineursl sheaths of
the olfactory nerves are continvous above with the sub-
arachnoid space and extend peripherally along the fibres
of the olfactory nerves to the olfactory sensory epithelium.
He also postulates the existence of a current rassing
upward from the nasal mucous membrane. Evidence was found,
moreover, to support the ldea that material might pass up-
wards by other pathways than by the perineural sheaths of
the olfactory nerves, by wey for instance, of tae blood
vessels piercing the cribriform plate in company with the
olfactory nerves and bty direct propagation along tane proto-
plasmic axis cylinders of the nerve supplying the peripheral
infected areas. He found no evidence to support the old
proposition of Key and Retzius that the subarachnold space
was in direct communication with the lymphatic vessels of
the nasal mucous membrane."

A.Sophian in an article publisned in 1929 says,

"It is accepted that the nose and the tanroat are the portals
of entry of thne meningococcus, and tnat nasopharyngitis
predisposes to infection. Many consider that every case
of meningitis is first a case of meningococcus pharyngitis



and this has been proven 1in many instances. Illeningococcus
tonsillitis has also been descritea.

Invasion by tne meningococcus from the nose and throat
is believed to be affected in one of two ways---by the
primary invasio: of the tlood stream. causing & meningo-
coccus septicemia with secondary locellzction ia the meninges,
or by direct infectioun from tne nose through the lymphatics.

It was at first suggested that the meningococcus reached
the meninges by direct extension upward, tarough tihne cribri-
form plate of thne etimoid; later i1t was sugsested that the
course was through the sphenoid, it belng shown in a study
of 39 cases that only 2 had inflammation of the sphenoidal
sinus. It was suggested that after the sinus became infected
the suppuration might readily extend through the thin lamina
of bone over it. The localization of the exudate at the
base in the region of the hypophysis was considered gignifi-
cant, but similar localization has been found in secondary
meningitis as from the ear and in tuberculous meningitis,

- and & like locilizaticn occurs in experimental meningitis
in the monkey.

Most of the evidence points to the primary blood inf-
ection as the probable channel. The clinlical and laboratory
evidence to be discussed later is eantirely confirmatory

Menlqgitls is disseminated through tne medium of healthy
carriers.'

Harold L. Amoss and Frederick Eberson in 1919 stated,
"That tne portal of entry of the meningococcus into the
body 1is tie mucosa of the nasopharynx is generally admitted.
The point wixich has not been settled is whether the meningeal
invasion is lymphatic or henatogenous. The most direct route
would be along the lymphatics of the olfactory filaments to
the meninges of tie base of tae brain; but no convincing
ev1dence has been brought foreward for that mode of invasion.'

"Up to the present no satisfactory solution of the
problem of the mode 01 infection in epidemlc meningits has
been secured, and nolconsiderable additiocns to our knowledge
of the sub]ect have been made since the pandemic of 1905-10."

Sir Huamphry Rolleston in 1919 classified tine invasion
in this manner,

"The Path of Invasion.
Direct invasion via lymph.
Lymphogenous infection along spinal nerve roots.
Invasion of the bloodstream from the portal of entry
in the nasopharynx. First, nasopharyngeal entry;
second, general hemic inf:ction and third, localization
in the central nervous system.
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CAUSE OF DEATH

The cause of death has been thougnht to be:
1. Toxemia.
2. Respiratory failure---due to cefecral hyneremla
and edema.
3. Local cerebral sepnsis.
4 .Hydrocephalus.
5. Bronchopneumonia.



DAY'OF DEATH

5t111é¢ on paze 103 says, "1ws Niemeyer states that 1life
1s most endangered during the first four days of the attack.
Out of 38 deatns, 23 took place within that period. The
Sonclusions drawn by Parks from his careful analysis, are,

first, the prognosis, during tne first few days, at least,
1s grave; secondly, after four or five days have elapsed,
i1f fatal symptoms be not present, the rospect becomes more
hoveful; thirdly, tune patient is not safe, even in conval-
escence, since -there nave been instances of fatal relapse."

In 1919 Sir Humphry Rolleston stated, "Out of 86
deaths among 225 naval cases during the third and fourth
years of the war 17 occurred within the first two days or
were fulminating ceses, eilgnt on the third and 12 on the
fourtnh day, so that 37, or 42% of the deaths occurred
within the first four days. Three deaths occurred on the
fifth, 5 on the sixth, and 2 on the seventh day, so that
47, or more than half tne cases, were fatal witnin tae
first wesk. During tie second week there were 15 deaths,
during tne third week 12, during the fourtn and fiftn
weeks 3 each, 2 in the sixth week, 1 in the seventh week,
and isolated cases on the 57th, 67th, and 90th days of the
disease."

Vaughan on page 534 of his book states, "Of 20 fatal
cases reported by tais euthor, seven died within 24 hours,
5 within 48 hours, 3 in 72 hours, and tae remaining
from the third to the seventh day. Fish says that deatn
took wvlace usually between elgnteen hours and seven days,
btut e reports instances of patients dying after 12 days.
In reporting an epidenmic in Vermont, Fassett states that
in no case did recovery take place in less than from 3-5
weeks, and Ketchum, reportingon other patients in thie same
epidemic, states that severalldied after 5 or & weeks.
Tourdes saye that the disease 1s distinguished T the slow-
nessg of recovery and the rapidity of £atal issue, and
Hirsch adds that i1ts duraticn is between & few hours and
several months. Relapses are not infrequent." .

George H. Garrison in an article published in 1929
states, "A more strining reduction in mcritality cccurs,
nowever, vhen vwe consider tae patients surviving tihe first
48 hours after adaission. Of the 89 deathns in the first
zroup, 38 occurred within the first 48 hours after hosp-
italization, and 51 occurred later. Of the 59 deatins in the
gecond groun 34 died within 48 hourg after admission to
the hospital, and 25 died after that interval. In the first
group this mortality is 41% and in the second group 15%.

Ve believe that this reduction in mortality is due to tue
more intensive treatment received in the first 48 hours
after hosritalization. Undoubtodly there has been gradual
improvement 1n the serun during the ten years but the
combined mortality rate from 1916 to 1926 inclusive 1is in
excess of 50%, and the abrupt drop to 30% came in 1927
coincident wit: the more intensive treatment."

-



M.AFrencn in reporting 387 cesces of lenlngococcus
meninzitis in trhe city of Lilwaulkee saye," The firet
few days of 1llness were the ones of greatest danger
for the life of the patlents, for 60% of all deatis
occurred during the first 6 days of illness. The largest
number of deatns cccurred in the 3d day, followed closely
by the 1st, 6th, 3d, 4th, and 5tn deys. Deaths continued
to occur, however, during the following days, decreasing
as the number of days of 1illnesg increased.

No recoveries were reported until the 12th day of
illness, and from that time on through the 35tn day over
77% of all recoveries had taken vlace. The larrest
number of recoveriesg were from the 21lst to the 26th days
of illness. However, recoveries continued to be reported
for as long =g 60 days and over from dste of onset."



DIAGNOSIS

Henry Heiman and Samuel Feldstein on page 208 of
trneir book on Meningococcus lieningitis state, "Symptoms
that speak for the presence of meningitis pure-and simple
are: Fever, rapid pulse and respvirstions, hezdache,
vomiting, convulsions, delirium or unconsciousgness, rest-
lessness, pupillary changes, mydriasis on flexion of the
heed or irritation of tune skin, strabismus, facial paresis,
hyperaesthesia, rigidity of the neck and spine, retraction
of tne head, orhtotonus or opisthotonus, tache cérébrale,
bulging-fontanelle or Macewen sign, Kernig sign, Brudzinski's
signs.'

The most important of these are hyperaesthesia,
bulging fontenelle in infancy or Macewen sign in older
children and adults, mydriasis on attempted flexion of the
nead or irritation of the skin, rigidity of tie neck,
retracticn of the nead, Kernig sign, and Brudzinski's signs."

"Sources of Diagnostic Error.---Failure to make a
correct diagnosis of tie disease is chiefly attributable
to two facts: (1) Absence of one or mores of the characteristic
symptoms of the disease; (2) prominence of one or more symptoms
thet are more characteristic of some other digezse. In cases
belonging to the first class, we zre misled by the non-
appearance of one or more of the following symptoms: fever,
psychlc disturbances, rigidity of the neck and Kernig signe

Cases are described in tre literature in which the
temperature was normal during the first few days of the
disease. Indeed in the older descriptions of the disease,
before cliniczl thermometry came into general use, thnere is
frequent mention of the fact that fever was quite often
absent. In the subacute and chronic ceses prolonged periods
of apyrexia are quite commonly seen. b

Psychnic disturbances are at times so slignt that they
are easily overlooked. The patients are appérentlyoratichél
&hd'ahnswercguestiéhs quite intelligently. This is the more
striking when we consider the gravity of the conditlon and
the marked lesions whicnh may be present in the meninges,
brain, and cord." :

Michael Foster and J. F. Gaskell (1916) on page 28
of their book state, "With perfection of tne technique of
lumbar puncture it became possible to recover the meningo-
coccus from the cerebro-spinal fluid at an early stage of
the disease. An early dilagnosis andthe institution of
specific treatment are thus secured vy one and tine same
procedure. The guestion to be deterrined, therefore, is
what cardinal symptoms are sufficiently suggestive of the
disezse to justify the immediate performance of lumbar
puncture. A sudden onset, probably accompanied by a rigor,
headache gradually increasing in intensity, and vomiting
occurring within the first 24 hours, noint towards meningitis,
but are common to other infections. The absence of herpes
or a macular rash is of slight value: these do not apnvear
until the third to fifth day, and to walit for confirmation



from their appearance might mean fatal delay. The vpresence
of a petechial or purpuric rash, whnicn may appear in the
first 24 hours, leaves so little doubt as to justify
immedilate lumbar vuncture. Haemopnlilia must be excluded,
as lumbar puncture has been performed on & case of this
diseage with meningeal haemorrhage, the difficulty in
arresting bleeding first calling attention to the true
nature of the case. Head retraction is variable in the
date at vhich it makes its appearance, and much stress
should not be laid on its absence. The cervical muscles
snould be czrefully examined for any tenderness cr stiff-
nessg; 1f this 1is present, the probability in favour of
meningitis ig increaséd. The value of Kernig's sign in

all adult cases cannot be over-estimated. This value lies
firstly in the date of its appearance,---it may be oniy
slightly marked at the end of 18 hours, but is usually
fully developed at the end of 24; and secondly in the fact
that it 1s never present in its fully-marked form in other
affections lialble to be mistaken for meningitis. Kernig's
sign is common to all forms of meningitis of whatever origin ,
but its presence 1s a powerful factor in determining the
necesslity for immediate lumbar puncture. Retention of
urine is an important symptom to be taken into account. It
occurs in a large proportion of cases, many of which are
comnaratively mild ones. Furtner, it may make its appearance
at the end of 24 nhours, and is an uncommon symptom at this
early stage in otier febrile arfections. The presence of
this symptom should be given great welght in estimating

the relative values of the clinical aspects of the case.
Early delirium, especially when assoclated witn the persis-
tence or indeed ag-ravation of the neadache, tends further
to differentiate the case from other acute infections. To
sum up: a patient who has keen seized with sudden illness
ushered in by a rizor, accompanied bty severe headache
rapidly growing worse and soon accoznpanied by vomiting,

may be regarded as a suspiclous case. ‘hen Kernig's sign .
is present, and there is some pain and stiffness of the
muscles of the neck, and if retention of urine occurs, the
probabilities are sufficlently great to justify lumbar
puncture. Delirium going on to coma, tane precence of
petecnial rash, or of head retraction, woculd merely confirm
these probabilities."

Josepaine B. dNeal in volume & of Abt's Pediatrics
(1925) stetes, "The principal symptoms and paysical signs
to be consildered in studying meninzitle are tne followling:
. Teapersture, pulse, resplratio:r.

. Headacne.

. Stiffness of neclk.
Kernig's sig:.
Brudzinski's sign.
Convulsiors.
Paralysis or narcsis.

.
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. Jental conditlon; unconsciougnesg, stupor, deliriusg,
Irritability

J. Zosgtro-1is tCEtlﬂi_ conuitio ; vomiting, dierries, consti-

nation.

10. Eledder; reteantion, supsression.

1i. Reflexeg; norual, increased, diminished, lost; egusl,
unegual.

12. Eyes; punils---equal, Vo“u¢actea
resction to lisnt. ' UuOSlu,
conjunectivitis, 1lritis, keratitis, disturc-
ances oi vision, diplopie 8 - 1tv, etc.

3. Hzre; nearins

; bice, 1 2t it 1s practical

3 erular little relation to the -
It vearies greatly in different cases, and even 1in & ulven
case it does not follow any particular course. The temp-
erature at the onset is almost invariatly elevated, from
102 to 105 degrees, and it ordinarily remains elevated
usually with remissicns every few nours during the course
of the dise:cse, falling by lyslis as the patient improves.
Rarely a case is oractlc 11y afebrile tn rouuaout a long
and tedious illness."

"Pulse.---The pulse is usually increazsed 1in rate,
though often not in proportion to tne teuwperature, is
refular in raytim and of zood volume and tensgion."

"Respiraticn.---The respiration is often of the
Eiot the, snowling marked variation in the rate and depth.
The rate 1s usually increased in proportion to the temp-
erature. In very severe cases the Cheyne-Stokes tyve
often develops near the termination.”

"Headache and Other Sensory Disgturbances.---Severe
neadacne is an almost constant syuptom 1in patients old
enough to indicate thelr sensaticns. It 1s often difiuse,
but it may be locwlized in the occipitzl or frontal region.
The pain is usually very intense. A measure of relief 1is
afforded by lumtar puncture in most instances. = Pains
in tne limbs, excemt following the injection of serum
wnich freguently causes some pain in the legs, is not

ery common. There may be »ains in the back, especially
in the cervical region. Patients are frequently hyper-
esthe 1c and sensitive to light.'

"Hdypertonicity of Muscles and Motor Disturbances.---
One of the most marked and characteristic symptoms of the
disease is increase in muscle tone. This shows itself in
various ways: First, the stiffness in muscle tone. This
is almest constantly present in patients over a year old.
It varies from a slight anteronosterior stifiness to
retraction with almost complete fixation of the nead.




The retraction may be so greagt that swallowing is
Impossilble. Anotner manifestation of tihis nypertonicity

is opilsthnotonus, wnich often develcps in serious and nro-
longed ceases, eswecially in vposterior bw31c types. The
Kernig's sign is a third manifsstation." “rnls sign

unless well marked, has secemed to us of mucn less value

then the stiffneseg of the neck. It is often absent or
difficult to determine in young children, and few sdults who
are not very athletic fall to suov some reslistance tc complete
extension. The Kernig's sign is usually egual on tue two
sides. To the szme cause 1s doubtless due tae Brudzinski
neck and leg signs. The neck sign is the more valuable.
Indeed, in young chnildren.it is often of more value than

the Kernig or the stiffness of the neck." "Convulsions

are rather commnon 1in young children, but as they occur

wilth so many other diseaces they are not particularly
diagnostic. In adultu dﬂQ older caildren they occur only
in the severest cases."

"Convulsions are rather comzon in youn children, but
as they cccur with so meny other diseasges tﬂey are not
varticularly diagnostic. . In adults and older children,
they occur only in the severest CooeS.

"Paralyses are rare, but they may occur. They may
by very fleet¢ﬂg "Paralyse« of tne eye muscles are the
most Irequent.

"Mentdl Condition.---The asental conditlon is subject
to the widest variations. In rather mild caces, the
mentality may be practically normal throughout thne course
except for some irritebility and restlessnescs. In more
severe cases active delirium may develop early, sometimes
clearing up with the [irst dose of serum. In other cases,
when recovery is slower, 1t lasts longer and may recur at
intervals. In unfavorable cases, tiie delirium 1s usually
succeeded by stupor, progressing to coma."

"Gastro-intestinzl Symptoms.---Vomiting zlmost
constantly occurs early in the disease and may be very
persistent for the first 24 to 48 hours. It is generally
not projectile in type though 1t 1s not often assoclated
with nausea. It usually clears up with the institutlion of
treatment but in untreated cases it often recurs period-
1cally

'Eladder Symptoms.---Retenticn is an occasional
symptom and from it cystitis may develop."

"Reflexes.---The patellar reflex is often increased early,
becomes lost as tne disease progresses and returns during
convalescence. It may, novever, remaln normal throughout
the illness. The cutaneous reflexes are not of great value."

"Mac Ewen's Sign and Bulging Fontanelle.———Au increased
pressure in the lateral ventricles, especlally in calldren
after tie closure of the Toqtuneile is indicated bty a
chanze in the percusslon note Qver tle lateral ventricle."
"ie neve not used this method. "Eefore the fontanelle is
closed, thne use cof the sign 1s not indicated, but the
absence or presence of a tal¢1ng fontanelle 1s an almost
infallitle indication of tine state of pressure of the spinal
fivid. It is not absolutely infalllible tecause on several



occaslonsg & lumpar puncturs revewleld lncreased pressure
1L"OH'1 the fontznelle daid not tulze."
™

Eruntlcng.---Hernetic zad nemoy
the =nost frequent. Hero W,
enidenice, cccur ore freque
excent iu ne genticemlic . Qe
hemorrhagic rash 1is nearly constant.

"Most of the conditions relating to the eye and ear seem
to belong to complications ratner then symptoms and are
described under that heading.'

"While it seems undesirable to attempt to classify the
disease too closely and to assign symptoms to the various
classed, it is necessary to call especial attention to the
fulminating and septicemic type and to tie indefinite
symptoms of the disease in infants.

J.E.Neal in a recent article published in February
1931 stetes, "In very young children the early signs and
symptoms of menlingitis indicate a disturbance of the gastro-
intestinel rather than of tie central nervous system. The
disease beglns rather abruptly, often with vomiting, almost
invariably with greenish slimy stcools, irregular fever,
and irritability. The fontanelle practically always shows
incregsed pressure. Tne cnlld does not respond to tne
ordinary methods of treastment for gastroenteritis, but it
is not until the disease is felirly well advanced that stiff-
ness of the neck, opisthotonus and chnanges in tne reflexes
develcn. The case therefore is usually disgnosed and the
gserun treztment 1s besgun late in the disease. It is for
this reason, I balieve, that the mortalluy in thhe first
year of 1life 1s so high. Our wmortality has been abcut 45%.
Debré said: "In times of epidemic think of meningitis
and do a lumbs . Duncture on every infant sick without
apperent cause." It is even more imvortant in our opinion
to do this when there is no epidemic.

Whenever a patlient shows signs of meningeal irritation,
there should be no delay in doing a lumbar puncture. It is
only by the examination of the spinal fluild that a definite
diagnosis can be made. The symptomatology of all forms of
purulent meningltis are so similar that the bacteriological
examination of the spinal fluid is essentiel for the diagnosis."”

Volume 9 of The Medical Department of the United States
‘Army in the World War (1928) states, "The specific diagnosis
of cerebrospinal meningitis depends upon the isolation and
identification of the menir ngococcus fromitthe cerebrospinal
fluid. During the ¥World ¥War, spinal punctures usually were
performed on all patients with symptoms of meningeal irri-
tation or inflammation; and the diagnosis was based entirely
on the bacteriological examination of the spinal fluid.
Wegeforth and Latham, however, warned against the indis-
criminate use of spinal puncture as a diagnostic procedure
in human septicemia, stating that the release of sgsvninal
fluid was an important factor in the development of men-
ingitis. Thlis observation was preceded by the investigations
of VWeed, Wegeforth, Ayer, and Felton, wno showed that in




animels suffering with an exverimentally onroduced bacter-
emla, spinal nuncture was invarlably followed by meningitis.
It was therefore recommended that careful consideration be
given to the bactericlogical study of tie blood before
attempting puncture of thne spineal canal. However, in spite
of the fact that cases were observed in which the spinal
fluid obtained &t the first puncture wazs sterile and from
later punctures infected, thls was usually considered only
an indication of the normal progress of the infection; and
it was gulte generslly believed that diagnostic spinel
puncture in meningltls was not attended by any serious
results.

The observations of previocus workers that meningococci
may invace the blood stream were confirmed during the
World War by Herrick. He reported that in a comparatively
large percentasze of the cases at Camp Jackson, Z.C., the
organlism was isolated in cultures made of the blood before
the appearance of meningeal symptoms; and, as a conseguence,
he advocated the more general use of blood cultures as
an 2id to early diagnosis, and proposed that the terum
"meningococcus sepsis" be used.

In most cases 1t is possible to isolate the meningo-
coccus from the upper respiratory tract, and nasopharyngezl
cultures may be helpful, when meningococcl in a turbid
spinal fluid escape detection. During the World War naso-
rharyngesl cultures were used mailnly in the detection of
carriers, but occasionally as an aid in the diagnosis of
cages.

The symptomatology of cerebrospinal meningitis observed
during the World War did not differ materially from that
already recognized as characteristic of the diseasge. Natur-
ally, differences occurred in the percentage of severe and
mild cases in tre various caomps, resulting in variations in
the predominant clinical signs and symptoms."

A.Sophien in an article published in 1929 states,

"In the early stages especially, the characteristic feature
of the disease 1g & hyperactive, nypersensitive mental state,
freguently undisturbed except for occasional periods of
delirium. As hydrocevhalus increases in tne later stages

of the diseage, tne patient Ttecomes stuporous and later
comatose. Even when stuporous nowever the patient will
respond upon being disturbed.

he symptoms above deccribed include some of tne more
important ones of sepsis in acute meningitis. The symptoms
next to be considered are those due to (1) meningeal irri-
taion and (2) hydrocephalus (accumulation of fluid within
the ventricles).

Headache is constant and a bitterly complained of
symptom througnhout the whole course of the disease. It 1is
most often referred to the frontzl region or vertex. Some-
times, especlially in women, 1t 1s localized in tne occiput.
The patient protests that his head is splitting and begs
for relief, even asking for lumbar puncture 1if relief nad
already been experienced by that means.



Photopholbia ig & comnon and annoying symptom from the
very oncet.

Convulsicns are noticed most oiten 11 young cunildren
in whom they may usiner in tne disezce. They are absent
in meny cases c¢f older cnildren and adults. Jhere the
disezse 1is progrescsing unfevoracly and is accompanled by
a steadily increasing hydrocephiialius, generzl clonic and
tonic spasms ffeouen*iv occur. At tne onset of meningltls,
convulsions are usually general end clonic in character
Later in the digecse local spacme lasting for nours. In
cnildren under one yesy of age convulsiocns are of very
significant imnortance. If tetany can ke excludea cne
should bte very susplcioug of meanlngliltis.
T 1t0ﬁ1nq is observed host offen late in tue clsgewse
end acte much the s ey as the local convuleglicn.

1,

General Todily pa cripoal 1n charactor ig quit
common at the onset Wltn the development of more active
meningeal signs, »nain 1ls referred pr1n01na17" to tane back

of the neck and along the spine.

Rigidity of the neck 1s one of tine most important
diagnostic symptoms. t 1s an early and constant sign,
persisting througnout the entire course of the disease.

In the very early accumulative cstage rigidity of tae neck
is absent, or thnere may be a 1ittle anueroposterior spas:
on attempting to flex the hezd. As active meningitils

sets in, the neck Tecomes rigid and LLXvu, and attemots

to move the head in any dlrhctlol are resisted and cause
consideratle paln and spasms of the posterior group of
neck muscles. A good weay to tect thnis sign, especlally

in young cnildren, 1s to place tie hand uzder the occiput
and raise the hezd gently. If rigildity ke present, one
can usually raise the head and trunk without flexing the
neck. Varying degrees of retraction of tne nead accom-
pany the neck rigidity. &t times, chiefly in the cases

of posterior bacic meningitlis, there 1s extreme retracition
of the nead, the occiput almost touchling the spine. The
rigidity of the neck, the spasm and retracticn of the head
usually subside witn improvement in the disesse. There 1is
2 "limbering-up" of the neck musclesg, and iiue patient bezins
to move around, at first very cautiously, then freely.

Hot infrequently however thne rigidity of tre neck with
oplsthotonos persists well into convalecscence and dis-
appears very slowly. There seems to be a considerable
element of fezr that prolongs the spasms in these cases.
In tne last moribund stage of tiie disease there is complete
relaxation of the neck as elsewhere.

Rigidity and bewing of the spine go nand in hand with
the rigidity of the neck. '

Tenderness on pressure at the angle of the jaws 1is
an early sign of some diagnostic importance.

Kernlg s sign, like the neck sign, 1s a very early
and constant symptom and is of very considersalble relative
diagnostic significance tnoug:n present in other forms of
meningitis. It is of little value in children under two
years. The test 1s made Ly flexing the thigh on tae
abdomen, then attempting to flex the leg on the thigh.

In most normal individuzlg the legs can be fully extended
thougn in some this can be but partially accomplished.

In such instances nowever there is a sudden sharp spasm

of the nhamstring muscles accompanled by acute pain referred



usually to the back of thie leg and thigh, sometimes to
the lumbar region. Thus, 1in meningitis cases during the
active stage it is often impossible to extentd the leg
more than at right angles. I have tested thls sign
several thousand times in meningitis caseg and have found
it vpositive in 95%. As the disease declines, the sign
becomes less pronounced. In the last moribund stages
there is relaxation here as elsevunere in tine bkody.

Vasomotor Phnenomena.---Tache cérébrale 1s an erythema
tnat appears quickly on slight irritation of tre skin,
well obtained by gently scretcoing the skin. This sign
ls only of minor relative diagnostic importance. Other
vasomotor phnenomena, sucia as spnontaneous flushing and
verspiring of different narts of the body, are commonly
seen, especially in cases with marked hydroce-halus.
Vomiting occurs in most cases at the onset. To
characteristic fe.tures 1is the:fact that it appears
causeless, that nausea and other evidence of gastro-int-
estinal disorder are usuvally abseant. As hydrocephalus
increases, vomiting becomes projective and alwmost uncon-
trollable. Bowels are often very constipated. Pupils
are most often dilated, sometimes irregular, responding
sluggishly or failing to respond to lignt.

Severe Pressure Phenomena: Pulse.---The pulse rate
in meningitis 1s very irrecular znc 1is apparently inde-
pendent of the amount of intracranial tension, tempersature,
or genersl condition. At times 1t 1s very slow, fifty or
under. Most often 1t 1s rapid, avera;ing over one nundred.
It is astonisning how comfortable and in what seemningly
good condition patients having a tachycardia up to 160
will appear. Irregularity and intermitting of the pulse
are early slgne of considerable diagnostic value.

Irregularity in Respliration.---Respiration is most
markedly affected by 1ncreasing lntracranial tension.
Many observers have studied tnls important chaange. Bilot
in 1578 described a type of respiration wnich has since
bee called Biot's breastning and by older authorities
ceretral brestning. He consider:d tae btreathing to
te chieracteristic of meningiltis as against other cerebral
conditions with respiratory disturbance. According to
Biot, tne "meningitis raytha" lacks the raythaical
alterations of periods of apnes and periods of gradually
increzeing and decressing respiratory movement which are
the essential feature of the Cheyne-Stokes' type. Tae
respiratory pauses occur at irregular intervals and tne
individual respiration showed variabllity as to both size
and rate.

Connor znd Stillman studied 43 cases of meningitis,
making gravnic tracings of the respiratory movements.
Thirty-twvo of the cases were tuberculous meninglitis,
and respiratory irregularitieg were cbegerved in all at
gsome time during tne illness, usually duriang the greater
part of it. Of tue remaini g eleven cases, six were of
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a chlld wno was very restless and had constant twitcnings

making it impossible to get satisfactory tracings.

According to these authorities, respiratory irregularities

appezr early 1n meningltlis. They divide them into tae

(1) Cheyne-Stokes' tyvne; (2) Eiot's meningitic type;

(3) and undulatory tmoe.

CheyneStokes' tjﬂe ves observed in 53% of tue
meningities cases. Elot's breat:ing also occurred in
27% of these cases.

Biot'e breatining is characterized Ly: (1) Periods
of annea of varyinﬁ lenbtn and occurrlng at irregular
intervals, (2) constant irregularity in tne raythm
and in the force of the ind . vidual respirations; (3)
the frequent occurrence of deep, sighing respiratio:n.

Biot's breathing was enccuntered twice as frequently
in adults as in children, while tne Cheyne-Stokes' tyoe
was present almost twice as often in children as in adults.

Connor and Stillman particularly call attenticn
to tiie occurrence cf deep sighing, saying that in their
experience it is rare in conditicns other than meningitis.
It was observed in a great many cases and wae of consid-
erable diagnostic 31gn1flcdnce.

The undulatory type differs from tne other two types
of breathing in that the apnea does not constitute a
feature. This form of respiratory disturtance was seen
at some time in the course of almost every case.

In discussing tbe diagnostic value of respiratory
irregularities in men ngitis, tney state tiat irregular-
ities occurred in 95% of ceses of meningltis studies. of
the three types of arhytnmia, Biot's is unguestionably
the most nearly pathognomonic of meningitis, In making
tracinze of several hundred patients, both adults and
children, suffering from different dise.ses, they met it
in only one case not meningitis. Most of the resplratory
irregularities observed occurred when the patientc were
in a state of stuvor or coma, but there were a number of
exce-~tions to this rule.

The incidence of Elot's tywpe in the tub@rculous cases
was distinctly less than 1n the non-tuberculous cases,
there teing five instences of i1t among tne 32 tuberculous
cases, 4 or 30% axnong the 13 adults and 5, or 17% among
the thirty infents and children.

In a very larce experience with epidemilc, tuberculousg
and othner forms:of meningitis, I have always considered
resviratory irregularity an important diagnostic and
prognostic symptomn. It has usually been absent in ceses
without dpor801aple hydrocephalus, i.e., 1in cases with
little fluid. I have found it to be one of thne most
significant signe of hydrocechalus, indicating lumbar




puncture for relief of pressure. The most common irregularity
occurring early in tne disecse has corresvonded to the
undulatory type described by Connor. Biot's type, usually
called cerebrel treathing, is of very considerable prognostic
importance. I have seen it freguently in all types of
menlingitis but never in any otner dlsease. It occurred

late in the diseacse and was usually indicative of a hopeless
outlook. Of several hundred cases that I studied I have
record of only one cace of epnldemlc meningltis that recovered
after tinls tyne cof breatning developed.

Bulging of the fontanel in young cnildren occurs with
hydrocephalus and is the most important physical sign of this
condition. The fontanel is full, sometimes extremely tense.
Crying causes tae fullness to become more proncunced.

Regular pulsation mey be present. External heavy pressure
over thne bulging occassions considerable pain; 1f continued
it produces stupor, convulsions, resvlratory pressure sym-
ptoms, and desth. Macewen's sign is of tiie same significance
as~the bulging fontanel."



TREATMENT

For the reasons stated under the mortality study
the majority of the figures showing the effectiveness
of serum therapy 1in meningitls, are worthless and
for that reason only the treatment used by the New York
City Department of Health 1s considered to be controlled
satisfactory enough to demonstrate the effectiveness of
the serum therapy.

Dr. William Park in January 1931 made the following
statements, "During the past twenty years, fashions have
changed from. time to time in thne metnod of administering
the gerum. In the earlier days, the serum was glven
intraspinally once in 24 houre for four doses and for a
longer time if the fluid did not become sterile. A rather
moderately silzed doge of serum, about 20c.c. was advised
at thet time. BSince then certaln woriers have advocated
& more intensive method of treatment. They have admin-
istered the cerumn introsplially every twelve, elignt, six
or even four nours. It has also been recomuended tnaet the
gerun be given intravenously or intramuscularly or both in
all cosges in additicn to the intraspinal administration.
This intensive methnod of trestment wae greatly in vogue
during and shortly after the war, btut a study of the
mortelity in certain institutions where thils method vwas
carried out, nas been very unconvincing as to 1its value,
Indeed, tune mortality of cases thug treated has been
generally much nigher than those treated more coaserv-
atively."

Jogephine E. Nezl in an article publisihed in February
1931 she states, "Antimeningococcus serum has been accepted
in the trectment of meningitlis for abocut 23 years, and for
more than 20 yearse its use has bren very general. It seems
a little strange that in spnite of this long period there
should still be go much difference of opinlon in regard to
its proper administration with respect to route, freguency
and azmount. There are several reasons why this is so.

One reason 1s no doubt the fact that at times serum of
poor guality hac been used, end in an attempt to save life
it has been given in large and freguent doses when a more
tonservatitve treatment had been ineffective. Vhen this
more intensive treatment also failed, the physicien knew
little more than before in regard to the relative merits
of the two methods. Another reagon, is no doubt, that

the type of the disease has differed quite markedly in
different outbreaks. In certaln outbreaks the septicemic
form of the disease has been very common. In perhaps the
ma jority of cases, this form is relatively rare. A third
reason probably lies in the fact already stated, that each
case of meningitis must be studled and treated more or
less on its own merits. Cne can therefore gain a comp-
rehensive view of the disesse only after quite extensive
experience. It 1s a great mistake to draw conclusions



frem the observation of only a few cases.

Our opinion in regard to the treatment of meningitis
is based on an experience of 20 years with more than
1,000 casges. During this time we have compared our results
Witq those obtained in institutions where more radical

methods of therapy were employed. Our method is usually
as follows: whenever lumbar puncture ylelds a cloudy

or hazy fluid, antimenilngococcic serum warmed to body
temperature is immediately administered by gravity.
Furtner serum treatment will depend on the cultural
examination ‘of the fluid, but 2ll cases of purulent
meningitis are treated as being of the meningococcus type
until they are proved to be caused by some other organism.
Intraspinal administretions of serum are contiaued about
every 24 hours until at least two successive specimens

of the fluid show no organisms by smear or culture.

The dose of serum 1s usually 20c.c. if as much or
mere fluild has been obtained. If the amount of fluid
withdrawn is great and the serum runs in easily by gravity,
without untoward symptoms on the part cf the patilent, '
30 to 40c.c. may sometimes be administered. On the other
hand, in certain instznces when only a small qguantity of
fluid 1s obtained we may inject more than the amount of
fluid withdrawn provided the serum runs in easily and no
unfavorable gymptoms result. It is desirable to drain the
subarachnoid space s completely as pogsilble Lefore in-
jecting serum, but 1f the fluid 1is under greatly increased
pressure, care snould be taken tc withdraw slowly. Using
this preceaution, 50 to 60 c.c. or more of fluid may be
safely withdrawn. If headache develops during the removal
of the fluid, it usually aquickly disappears when the serum
is injected. Almost the only condition under which we
inject serum oftener than once in 24 hours 1s when the
fluid 1s under so greatly increased pressure that a puncture
at more frequent intervals seemg indicated to relieve it.
This rarely occurs.

Some physiclans have recommended graduated doses of
serum for young children, depending ratiner arbitrarily on -
the age. We have not found this necessary. We depend
ratner on the amount of fluid withdrawn and the ease with
which the serum runsg in by gravity in determining the
size of the dose, but it is necessary to exercise more
thanordinary care in removing fluid and injecting serum
in young babies.

It is rarely safe to give fewer than 4 dosec of serum.
A case of average severity will require perhaps from 6
to 8 doses, and cases are occasionally seen where 20 or
more aye necessary before the fluid becomes sterile. As
statedy the serum treatment is continued until 2 successgive
fluids are free from organisms. This 1s by far the most
important indication for stopping treatment. Another
indication, of less value, 1g the return to normal of the
spincal fluid sugar. The cell count of the spinel fluid 1is,
by itself, of comparatively little value. VWhen two sterile



spinal fluids have been obtained it is usually safe to
stop the serum treatment, temporarily at least. It is
often necessary to do several lumbar punctures during
convalescence for thne relief of pressure, and these
fluide should be carefully examined and cultured, as the
return of organisms would indicate additional serum
treatment. I have emphasized tue latoratory tests as

a guide to the administration of the serum, as it is
rare indeed that the clinical picture is not accurately
reflected or even predicted by the changes in the

spinal fluid. If, however, tne symptoms do not improve
after the fluid becomes sterile, and the serum has been
temporarily discontinued, it is well tc resume the
injections, as they may be due to a localized meningitis
with edhesioneg which may be favorably influenced by thae
continued use of the serum.

If signs of blocking develop, recourse should be had
to ventricular or cisternal vpunctures znd the administra-
tion of serum Lty these routes. In bables where the fon-
tanelle is still open, ventricular puncture is to be
preferred to cisternal as it 1s less dangerous and more
certain of success, since the tlock is quite asg likely to
be above the cistern as below it. We nave occasionally
encountered cases vwhere little or no fluid nas been
obteined by lumbar puncture and yet serum has run in
easily by gravity, and there have not been signs of
increased pressure. Several such czses have made satis-
factory recoveries without resorting to ventricular or
cisternal puncturecs.

We are, perhaps, more conservative thien many in dolng
ventricular or cisternal punctures. I have never seen any
immecliate herm follow a ventricular puncture. On the other
hend, co:paratively few bables where this treatment has
been necessary have recovered. I do not telieve that we
know at present what may be the after effects of repeated
trauma to the brein tissue. As regards cilsternal punctures
I do know that deatn has occusionally fellowed promptly,
due to hemorrhage. It seems unfortunate that thece fatalitles
are not reported, as we not infrequently rezd accounts of
large series of cases without accident written by physicians
using this technic in patients:with syphilis of the
centrzal nervous system. The dangers are much greater,

I telieve, when there is an active inflammatory process
with layers of adhesions 1in the neilghbor-hood of the
cistern, as 1s likely to be the ccege 1n meningitis.
Cisternal punctures should be attempted only by those who
have had adequate practice on the cadaver.

In regard to the intravenous cr intramuscular injection
of serum, we believe that this 1s indicated only in ceses
of meningoccoccus septicemia without meningits, or in those
cagses of meningitis which show & prolonged invasion of the
tlocd stream by the organisms as indicated Ty repeated
positive tlood cultures or a rasn that saows a tendency to
persist or recur. While it is probable that in practically



all casses of menin:itis there is an iavasion of the btleod
strecmn early in the disesge, we thiniz that in tae very

gcrezt majority of casesg thls invasion 1s transitory and

that injections of serum other than intraspinally are
unnecegsary. In some instances thls has been proved by
Llocd culture znd.in many more it has bteen very definitely
estarbliched by toe rapld fading of the resh and the clinicel
improvement of the patient. The intravenous administration
of gerum 1s not without danger, as a severe or fatal reaction
occasionally follows. Severacl sucn instances have been
brought to our attention. Certainly patients tolerate

serum much better by the intraspinal than by the intra-
venous route.

In cases that run a chronic course and in the occasional
case that does not tolerate serum, we have used an auto-
genous vaccine, often withh apvarently good results. e have
glven the waccine both subcutaneously and intraspinally.

e are not prepared to claim too much for it s in some
ceses no benefit has followed its use. iy colleague,

Dr. Applebaum, n&as recently reported & case in wnich an
autogenous vaccine was administered totn intraspinally and
subcutaneously after sensitivity to serua develoved. The
petient recovered. '

The general trectment and nursing of patients with
meninglitis are most important. They sould be disturbed
as little as possible and if they are restless, sedatives
must be administered. Adegueate nourishment should be given
and tne fluld intake must te sufiiclent. Care should be
taken to prevent acldosis. Retentlon sometimes occurs,
so that catheterization is necessary. Constipation is
the rule and enemas or high colonic irrigations are better
than pergatives."

"Meningitis is certuinly a very serious disease and
every.effort should be made to produce a more effective
serun. e have done some experimental work in »roducing
an antibody. The results are encouraging but the pre-
paration of the antitody is still in an experimental stage."

"The response of many patients to serum treatment is .
almost spectacular and the results are aighly gratifying."

Augustus VWadsworth in an article of February 1931
states, "Pernaps the most striking instance of the
comparative potency of the &-strain serum which we are now
distrituting 1s to be found in the report on a series of
czseg treated at the Post-Graduate Hospital 1in New York
City by ¥Wrignt, DeSanctis, and Sheplar. Thesge came from
one district in ew York City and ver evidently severe.

The first 10 were trested with different comuercial and
other serums. All died. The remaining 34 received this
6-straein serun, with conly 4 deaths: 2 were moribund when



treated and 2 developed pneumcnia. It is important to
note thst bub°91uent experience indicoted thet conditions
relatin? to the c“&ruc*ﬂr and severity of thie czses had
"ed, nor ned the relative effectiveness of the
°€”J‘~ len vere °uLsu;tutea at intervels vhen tne
QlSuFlbdtlon of the &é-stroin serum to the hospital was
withheld. IHowever, a much larger nunber of cases treated
under zg uniform conditions as \Gouiv&e is required to
obtain sigrificant uOmuaPatLV” results.
"The clinicel re norvi, tre gtetisticel comparison

of the mortalities in larg e uerles of cecses, zuad the

egsulte of campareative testiing in the laLoratory all
1@&;0@0@ the wdvance that has been made in the preparation
of antimeningococcus serum.
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