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of the rabbit’s blood to the melted agar, previously cooled to 45 C. I
to use rabbits instead of pigeons for securing the blood, because of the
greater ease with which considerable quantities of blood can be obtained
from the rabbit. It was found that when the blood was mixed with the
agar, a better growth of colonies could be gecured, and they could be
studied more readily. It was preferred to counterstain the Gram prep-
arations of the bacilli with 10 per cent. aqueous safranin, since that stain
brought out plainly the poled extremities.

Tt has been the custom at the Babies’ Hospital for the past two win-
ters to take cultures on blood-agar plates from the pharyngeal and bron-
chial secretions of almost every child admitted during some period of its
stay in the hospital. When patients came to antopsy routine cultures on
blood-agar were prepared from both lungs and the blood of the heart.
In this way we have collected a considerable number of different cnltures
and strains of the influenza bacillus and numerous data on its occurrence
in the body of children during life and after death.

CLINICAL CASES OF INFLUENZAL MENINGITIS

Within a little more than a vear, specimens of cerebrospinal fiuid
from eight cases of influenzal meningitis have come into my hands for
study. In some instances, the fluid was sent to the Rockefeller Institute
to be examined for Diplococcus intracellularis and the influenza bacillus
was discovered accidentally. In other cases, the patients were admitted
to the Babies’ Hospital, where the fluids were examined and in one case
an autopsy was performed.

CASE 1.—The turbid fluid obtained Ly lumbar puncture from this case was
sent to the Rockefeller Institute by Dr. Agar who, in association with Dr. Avery,
has already published an account of it* Film preparations prepared from the
fluid showed a large number of Gram-negative bacilli, some of which were very
small, some quite plump and larger. Cocei were absent. Polymorphonuclear leu-
kocytes were present in numbers, a few of which had taken up the baecilli. No
growth of the organisms was obtained on plain or serum-agar, but eultivation
was suceessful on blood-agar, on which small, moist translucent colonies devel-
oped. These were composed of minute, slim baeilli. There was entire absence
of the larger plump forms but the latter, together with some longer, curved
bacilli, appeared in the cultures forty-eight to seventy-two hours old. They repre-
sented involution forms, since the plates showed the ocrowth to be pure.

(ASE 2.—About 3 e.c. of turbid fluid obtained from a child 8 years old was
cent to the Rockefeller Institute for examination from the Lebanon Hospital.
Flakes of thick pus oceurred in the fluid and adhered to the sides of the test tube.
Cover-slips showed many pelymorphonuclear leukocytes, some of which contained
small Gram-negative bacilli. Outside the leukocytes, smaller baeilli were numer-
ous. The bacilli were, for the most part, short, but some moderately long threads
occurred, No growth took place on plain or serum-agar, but a characteristic
growth was obtained on the blood-agar.

CasE 8.—About 6 c.c. of very turbid cerebrospinal fluid obtained from a child
2 years old was sent to the Rockefeller Institute for examination. Film prepara-
tions showed many polymorphonuclear leukoeytes and numerous short Gram-

2. Arch. Pediat., 1910, xxvii, 284,
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negative, poled, regular bacilli. Rarely were the bacilli found within the leuko-
cytes. The organisms did not grow on plain or serum-agar, but did ETOW on
blood-agar.

Case 4.—About 50 c.c. of very turbid fluid was obtained from a child about
4 years of age which, on standing, deposited a thick layer of pus. The film
preparations showed numerous polymorphonuclear leukocytes and very large num-
bers of Gram-negative minute, regular, poled bacilli. A very few thread forms
occurred. Blood-agar cultures gave a pure growth. A second specimen of the
cerebrospinal fluid, more purulent than the first, gave a similar eulture in result.
The cultures of the influenza bacilli were obtained also from the nasopharynx.

CASE 5—A child, 6 months old, admitted to the Babies’ Hospital. There was
a history of convulsions and rigidity for two days, following a period of two
weeks of fever and cough. Fifteen c.c. of blood-stained cerebrospinal fluid were
withdrawn and the influenza bacillus grown in pure culture. A second lumbar
puncture yielded 10 c.c. of a more turbid fluid, from which pus was deposited.
The film preparations showed many baeilli, consisting of long and curved, as well
as short rods. Cultures on blood-agar were deposited from the second puncture
fluid, as well as from the nasopharyngeal and bronchial mucus. No autopsy
was permitted, but from the blood withdrawn from the heart one and a half
hours after death, a similar bacillus was cultivated.

CASE 6.—A child, 2 years and 10 months of age, admitted to the Babies’
Hospital four days after the onset of symptoms of meningitis. Several lumbar
punctures were performed during the nine days the child lived, and from 15 to
756 ec.e. were withdrawn at each puncture. The fluid originally was turbid,
gradually became more so, and finally consisted of thick pus. The influenza
bacillus was grown on blood-agar from each specimen of fluid. Death occurred on
the thirteenth day of the disease. No autopsy was permitted, but blood obtained
from the heart one hour after death yielded growth of the influenza bacillus.
The mucus from the nasopharynx and from the bronchi also yielded growths of
the bacillus.

CasE 7.—A child of 8 months, admitted to the Babies' Hospital after three
weeks of illness. At the time there was swelling of the left elbow joint. Two
days after admission symptoms of meningitis appeared. Lumbar puncture yielded
35 e.e. of turbid fluid, from which the influenza bacillus was eunltivated. Pus
aspirated from the elbow yielded a similar growth. Death oceurred three days
after the appearance of the meningeal symptoms and the autopsy showed exten.
sive purulent leptomeningitis. The exudate was abundant along the superior longi-
tudinal sinus, over the frontal lobes, the cerebellum, pons and medulla, and in
the interpeduncular space. The exudate consisted of thick pus. The lateral
ventricles were distended with turbid fluid, and pus covered the choroid plexus.
The spinal cord was much less involved apparently, but it could not be examined
throughout its length. The suppuration about the left elbow extended to the
denuded surface of the humerus, the lower epiphysis of which had separated.
The lungs showed the lesions of bronchopneumonia and congestion and a moderate
amount of bronchitis and tracheitis. Pure cultures of the influenza bacillus were
obtained at autopsy from the pus at the elbow and in the meninges, as well as
from the heart’s blood. The lungs vielded a growth of influenza bacilli and
streptococei.

CASE 8.—A boy of 5 months admitted to the Babies’ Hospital in a moribund
condition. Lumbar puncture yielded 20 c.c. of very turbid fluid, forming an
abundant purulent deposit. Film preparations showed polymorphonuclear leuko-
cytes together with many minute, short and regular bacilli, some of which were
in pairs. Very few had been taken up by leukoeytes. These bacilli proved to be
the bacilli of influenza. Blood removed from the heart by means of a syringe
half an hour after death yielded a pure growth of B. influenze. Mucus secured
from the pharynx by means of a swab after death did not show this micro-
organism.,
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PROFERTIES OF THE CEREBROSPINAL FLUID

The cerebrospinal fluid in the eight cases was, without exception,
cloudy and deposited, on standing, a whitish or yellowish sediment, the
supernatant liquid remaining somewhat turbid. In the cases in which
the progress of the dizease could be followed, it was noted that the fluid
became successively more purulent and the sediment of pus heavier. Case
7 vielded, on the last day of life, thick pus.

As was to be expected with fluids of the characters deseribed, they all
showed, under the microscope, the presence of polymorphonuclear leuko-
cytes in abundance. The number of influenza bacilli present was usually
very large. The bacilli occurred free in the cerebrospinal fluid, as a rule,
and there was very slight phagocytosis. The morphology of the bacilli
varied greatly. In Case 1 the bacilli were long, curved, and the ends
often clubbed, corresponding to the involution forms met with in old
cultures. The fluid from this case showed but few of the characteristic
small forms. In the fluid from Case 2, the bacilli formed long threads
but, nevertheless, typical small forms predominated. The bacilli in the
fluid from Case 4 were small and regular and agreed with the typical
bacilli as seen in recent cultures. However, not only did small numbers
of curved forms also occur, but some long threads as well. We observed
no examples corresponding with the very long filaments deseribed by
Ritchie.®

It is of interest to compare the results deseribed for the eight cases,
which have come under my observation, with the statement made by
(Cohoe* that the spinal fluid obtained by lumbar puncture from patients
with influenzal meningitis may be quite normal in appearance and that
influenza bacilli may be contained in these fluids and he overlooked in
film preparations, unless carefully zearched for. This statement would
seem to stand alone, since all the other statements made in the literature
of the subject are to the effect that the fluid obtained by lumbar pune-
ture, once inflammation has been set up by the influenza bacillus, is cloudy.
Haedke,® indeed, reports a case of an adult, in which the fluid withdrawn
one day was clear, and the next day, clondy. Death occurred twenty-four
hours after the second puncture, and the autopsy disclosed an epidural
abscess and an early localized leptomeningitis. In this case, we must
conclude that the clear fluid was withdrawn before the localized menin-
gitis had developed and that the fluid became turbid as soon as inflamma-
tion of the meninges appeared. In another case, reported by Trailescu,®
the fluid obtained by lumbar puncture is described as transparent, but

. Ritchie: Jour. Path. and Baeteriol., 1910, xiv, 615.

. Cohoe: Am. Jour. Med. Se., 1909, exxxvii, T4.

. Haedke: Miinchen. med. Wehnschr., 18987, xliv, 806.

. Trailescu: Ref. in Miinchen. med. Wehnschr., 1902, xlix, 118.
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ciably by passing the organisms through series of mice, although the
average dose was found to be reduced in the ninth passage to about one-
half the original fatal dose. The peritoneal cavity of these animals con-
tained little exudate, the spleen was always swollen, and the lungs and
kidneys congested. The bacilli could always be recovered in pure culture
from the heart’s blood, peritoneum, and other organs.

Guinea-pigs, weighing about 200 gm. each, succumbed in twelve to
twenty-six hours from injections of from one-half to one culture. The
peritoneal fluid of these animals was increased, as much sometimes as 8
c.c. could be withdrawn, and it was always turbid. Polymorphonuclear
lenkocytes and bacilli were numerous but phagocytosis rarely occurred.
The spleen was increased to two to three times its normal size; the kid-
neys were congested and the lungs showed scattered areas of congestion
and inflammation. The bacilli could be obtained in pure culture from
the heart’s blood and viscera, and from the surface of the pia of the
brain and spinal cord. Guinea-pigs sometimes survived three or four
days, at which time all the fluid had escaped from the peritoneal cavity
and a thick fibrino-purulent exudate covered the liver, spleen, ete.

Rabbits of about 1,200 grams inoculated by injection of one culture,
twenty-four hours old, into the ear-vein, succumbed in from fifteen to
thirty-six hours. Small hemorrhages existed in the parietal peritoneum
and within the serous coat of the intestines and beneath the capsule of
the liver, pleura and other organs. The spleen was swollen and soft, the
kidneys much congested, while the lungs always showed areas of hemor-
rhage and of inflammation (pneumonia). The membranes of the brain
and cord were normal in appearance. Cultures of the bacilli could be
obtained from the heart’s blood, viscera, urine, and from the surface of
the brain and cord. The bacilli were always present in the lungs, but
mingled with other bacteria. The mucous membrane of the upper nasal
cavities showed, as a rule, deep congestion, and from its surface large
numbers of influenza bacilli were cultivated. Cultures from the nasal
secretions were always made before the inoculation of the bacilli and
influenza-like organisms were not found in them. This precaution was
taken also to exclude the possibility of the presence of the “snuffles”
bacillus described by Beck.®

The most important of this series of animal experiments are those
which were conducted with monkeys. Indeed, we succeeded in pro-
ducing in two species, namely, Cercopithecus callitrichus and Macacus
rhesus, infection of the meninges, by injecting suspensions of influenza
bacilli into the subdural space by means of lumbar puncture. Monkeys
do not develop symptoms or the lesions of acute meningitis in all
instances after the injection of the cultures. The result depends, chiefly,

8. Beck: Ztschr. f. Hyg, 1893, xv, 363.
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influenza bacilli into the brain in rabbits. He observed that non-lethal
doses set up a chronic meningitis and sometimes led to the appearance of
pus in the ventricles. The bacilli were present and demonstrable by
culture and by film preparation. The microscopic examination showed
an acute encephalitis, Ritchie® inoculated a rhesus monkey with two
blood-agar cultures in the lumbar region of the spinal cord and the ani-
mal died eighteen hours later. The autopsy showed a beginning menin-
gitis, and in film preparations from the surface of the cord and brain,
numerous influenza bacilli were found,

VIRULENCE OF THE STRAINS OF BACILLI

We have had the opportunity of studying a large number of strains
of influenza bacilli during the past two vears, of which four only were
found to be virulent for rabbits. It is, perhaps, significant that of these
four virulent cultures. three were derived from the cerebrospinal fluid
from cases of influenzal meningitis (Cases 4, 7 and 8), and the fourth
from the heart’s blood at autopsy in a child succumbing to pneumonia.
We have endeavored, in many cases at the Babies’ Hospital, to obtain
the influenza bacillus from the blood of the heart at autopsy, but unsuc-
cessfully, except in the previous case mentioned, until the cases of influ-
enzal meningitis came under observation. In four cases of this infection
(5, 6, 7 and 8), the influenza bacillus was obtained from the blood of the
heart. The experience of others conforms to our earlier experience.
Thus, Wohlwill,'® who examined many hundreds of autopsies at the
Eppendorfer Krankenhaus with this point in view, never secured the
bacillus from the blood. Two of the strains of baeilli, which we found
to be virulent for rabbits, were also virulent for monkeys. The other two
were not tested on the latter animals. One strain of the bacillus obtained
from the meninges was found not to be virulent for rabbits and it also
was without pathogenetic effect when inoculated into the spinal canal of
a monkey. Generally speaking, therefore, high virulence for human
beings would appear to indicate high virulence for rabbits and for mon-
keys also. But this rule, probably, is not free of exceptions. On the
other hand, our experience with many strains of the influenza bacillus
isolated from the respiratory tract indicates that, in general, the organ-
jsm possesses virulence for guinea-pigs and mice. One strain only has
come into our hands which was devoid of virulence for these animals:
All the strains afforded by the cases of meningitis were virulent for small
animals. In order to determine this question of virulence, it is impera-
tive that the animal experiments be made immediately after the isolation
of the bacilli, since saprophytic cultivation is quickly followed by loss of

10. Wohlwill: Miinchen. med. Wehnsehr,, 1908, 1v, 328,
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A few words should be added on the probable mode of infection o1
the meninges with the influenza bacillus. It is a well-known fact that
the influenza bacilli occur in the nasopharynx in a high percentage of
persons exposed to influenza. The upper respiratory tract would appear
to be the most frequent portal of entrance into the body for these organ-
isms and to account for their frequent localization in the middle ear,
bronchi and lungs. Whether the meninges are infected directly through
the lymphatic connections existing between them and the upper nasal
mucosa must, for the present, remain an undecided question. The patho-
genicity of the influenza bacillus is too slight for monkeys to make it
possible to produce in those animals meningitis by inoculating the nasal
mucosa. It is of some significance to have learned that after subdural
inoculation of the bacilli, the organisms can be recovered from the upper
nasal mucosa, suggesting that they are, in part, excreted there. It must,
however, be considered that since they also reach the blood they may be
secreted from the blood and not directly from the meninges, or that they
are contained in the blood in the peripheral circulation, and that a slight
injury of the mucosa, inseparable from the making of the cultures, is
responsible for their presence in the tubes. That the inoculated animals
excrete the bacilli by the nasal mucosa would appear to be shown by the
fact that after intravenous injection of the cultures in rabbits, these
organisms are met with in the secretions of the mucosa. Normal rabbits
and monkeys do not harbor the influenza bacillus in their nasal pas-
sages. The bacilli are also excreted by the kidneys in guinea-pigs and
rabbits and pure cultures can be recovered from their organs, and usually
from the urine as well. Sections of the kidneys showed large numbers of
the baeilli lying in the lumen of the tubules, and some within Bowman’s
capsules. Sections of the lungs showed the bacilli to be present in the
capillary blood-vessels of the alveolar walls and in the alveoli themselves.
As bearing on the question previously raised as to whether the influenza
bacillus can be present in the meninges without setting up inflammation,
it should be stated that the surface of the brain and cord of rabbits and
guinea-pigs inoculated intravenously or intraperitoneally with cultures
regularly yielded pure growths of bacilli, although no lesions or inflam-
mation are associated with their presence.

The bearing of clinical influenza on the origin of influenzal menin-
gitis in human beings is illustrated hy the following cases:

In Adams™® case, the child, which later developed meningitis, had
been only slightly ill, but cases of well marked grippe had occurred in
the household. No pharyngeal cultures are recorded. In Case 4 of my
series, a distinct attack of clinical influenza preceded the meningitis by
a week, and cultures from the throat were positive on the second day of

11. Adams: Arch. Pediat., 1007, xxiv, T21.
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both in babies 9 months of age, observed by Caccia*® and by Mya?® the
latter publishing three other cases. Tn the following year, Jiindell** and
Cagnetto® each reported two pure cases and Bertini*® one, all in children
between the ages of 8 and 18 months. In 1904 alzo, a fonrth recovered
case, in a boy 7 years old, came under the observation of Thomesco and
Gracoski.** Cattaneo® in 1905 reports a fatal case in a 4-year-old boy.
During 1907, cases were reported by Douglas® (10 months) ; Dudgeon
and Adams® (10 months) ; Adams® (5 years) ; Sprigg®® (4 years) ; and
Carles® (11 months), but in the last case no cultures are recorded, only
smears from the abundant fibrino-purulent deposit of the lumbar punc-
ture fluid. Only one case appeared in 1908, reported by Bentz and
Frye* In 1909 Cohoe* placed on record a recovery in an adult, and
Davis,*® the two youngest patients known, twins aged 9 and 12 days,
respectively. Cohen’s'® patients were 4, 8 and 12 months old, but he
chooses to look on the bacillug isolated from his cases as distinet from the
B. influenze becanse of its greater virulence and the difference in its
serum reactions when compared with a strain obtained from Pfeiffer.
During 1910, Davis'? reported five additional fatal cases, in infants from
6 to 13 months of age, two being pure. Agar’s publication records Case 1
of this paper. Ritchie’s® description of the “influenza-like” bacillus
found in his three cases shows that very many long filaments were pres-
ent, even in young cultures. The fact that after some months of cultiva-
tion on blood-agar the bacillus grew on ordinary agar, on which subenl-
turing was posgible for some weeks, would seem to take it out of the
class of influenza bacilli. Simon and Aine'* fell of five caszes, four of
them in infants, Cases of meningitis, in which influenza bacilli were
found in addition to other organizms have been reported by Higerstedt*?
in an adult, Peucker*® in a 5-monthz-old baby, Hecht™ in a child of 2
vears, and Bertini*® in a 6-year-cld boy. One of Davis™? cases was con-
taminated by saprophytes, and in another streptococci were present with
the influenza bacilli. Nuttall and Hunter,** while studying the meningo-
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