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30 c.c. of the serum after drawing off 9o c.c. of turbid fluid in which the meningo-
coccus was present. 36 hours later he was quite conscious and had no headache;
his temperature rose to 101° F. and remained about that level for some days;
he had very abundant herpes, but his symptoms rapidly improved. I repeated
the 30 c.c. injections at intervals of 3 days, giving 9o c.c. in all. He made a
complete recovery. The remarkably sudden clearance of the mental symptoms
and the complete disappearance of the headache were very striking, and as this
has taken place in other cases treated with the serum, I think the serum must
have the credit.

“The second acute case was a girl of 12 years with very severe attack admitted
on the second day. This case was very severe, but the prognosis without serum
would have been uncertain. The same good results followed with good
recovery.

“The third case, a woman of 31, had been ill 10 days with very severe attack;
high temperature, delirium, and very marked rigidity. My prognosis would
have been bad, but she rapidly improved after the serum and is in a fair way to
recovery now. She had go c.c.

“The fourth acute case, a man of 20, with maniacal delirium, came in two
days ago. 1 gave him 30 c.c. of serum immediately on admission—then 46 hours
ill. The cerebro-spinal fluid was quite purulent even then. He died of heart
failure some 9 hours after receiving the serum.

“Even more striking were the results in two chronic cases. Omne boy not
doing well, who had continuous fever for 35 days, received 30 c.c. of the serum.
From that time on he made steady improvement, had no further headache and
has made a complete recovery. Another case which I considered quite hopeless
got 30 c.c. on the 25th, and again on the 32d day. He made steady improvement
from the first dose and is now up. One young child, who was also hopeless,
showed no improvement and died, but in this case thick, stringy pus was obtained.
In the chronic cases no improvement had followed simple drawing off of fluid.

“I quite appreciate how dangerous it is to draw conclusions from a few cases,
especially during a lull in the epidemic, but allowing for all that I am greatly
impressed with the results in the cases I have had. I believe there has been little
if any change in the virulence of the type here. The cessation of the headache
in the chronic cases receiving serum and in whom it had been most troublesome
was very striking; and the absence of headache in the acute cases after serum
I have not seen in any other cases.”

Discussion.—There could be no advantage gained in discussing
these cases, since they are reported so very briefly. Attention may,
however, be called properly to the effects of the serum injections
in the two cases of the chronic disease described by Dr. Robb.
They recall the similar effects of the serum injections made in
the chronic case of epidemic meningitis described by Dr. Cushing,
of Baltimore.
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ST. VINCENT'S HOSPITAL CASES, NEW YORK CITY.

The antiserum was not available for use in the treatment of
meningitis during the prevalence of the severe epidemic in New
York City. Since it has been available only occasional sporadic cases
of the disease have continued to appear, and many of these have en-
tered hospitals late in the course of the disease. IHence our oppor-
tunities for testing the antiserum under conditions of personal
observation have been very few. We have secured from Dr. Strain,
of St. Vincent’s Hospital, the records of three cases of meningitis
in adults caused by Diplococcus intracellularis of which abstracts
follow.

Cask I, No history of onset obtained ; total serum injection 30 c.c.; death.

Case II, 1st injection of serum on 4th day; total serum injection 30 c.c.;
recovered by lysis.

Case III, No history of onset obtained; total serum injection, 60 c.c.; re-
covered by lysis.

St. Vincent's Hospital, New York. Service of Dr. Lewis.
Case 1. A. C., aged 22 years. Greek.

Present Illness—No history could be obtained. Admitted to hospital, April
23, 1907.

Physical Examination—The patient is in a semi-comatose condition. Pupils
unequal; right pupil does not react to light; left is dilated; no strabismus.
Herpes on upper lip. Marked retraction of the head and stiffness and tenderness
of neck. Reflexes absent from extremities; Kernig’s sign present. Babinski
reflex absent.

April 23. Patient is somnolent, pulse slow and of medium tension; general
condition poor. Temperature ranged from 102°-100°.

April z4. Patient noisy, crying out. No remarkable change. Leucocytes
18,000.

April 25. General condition about the same. 15 c.c. of turbid spinal fluid
obtained by Iumbar puncture. Microscopical examination showed pus cells
and Diplococcus intracellularis.

April 26, Condition worse; the pulse is rising gradually and the first heart
sound is becoming weaker; capillary circulation very poor; cyanosis; cold
extremities. Temperature 100°-103°; pulse go-112; respirations 28-34.

April 27. Condition about as yesterday. 20 c.c. of turbid spinal fluid removed
by lumbar puncture and 30 c.c. of antimeningitis serum infjected. Following this
the temperature rose 1° and then gradually declined during the night to 99°,
the patient’s condition gradually becoming worse.

April 28 Condition very bad; pulse hardly perceptible; respiration acceler-
ated; physical signs unchanged.

April 29. Lumbar puncture unsuccessful. Condition bad.

May 1. Death at 1 a. m. '
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Discussion.—The duration of the disease in this case is not
known. The diagnosis of epidemic meningitis, which was sug-
gested by the symptoms, was established by lumbar puncture on
April 25, two days after admission to hospital. The second punc-
ture and the first injection of the serum were made on April 27,
four days after admission to the hospital and at a time when the
patient’s condition was already very poor and the circulation had
begun to fail markedly. No improvement followed the puncture
and injection, but the patient's condition gradually grew worse
until his death on May 1, eight days after admission to the hospital,
four days after the serum injection, and an unknown period after
the onset of the disease. Total amount of serum injected, 30 cubic
centimeters. .

St. Vincent’s Hospital, New York. Service of Dr. Lewis.
Case II. C. L. Aged 22 years. Greek. Laborer,

Present Illness—On May 7 (one day before admission to hospital) the
patient was taken suddenly ill with sharp chill and intense headache. The
neck became stiff, and slight movement greatly increased pain in head and neck.
There were fever and photophobia.

Physical Examination—Flushed face; anxious expression; injected conjunc-
tivee; photophobia; beginning herpes on nose and lips; tongue coated; breath
faetid. Neck stiff and head retracted. Kernig’s sign marked; reflexes absent;
skin hyperasthesia.

May 8 Temperature 102°, pulse 9o, respirations 24 on admission. Patient
quiet, but complains of headache. Under ice cap slept much of the day.

May 9. Patient somnolent; cries out at times. Temperature ranged from
103.4° to 105°; pulse 80-94.

May 10. At 9 a. m. and 1 p. m. temperature 104°.—4 p. m., lumbar puncture
yielded 35 c.c. of turbid fluid containing pus cells and large numbers of diplo-
cocci. Headache better; slept much of night—sg a. m. Temperature 100°.

May 11, 4 p. m. Lumbar puncture; 30 c.c. spinal fluid withdrawn and 30
c.c. of antiserum injected. During the night patient was very noisy and required
sedatives (morphia and hyoscin) to give sleep.

May 12, 9 a. m. Temperature 104°; remained high all day. No marked
change in the condition.

May 13, 5 a. m. Temperature 100°. Pulse slow and full; mental condition
apathetic. Temperature did not rise above 101°. Involuntary bladder and bowel
movements.

May 14. Condition improved; mental condition brighter. Patient follows
with the eyes persons and objects about the room.

May 15. No marked change. Temperature ranged from 101.8° to 103°.

May 16. Condition better. Awake greater part of day; headache less; does
not complain of pain in the neck.
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May 17. Improvement continues; patient comfortable; mentally brighter;
less rigidity of neck; appetite improved.

May 19. Temperature normal; neck rigidity and headache almost gone;

patient bright and cheerful.

The improvement in the patient’s condition continued and he was discharged
cured on June 8

The leucocyte count on three occasions gave 11,000, 15,000 and 14,000.

Discussion.—The onset of the symptoms in this case was sudden
and by the end of the first twenty-four hour period the disease had
reached full development. On the third day, counted from the
appearance of the first symptoms, lumbar puncture was made and
the diagnosis established by bacteriological examination. The tem-
perature fell, the headache diminished, and the patient rested better
than before. On the fourth day a second puncture was made and
the antiserum was injected. No immediate favorable effect followed,
but 60 hours later the condition had improved and there was a
steady subsequent inprovement up to complete recovery. Con-
valescence may be said to have begun not later than the tenth day
of the disease. Total amount of serum injected, 30 cubic centi-
meters.

St. Vincent’s Hospital, New York. Setvice of Dr. Lewis.
Case III. G. P. Aged 18 years. Greek. Clerk.

Present Illness—No definite history obtainable. About a week before ad-
mission to hospital on May 18, 1907, he complained of headache and vomiting.

Physical Examination—Face flushed and expresses pain; photophobia; pupils
equal and react to light; tongue coated and dry; neck rigid and head retracted;
a few petechial spots on thorax, abdomen and legs; reflexes exaggerated; no
clonus or Babinski; Kernig’s sign marked. May 18 the temperature rose from
08.5° to 103°; pulse 85; respirations 28.

May 19-28. The condition has not greatly altered. The mental condition
dull, there is much headache and at times delirium requiring restraint. The
temperature did not rise above 102.5° and ranged about 101°. Leucocytes 24,000.

May 27. Leucocytes 21,000.

May 29. Patient quiet and sommolent. By lumbar puncture about 50 c.c. of
turbid fluid were obtained and 30 c.c. of antiserum injected. Following the
injection the patient was quiet and the temperature fell to 09°. Microscopical
examination of spinal fluid showed pus cells and intra- and extracellular diplo-
cocci, which were cultivated.

May 30 and 31. Mental condition somewhat improved; no delirium.

June 1. External strabismus appeared, otherwise no change.

June 2. Mental condition clearer; patient answers questions. Temperature
fluctuating.
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June 4. Patient complains of pain in neck and is at times somewhat delirious.
About 50 c.c. of spinal fluid removed by lumbar puncture and 30 c.c. antimenin-
gitis serum injected. The temperature fell from 103° to normal in twenty-four
hours. Delirium subsided and patient looked brighter. He had involuntary
defecation and micturition.

June 6. Leucocytes 20,000.

June 7. Patient noisy at night, requiring sedatives.

June 10. Pulse weak but responds to digitalin.

June 11. Neck rigidity lessened; patient fairly comfortable; photophobia and
strabismus gone; diet increased ; temperature normal.

June 15. Patient gradually getting stronger; mental condition good.

June 18 Improvement continues.

June 21. Patient noisy and delirious all day; temperature 99°. For the
next two or three days he was delirious at times.

June 27. Patient rational all day and slept and ate well. Temperature o7°.

June 29. Patient sat up for the first time.

July 5. Walked a few steps; leucocytes 6,000.

July 20. Discharged cured.

Discussion.—It is impossible to determine accurately the duration
of the disease before the patient entered the hospital. On the
eleventh day after admission lumbar puncture was made and a
serum injection was given. Following these the patient’s mental
condition improved somewhat, but three days later external
strabismus appeared. On the seventeenth day of illness a second
lumbar puncture and serum injection were made which were fol-
lowed within twenty-four hours by a marked fall in temperature
and an improvement in the patient’s mental condition. The tem-
perature remained about normal afterwards, although there reap-
peared off and on for a few days, during the convalescence, a state
of temporary delirium, which did not interrupt the general course
of improvements in the patient’s condition. Recovery was com-
plete. ~ Whether the serum injections influenced favorably the
progress of the disease in this case cannot be determined with cer-
tainty. Total amount of serum injection, 60 cubic centimeters.

MANNER OF ACTION AND OF EMPLOYING THE ANTISERUM.

The plan to administer the antiserum by direct inoculation into
the spinal canal in human beings was based upon the observations
made by one of us (Flexner) on the bactericidal effect of normal
sera and sterile exudates upon Diplococcus intracellularis in vitro,
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and upon the curative action of antidiplococcus sera in guinea-pigs
and monkeys infected with the diplococcus, when brought into
immediate relation with the focus of infection. In view of certain
theoretical objections to the employment as curative agents of
antisera developed for a microorganism whose toxic action is
caused by endotoxin, Flexner dwelt on the encouraging circum-
stance that in epidemic meningitis the main pathological lesions
can be brought directly under the influence of the antiserum by
injecting the latter into the spinal canal; and he pointed out that
while it is undoubtedly important to secure neutralization of the
endotoxin yielded by the diplococcus on disintegration, the effect
of restraint of growth and multiplication of the diplococcus may,
at some period of the disease, be of even greater significance.’
There is experimental evidence for the view that the antiserum
possesses a certain antitoxic value since it can neutralize the toxic
substances contained in autolysates of the diplococcus. But its
power to bring about rapid suppression of the diplococcus in in-
fected guinea-pigs and monkeys is considerable. In monkeys which
have been injected with mixtures of emulsions of the diplococcus
and immune serum simultaneously, or first with the emulsion and
next with the immune serum, the diplococcus is caused rapidly to
diminish in numbers and to be more abundantly taken up by
leucocytes.®  Since the facts at hand do not warrant us in concluding
that any considerable multiplication of the diplococcus takes place
in the experimental infections, the power of protection of the anti-
serum would appear to be dependent upon the restraint which it
exercises over all multiplication and the increased tempo of phago-
cytic inclusion of the diplococcus which it brings about. Tt is
probable that phagocytic digestion not only prevents {urther
multiplication of the diplococcus but also that it detoxicates the
endotoxin by reducing it to simpler and non-toxic or less toxic
compounds.  Still; in a few instances, in which the antiserum was
injected into the spinal canal of monkeys infected with the diplo-
coccus, the microorganisms disappeared without marked phago-
sis and more slowly than in the cases in which outpouring of

® Jour. of Exper. Med., 1907, ix, 138.
®Idem, p. 169 et seq.
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leucocytes was considerable. The control of the pathological con-
ditions in these instances appeared to depend less upon the phago-
cytes than upon the spinal fluid reinforced by the antiserum; and as
the symptoms of intoxication were less than would have been present
had the antiserum not been injected, a degree of antitoxic power
must be ascribed to the antiserum.

If we turn to our knowledge of the manner in which the anti-
serum acts in controlling or modifying the infection in human be-
ings we find ourselves possessed of very few facts. The observa-
tion recorded by Dr. Cushing indicates that the antiserum has the
property of bringing about rapid diminution in the number of
diplococci present in the cerebro-spinal fluid. Dr. Ker observed
rapid rise of the opsonic index for the diplococcus following upon
an antiserum injection and a modification and reduction of the stain-
ing power of the diplococcus in film preparations prepared from the
meningeal exudate obtained by lumbar puncture. Others have
noted this reduction in number and change in the staining prop-
erties of the diplococcus after the serum injections.

We have had the opportunity to follow in two young children
the immediate effects of the antiserum injections on the number, ap-
pearances and viability of the diplococcus in the cerebro-spinal fluid.
One of the children was 18 months old and had been two weeks ill
when first injected at the Babies Hospital in New York. The spinal
fluid withdrawn before the serum injection was slightly turbid and
showed a fair number of extracellular and a large number of intra-
cellular, sharply-staining diplococci.  Cultures were easily secured
from this fluid on blood and sheep-serum agar media. A second
puncture made twenty-four hours after an antiserum injection
yielded a fluid of the same appearance as before, but no extracellular
diplococci, or very few, were contained in it, and the number of
intracellular diplococci was much reduced. All the diplococei were
more or less changed; they were swollen or fragmented and stained
diffusely. Cultures were now negative. A second antiserum in-
jection was given and the next day the diplococci had undergone a
still greater reduction in numbers and continued to stain feebly.
No cultures could be obtained from this fluid or any subsequent fluid
from this child, although several later punctures were made.
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The second child was two years old and had been ill about five
days when admitted to the Presbyterian Hospital in New York under
Dr. Northrup. The first lumbar puncture yielded a sero-purulent fluid
containing large numbers of diplococci outside and inside pus cells.
Abundant cultures mere easily obtained. An injection of 15 cubic
centimeters of antiserum was given and twenty-four hours later
the lumbar puncture yielded a fluid in which a little blood obscured
the color, but the pus cells and diplococci were diminished in
numbers. The latter were now almost wholly inside cells and
of irregular size and contour and weak staining power. A por-
tion of the fluid was centrifugalized and the sediment used for
preparing cultures which did not grow. Serum injection and
lumbar puncture were repeated on two later occasions. The spinal
fluid withdrawn was far less purulent than it had been, the diplococci
became very few in number, and they did not again multiply on
culture media otherwise favorably adapted for the growth of the
diplococcus.

These observations, few in number as they are, go to show that
the antiserum exerts a definite and injurious influence upon the
diplococcus in the cerbro-spinal fluid through which its multiplica-
tion is restrained and it is rendered more subject, possibly, to
phagocytic inclusion and digestion, at the same time that it is
deprived of its capacity to grow outside the body on culture media.

We have given the following general instructions for the use
of the serum:

The antiserum should be kept in a refrigerator uniil it is to be
used, when it should be warmed to the body temperature before it is
infected.

The antiserum is to be mtroduced divectly into the spinal canal
after the withdrawal of cerebro-spinal fluid by means of lumbar
puncture.

The quantity of antiserum to be used at a single injection should
not exceed, for the present, 30 cubic centimeters. It is desirable,
although it would not appear to be essential, to withdraw from the
spinal canal at least as much fluid as the amount of antiserum to be
wmjected. The injection should be made slowly and carefully to
avoid the production of symptoms due to increased pressure. This
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precaution should be exercised especially where the quantity of
cerebro-spinal fluid withdrawm is less than the amount of antiserum
to be njected.

The injection of the antiserum should be repeated every twenty-
four hours for three or four days or longer. Whether any advan-
tage will be gained by more frequent or more numerous injections
than here indiciated a wider experience must decide. As much as
120 cubic centimeters of the antiserum have been injected into the
spimal canal in four days without causing unpleasant symptoms.

The evidence at hand nmdicates that the earlier in the course of
the disease the injections are made the better the results. Hence
should the film preparation prepared from the first fluid obtained
by spinal puncture show Gram-negative diplococci, some of which
are within leucocytes, an wnjection of the antiserum should be made
mmmediately and wuthout waiting for the result of culture tests.
Should the diagnosis be left in doubt or the disease prove later to
be of another nature than epidemic mewmingitis, no harm will have
been done by the injection of the antiserum.

Although the best results have thus far been obtained where the
antiserum has been injected early in the disease, yet the serwm
should be used in its later stages also until our knowledge governing
the value of the serum becomes more precise. The indications at
present are that it is useless to employ the serum in the very late
stages of the disease in which chronic hydrocephalus is already
developed.

Precise records of the manner of action of the antiserum upon
the general symptoms of the disease and the local inflammation and
the diplococcus should be kept. Information is greatly desired on
the influence of the antiserum wpon the number, appearances, grow-
ing properties, etc., of the diplococcus, uwpon the relation of the
diplococcus to phagocytosis, and on the number and appearances of
the leucocytes, before and after the antiserum injections. Counting
the leucocytes in the circulating blood, before and after the in-
jections, would help determine whether the antiserum tends to
bring a greater number of leucocytes into the inflamed membranes,
or whether it leaves the number unchanged or causes cessation of
the emigration.
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Until the antiserum is proven to be of value or of no value in the
treatment of epidemic meningitis its manner of action should be
carefully observed and recorded so that a definite decision may
be reached as quickly as possible.

DOES ANAPHALAXIS OCCUR FROM REPEATED INJECTIONS OF THE
SERUM ?

That the human organism reacts more vigorously to second and
subsequent injections of horse serum than to the first injection is
shown by the reports of many instances in which these stronger
effects were noted after administering diphtheria antitoxin. v.
Pirquet and Shick” call this condition of greater reaction on the
part of the animal organism “ serum-disease.” Wolf-Eisner® sees
in this state of intensified effect or hypersensibility the fundamental
pathological condition underlying the manner of reaction of the
animal body to repeated injections of foreign proteids in general,
including the bacterial endotoxines. Our precise knowledge of
serum-hypersensibility—or anaphalaxis—is due to the impulse given
the study of the subject by Theobald Smith and to the exact studies
of Otto,® Rosenau and Anderson,!® Besredka and Steinhardt!
Gay and Southard,'? Lewis'® and others. The particular fact that
concerns us at this moment is whether a possible danger to the
patient is to be feared from intraspinal injection at considerable
intervals of a foreign serum. We know that the intensified effects
in man of repeated serum injections under the skin causes discom-
fort but does not menace life. Besredka and Steinhardt have, how-
ever, shown that it is precisely the direct inoculation of the central
nervous system with the alien serum in a hypersensitive guinea-pig
that is to be feared. It is, therefore, of the first importance to us
to ascertain whether a similar danger exists in relation to the intra-
dural injection of the antimeningitis serum.

"Die Serumkrankheit, Vienna, 1905.

8 Berl. Klin. Woch., 1907, xliv, 38.

® Leuthold-Gedenkschrift, 1906, i, pt. 1, 153.

© . S. Marine Hosp. Service Hygiene Lab. Bull., 1906, No. 29.
U Annales de UInstitut Pasteur, 1907, xxi, 117, 384.

2 Jour. of Medical Research, 1907, xi, 143.

® Jour. of Exper. Med., this number.
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There is no danger, apparently, to be apprehended from a single
injection of even a considerable volume of the serum into the spinal
canal. Daily intradural injection of the antiserum seem also to
be well borne, at least, for several days. The question arises
whether it is safe to give the injections at intervals of many days,
since an interval is necessary in order that the reaction of hyper-
sensibility shall be developed. Dr. Ladd’s Case V, a child of three
years, was injected on the following dates: April 1, 6, 22; no ill
effects followed and recovery was complete. His Case XV, a child
of eight years, was injected as follows: June 16 intradurally, June
18 idem, June 21 subcutaneously, June 25 idem, June 27 idem,
July 10 intradurally; no ill effects followed and the child recovered.
Still other instances of repeated injection, with intervening long
interval between certain injections, will be found among the re-
corded cases. The danger does not, therefore, seem to be great.

We wish now to refer to an infant who was injected at the Babies
Hospital, New York City, several times with the antiserum. The
fourth injection was made 42 days after the first and 16 days after
the third injection and was followed by convulsions, prolonged
rigidity and elevation of temperature.

Babies Hospital, New York. Service of Dr. L. Emmett Holt.

E. F. Female child, 11 months old. About the middle of August developed
fever, hyperzsthesia, rigidity and projectile vomiting. Admitted to Babies
Hospital September 6, 1907. Lumbar punctures on September 7 and 11: turbid
fluid withdrawn, September 12, 45 c.c. fluid withdrawn and 5 c.c. antiserum
injected. September 17, 25 c.c. fluid withdrawn, no injection. September 28,
7 c.c. fluid withdrawn and 7 c.c. antiserum injected. October 8, 3 c.c. fluid with-
drawn and 5 c.c. antiserum injected. No symptoms developed following these
injections. October 24, 60 ¢.c. fluid were withdrawn and 20 c.c. antiserum injected.
Previous to the last injection the child was relaxed and opisthotonos was absent.
She was restless and irritable, vomited occasionally, cried if disturbed, and was
apparently deaf. The reflexes were increased and there was marked emaciation.
The antiserum was administered intradurally at 11 a. m. At 3 p. m. a severe con-
vulsion occurred and marked hyperextension and opisthotonos developed. These
were still present on October 29. The temperature before the injection was about
08 to 99°; for four days after the injection it rose to 102° and once reached 104°.

The conditions which developed in this child following the last
injection of serum, after an interval of 16 days since the preceding
injection, cannot be explained readily. We prefer to leave the
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question open whether the phenomena belong to the anaphalactic
state or are of another nature. But so far as the case bears on the
general question of the intradural injection of the serum it has
theoretical rather than practical significance. The antiserum will,
as a rule, discharge its beneficial effects in the first days of its em-
ployment and for this no danger is known to exist. Rarely, after
a resting period in its use, a relapse of the acute infection may
call for another injection. The records of the use of the antiserum
in relapses do not show that any ill effects followed the injections.
We think that the reinjection of the serum in supposed relapses
should be based upon demonstrated reappearance of or increase in
the diplococcus, since mere sudden rise in the temperature, in the
course of meningitis, may obviously be due to other causes than a
reinvasion of Diplococcus wntracellularis.

MANNER OF PREPARING THE ANTISERUM.

The antimeningitis serum employed in the treatment of the cases
of epidemic meningitis described in this paper has been made in the
horse. The general method of preparation has been as follows:

The first inoculation consisted of cultures of the diplococcus,
heated to 60° C. for 30 minutes, injected under the skin. Many
different strains of the diplococcus were combined to prepare
this vaccine. The first dose was the equivalent of %4 surface growth
on sheep-serum agar in a test tube. The dose was doubled at
each subsequent inoculation, until an amount equal to four test
tube growths could be given at 5 to 7 day intervals.

Intravenous inoculation was now substituted for the subcutaneous.
Beginning with one oese of living diplococci the dose was progres-
sively increased to 2, 3, 5, etc., oese, then ¥%, 34, 1, etc., agar slant
cultures, and finally to 174 bottles (12 oz. Blake) of surface growth.
The larger quantities of the culture injected into the vein caused
such severe reactions and alarming symptoms that they were dis-
continued.

Subcutaneous and intravenous injection of an autolysate'* was
now used. The doses, at first 1 cubic centimeter, were later increased
to 3 cubic centimeters. The injections were made about one week

* Jour. of Exper. Med., 1007, ix, I05.
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apart. The intravenous injection of the autolysate was discontinued
because of the serious symptoms (increased respiration, weakness,
etc.) which resulted from them.

At the present time the subcutaneous tissues are being used
exclusively for the inoculations, which are made alternately of
living diplococci and autolysate at 7-day intervals. Many different
strains of the diplococcus are employed in preparing the living
cultures and the autolysate for inoculation. The dose of living
diplococcus has been increased to one and one half bottles, and of
autolysate to the equivalent of one and one half bottles of the
cultures.

The febrile reaction to the subcutaneous inoculations is moderate :
The temperature rises to 39° to 39.6°. The animal eats less during
the febrile period. The local reaction is much greater. Within
a few hours a swelling appears at the site of inoculation and ex-
tends widely—from the shoulder to the knees at times. The swell-
ing tends to disappear in a few days or, in those instances in which
the larger doses of living diplococcus or autolysate are used, sterile
abscesses develop which eventually discharge through the skin.

The antiserum has been titrated by the complement-deviation
method devised by Kolle and Wassermann,'® and tested against the
autolysate in guinea-pigs. Neither method appears to be quanti-
tatively accurate. The antiserum used in the treatment of the cases
of epidemic meningitis described in this paper came from a horse
in process of immunization one year or longer before being used
for supplying the serum.

Coincidently with our efforts to produce an antidiplococcus serum
for use in human beings suffering from epidemic meningitis, Kolle
and Wassermann'® and Jochmann'” attempted in Germany to pre-
pare such a serum. Only brief reports of the employment of these
sera in the treatment of epidemic meningitis have thus far appeared
in print. Wassermann'® has recently reported the results of the
treatment of a series of cases of the disease by subcutaneous injec-
tions chiefly of his serum, with results which, on the whole, appear

¥ Deut. med. Woch., 1006, xxxii, 16.

*® Ibid.

" Ibid., p. 20.
® Ibid., 1907, xxxiii, 1585,
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to be favorable to the value of the treatment. Schone'? treated a
still smaller series of cases with Jochmann’s serum, partly by the
subcutaneous and partly by the intradural method of injection, with
results said to have been beneficial, especially where the injections
were made into the spinal canal.

GENERAL DISCUSSION.

In view of the small number of cases of epidemic meningitis
upon which this paper is based, it would seem the wisest policy,
possibly, to defer all general discussion of the results until such
time as a larger series of cases treated with the antiserum having
been collected, a searching analysis can be made.

On the other hand it seems desirable to recapitulate, at this time,
the salient points brought out by the different reports which have
been collected in this paper, it being understood that they do not
represent conclusions but merely statements of observed facts or
obvious deductions from them.

Thus, for example, the records of cases used in the preparation
of this paper show that of 47 cases of epidemic meningitis treated
with the antiserum, 34 recovered and 13 died. Expressed in per-
centages, the recoveries equal 72.3 and the deaths 27.6 per cent.
The records also show that of the 13 fatal cases four were either
fulminant in type, in which death took place within 24 to 36
hours of the onset, or the patient’s condition was so extreme that
death occurred in a few hours of the injections of the antiserum.
If, therefore, these four cases are subtracted there results a total
of 43 cases of meningitis treated with the antiserum of which 34
recovered and 9 died, or 79.9 per cent. recoveries and 20.1 per
cent. deaths.

This tabulation takes the cases without respect to their duration
at the time the treatment was begun. This is manifestly a severe
test, but so long as the whole number of cases is so small no other
mode of analysis is likely to be as useful. Should it be desired,
however, to know the ratio of recoveries to deaths in cases injected
with the antiserum in the first three days of illness, the calcula-
tion could be based on 18 cases of infection, exclusive of the ful-

® Di¢ Therapie der Gegenwart, 1907, xlviii, 52.
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minant ones, of which 16 or 88.9 per cent. recovered and 2 or 11.1
per cent. died.

In order that these figures should have any value whatever we
are obliged to know with what degree of severity the epidemic
prevailed at the time and place at which the antiserum was used.
We possess, fortunately, good data concerning this point. Eighteen
cases of epidemic meningitis occurred at Castalia within a few
weeks. Of these twelve patients died and six recovered. Of those
patients who recovered three were injected with the antiserum,
and no patient having received the serum died.

The report from Akron covers twenty cases of epidemic menin-
gitis of which nine were not treated with the antiserum: Eight died
and one recovered. The remaining eleven cases were treated with
the antiserum: three died and eight recovered. The three fatal
cases included two of the fulminating variety.

Dr. Robb?® has given statistics covering 230 cases of epidemic
meningitis which arose in Belfast. Of these 162 died making a
mortality of 70.43 per cent. As regards the severity of the disease
at the time at which the antiserum prepared by us was employed
he states in his letter (p. 203): “I believe there has been little if
any change in the type here.”

The majority of the cases which were treated with the antiserum
were in children over five years of age and in adults. Since the
mortality is highest among young children a table has been prepared,
from Dr. Ladd’s report, giving the results of the use of the serum
in children under five years of age (p. 185). Of the eight children
belonging to this group seven were under three years and one was
about five years old. Five of the children recovered and three
died. Two of the three fatal cases were injected on the fourth
day and one on the twentieth day.

The records of the patients who recovered have been full enough
in twenty-five instances to enable us to make out the manner of
termination of the disease—whether by lysis or by crisis. We
have found that thirteen times the disease terminated by lysis and
twelve times by crisis. The accompanying table (Table I) illus-
trates this point and enables the individual case-histories, upon

® British Medical Journal, 1907, No. 2443, 1129.
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Day of Disease, \ Totalc.c. Anti-

TABLE 1.
Dr. Ladd’s Cases.

Recovered by | Recovered by Died.

Case No First Injection. } serum Injected. Lysis. Crisis.
L 3 = +
Il 12 i 5 | -+
II1. 4 : 30 -+ \
v, 5 ; 15 +
V. 2 | 35 +
VI. 1 ( 15 +
VII. 3 ' 20 -+
VIII. 3 ‘ 45 +
IX. 2 t 35
X. I f I35 +
XI. 20 \ 25 +-
XII. 4 ; 46 -+
XIII 1 45 +
X1V, 14 28 +
XV. 3 53 +
XVI. 4 4 N D .
Akron Cases.
1. 5 82.5 4 J
I1. 1 10 + F
I11. 12 20 +
Iv. 2 43.5 —+
V. 7 25 +
VI 2 22.5 +
VIIL, 1 15 +
VIII. 1 35 + F
IX. 2 105 -+
X. I 25 + }
XI. 2 22.5 4
Pennsylvania Hospital Cases.
L 4 15 + }
1L 3 23 + i
111 4 45 + -+
Iv. I1 25
v 10 15 -+ o o
St. Vincent’s Hospital Cases.
I. ? 30 +
11. | 4 30 +
I ? 60 -
Edinburgh Cases. Recovered (no details).
I —7 120 . -+ ‘
11 —7 120 + |
II1. —7 120 -+ ]
] V. 1 30 ‘ | 4+ F
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Belfast Cases.

L. | 2 ‘ 90 1 +
1L i 2 90 i -+
I11. 10 ‘ 90 I +
1V, 2 ‘ 30 ‘ ! + F
V. 35 ‘ 30 ; + i
VI ; 25 60 ‘ =+ | |
VIL. ? } ? ; i i -+

Dr. Cushings’ Case.

Lo s | a4 |
— = less than. F = Fulminating.

which it is based, to be scrutinized. In a number of cases the abrupt
termination of the disease, after acute and violent onset, within
forty-eight hours of the injection of the antiserum, was striking
and impressive. In some cases the serum was injected as early as
twelve hours, and in one case as early as two hours, after the onset
of severe symptoms, with prompt arrest of the disease.

Once or twice after abrupt arrest of active symptoms lasting
several days, relapses occurred which were as promptly controlled
by another injection of serum as was the original infection. It
would appear that during the height of an epidemic of meningitis
spontaneously abortive cases are of infrequent occurrence.

To discuss, on the basis of so small a series of cases as is here
presented, whether the antiserum can be said certainly to influence
favorably the temperature, mental condition, and such special symp-
toms as headache, muscular rigidity, paralyses, etc., seems hardly
worth while. Moreover an analysis of the reports having these
points in view can be made far better by those who have been in
daily contact with the ill from epidemic meningitis and have learned,
at first hand, to know its protean aspects and variable course. But,
on the other hand, it is patent that the successful cases reported
here have, almost without exception, made complete and rapid re-
coveries. There have been few or no long and tedious periods of
convalescence, and in one instance only has a permanent defect—
in this instance some imparement of hearing—remained.

Our choice of mode of introducing the antiserum into the body,
namely into the spinal canal, should be justified. We were led to
this manner of employment by two considerations: First, the
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theoretical advantage of bringing the antiserum into direct con-
tact with the focus of infection and inflammation, to support which
we possess data based on animal experimentation; and second, the
knowledge that elimination of colloids, and of crystalloids even,
from the blood stream into the cerebro-spinal fluid is a slow and
imperfect process in health and probably in inflamed states of the
membranes also. Since there appeared to be no danger from this
method of introduction of the serum, provided care was exercised,
it was chosen; and the cases recorded in this paper bear testimony
to its safety. In a few instances the subcutaneous has been super-
added to the intradural injection, but whether any advantage is
to be derived from such double injections, greater experience will
have to determine. Could the subcutaneous be substituted for the
intradural method there would obviously be a gain in convenience
and probably in safety of general employment of the serum. We
think it improbable that the results would be as good by the sub-
cutaneous as they appear to be by the intradural method.

We possess evidence that the direct effect of the antiserum upon
the diplococci present in the exudate in the cerebro-spinal mem-
brane is to cause their rapid degeneration and an arrest of their
free multiplication. This must be of some advantage to the patient.
We have noted remarkable reduction in number and striking evi-
dences of degeneration and loss of power of growth of the diplo-
coccus, twenty-four hours after an injection of the antiserum.
An exudate previously sero-purulent may be converted into a merely
turbid exudate by an intradural injection of the serum.

The few cases in which the exudate has been really purulent or
fibrino-purulent and present in small quantity, as judged by the
few drops which could be secured on lumbar puncture, seemed not
to be benefited by the serum injections. Whether such cases are
very unpromising will have to be determined by wider experience
with the antiserum.

Although we have discussed, briefly, the question of anaphalaxis,
the cases in which several injections of serum were made, some-
times with considerable intervals between the injections, tend to
show that the danger is not a very real or impending one. It
can, we think, be neglected in practice for the present.
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It is clear that once we accept the fact of the abortive and crit-
ically terminating cases as being caused by the antiserum, the early
injection of it is to be sedulously sought. The figures, small as
they are, also point to better results from the injections made in
the first three days of the illness as compared with those made at a
later period. And yet favorable effects have been recorded in cases
treated in the fourth, fifth and eighth week of the disease. Basing
a tentative deduction on the few facts of our present knowledge,
we may suppose that as long as living and multiplying diplococci
remain in the membranes and their fluid, the serum may be em-
ployed with hope or expectation of useful results. The serum is
clearly of no avail in the treatment of symptoms resulting from
chronic obstructive lesions of the membranes.

The doses of the serum employed thus far rest on an empirical
basis. Whether the larger doses which have been used latterly
are more efficient than the smaller ones used at first, can be deter-
mined only by a wider experience than we have yet had. In test-
tube experiments degree of concentration of serum plays an im-
portant part in determining injury and disintegration of the diplo-
coccus, since a high concentration of the serum is more effective
than a low one. But the mechanism of test-tube bacteriolysis and
of intradural bactericidal effect may be and doubtless are widely
different. Our knowledge of the manner of intra vitam disposal
of the diplococcus after serum injection is very defective; but an
important factor is doubtless the intracellular, phagocytic digestion
for which we have evidence derived from microscopical examina-
tion of the cerebro-spinal exudate. While in active stages of the
infection the intracellular diplococci present sharp outlines and
appear vigorous, and the extracellular microorganisms are well
preserved, after the serum injection the diplococci within cells have
lost sharpness of outline, stain indifferently, and strike one as degen-
erated, and those without cells are much reduced in numbers and
staining power. Possibly it is this active and apparently acceler-
ated intracellular digestion which prevents an increase in toxic
effects following the serum injections such as might otherwise occur
from the more rapidly liberated endotoxin. That the antiserum pos-
sesses certain direct antitoxic properties, which also tend to di-
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minish the dangers of endotoxin-intoxication, would seem to be
indicated by its power to neutralize intra vitam the toxic effects of
an autolysate of the diplococcus.

In order to avoid unnecessary repetition in preparing this discus-
sion, some of the above propositions have been stated in a manner
that might readily convey the impression that we regard it evident
and established that the antiserum has proven its usefulness as a
therapeutic agent in epidemic meningitis. The facts of our belief,
at the present time, are quite otherwise. No one could be less
convinced of the final fact of its value than we are. On the other
hand, we believe that the data at hand warrant a wider trial of
the antiserum, particularly as no other and better means of com-
bating the disease is available. We think, however, that it is un-
justifiable to employ the serum indiscriminately and without proper
clinical and bacteriological controls. We shall be able, at the Rocke-
feller Institute, to supply a moderate amount of the antimeningitis
serum for use under conditions of control which we shall prescribe.

ADDENDUM.

Since the completion of this paper reports of seventeen additional
cases of epidemic meningitis in which the antiserum was employed
have been received. The full histories of the cases will be published
later, but summaries of them will be given here. Twelve of the
cases were treated at the Municipal Hospital, Philadelphia, by Dr.
Franklin Royer. A tabulation of them follows:

. Case No. Age 0{( eI::;lem m ‘ Day f;géﬁgns erum T(::t.il. ‘gt!n So:r?ltmm i Result.
; Injected. /
1. 3 7 180 ! Died.
1I1. 4 o] Q0 Recovered.
II1. 18 3 90 Died.
IV. 7 3 140 Recovered.
V. ‘ 3 4 220 [ Died.
VI. 10 2 90 I Recovered,
VIL 8 6 30 i Recovered.
VIII. 22 ? 95 ‘ Recovered,
IX. 13 3 150 Recovered.
X. 10 8 90 Died.
XI. 10 4 150 | Recovered.
XII. ; 13 3 120 |  Recovered.
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Two babies, each a year old, were treated with the antiserum at
Mt. Sinai Hospital, New York, by Dr. Heiman. One received the
first injection of serum on the twenty-third day, 60 cubic centimeters
were injected in all; it died. The other was injected on the fifteenth
day, received 35 cubic centimeters of the serum and recovered.

Two children were treated with the serum at the Babies Hospital,
New York, by Dr. Holt. One is eleven months old, was injected
first on the forty-ninth day of illness and will probably die. The
other is eighteen months old, was injected first on the twenty-third
day of illness and is now convalescent.

An additional case, not included in the first series of cases, was
treated at the Akron City Hospital. The child was six years old,
was injected first on the sixth day of illness, received in all 160
cubic centimeters of antiserum and recovered.
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