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MENINGOCOCCIC MENINGITIS

A CLINICAL STUDY OF ONE HUNDRED AND
FORTY-FOUR EPIDEMIC CASES*

K. C. SMITHBURN, " M.D.

G. F. KEMPF, MD.; L. G. ZERFAS, M.D.
AND
L. H. GILMAN, MD.

INDIANAPOLIS

The present eggemic of meningitis in Indianapolis
began in November, 1929. This report includes cases
.admitted to the Indianapolis GJBY Hospital between
Nov. 11, 1929, and April 1, 1930. One paticnt was
received in November, 52 in December, 22 in January,
44 in February, and 25 in March. Less than ten other
patients either died without treatment or were treated
elsewhere. The epidemic is still in p , cases
being admitted at the rate of about fifteen a month.
The disease at present appears to be less virulent than
during the early months.

Practically 90 per cent of the early cases were employ-
ees or relatives of employees in two departments of a
Iarge industrial concern. Later, however, contacts were
from several other sources, and eventually a consider-
able number could not be traced. Eighty-eight patients
were white and fifty-six were Negroes. |
carly weeks of the epidemic, almost all Ea.ti_ents were
received from homes which were unhygienic and
insanitary, poorly ventilated and heated, and in which

here was close contact between members of the family.
@ cases became more scattered and contacts more
icult to trace, a small number of patients came from
Detter homes.” Eleven -families furnished from two to
four cases each, comprising a total of thirty cases.

Not only have the exhaustive studies by Flexner®
and his assog:lm of a :;riﬁ of.cam‘:: ﬁerln

riod of several years contributed greatly to the knowl-
Ecelge and treatment of the disease, but their reports also
jnclude complete surveys of the literature. We shall
therefore refer chiefl
cerned with some p
ciuphasize.

MANNER OF OBTAINING DATA

Histories of the patients were of necessity obtained
{from relatives in the home, as many patients were
comatose when received.  On admission to the hospital,
a detailed physical examination was done and cultures

.ol the blood were made before treatment. Spinal fluid
pressures were measured on admission; daily routine
spinal fluid examinations induded cell counts, chemical
tests for su%:a;uand,proteins, smears and cultures for
organisms. kocyte counts of the blood were made
on admission and at irregular intervals thereafter. Fre-
quent urinalyses and repeated blood cultures were made,
and, when possible, daily physical examinations. At
intervals throughout the epidemic, organisms obtained
from cultures of thyr blood and the cerebrospinal fiuid
were typed by means of agglutination and absorption
tests.  None of the patients were discharged from the

anpital until at least two successive negative naso-

‘ar\mgml cultures, taken at four day intervals, were

Mained.? Necropsies were obtained in sixteen of the
ninety-two fatal cases. )
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EARLY CLINICAL OBSERVATIONS .

The most striking information gained - from the-
clinical histories was the nature of the onset of the dis-
ease. Inthe majority of cases, the onset was sud-
den and violent. The clinical course was' rapidly
progressive and was characterized by extreme prostra-
tion, the degree of which was out of all p rtion to the
meningeal signs. Of the entire group, 6.9 per cent
ﬁrsen‘bed the textbook picture of the fulminating or

Table T show $

able 1 shows the more important early symptoms
and physical signs, certain of which deserve further
comment. :

In 68 per cent of the cases the tongue showed a
marked whitish furring over the dorsum, beefy red
margins, and prominent bright red papillae, not unlike
the strawberry tongue of .scarlet fever.. A latge
majority of patients had some degree of respiratory
infection as evidenced by pharyngitis, nasal discharge,
bronchitis or pneumonia. In the presence .of intra-
cranial of from 35 to 52 mm. of mercury,
cephalic cry and projectile vomiting were dwnsionaﬁy

Tasee L—Early Symploms and Physical Sipns -

seen, while coma, stupor or delirium were usually
present, although these conditions existed at times when
the pressure was not markedly elevated. Obtunded
ocular, cutaneous and tendon reflexes, not included in
table 1, were present in a large majority of cases.

us hemorrhages were observed in ninety-nine
patients,* or 68.7 per cent. There was considerable

variation in the appearance of the lesions, and. three -

subdivisions were mdde: In the first group, comprising
twenty-three cases, there were only a few scattered
petechiae which usually did not exceed 3 mm. in
diameter and which were most often seen over the

dorsum of the hands, the knees, the ankles and the fect.

In the second group, forty-six cases, the hemorrhagus
were little, if any, larger but were more numerous, were
scattered over the trunk, and were especially. numerous
about the neck and face. In the third group, including
thirty cases, are listed those in which there were
innumerable hemorrhages, varying in size from minute
pin-point petechiae, 1 to 2 mm. in dimmcter, up to great
purpuric ¢ blotches several inches in diameter, appear-
g over the entire cutaneous surface of the body and
always in the conjunctivae. The purpuric blutches
were most commonly scen on the upper part of the
trunk, the neck, the upper arms and the thighs,
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Cutaneous hemorrhages usually appeared on the first or
second day of the disease. of petechiae was

noted in two cases,

CLINICAL COURSE AND COMPLICATIONS

The outstanding clinical features observed in the
study of this series of cases, apart from the_central
nervous system involvement, were the extreme virulence
of the organism, the very marked evidence of systemic
infection® or intoxication, and the death of patients
despite the rapid improvement in the spinal fluid.
Systemic mni&qtations of the disease were numerous
and severe; fever, anorexia and prostration were
present frequently for hours or even days before
meningeal signs or symptoms developed. The presence
of cardiac involvement and pulmonmg', upper respira-
tory and kidney complications .(mble ) would seem to
indicate either an overwhelming toxic process or a

ized septicemia. The high incidence of
ial hemorrhages and the large number of positive
lood cultures ¢ would strongly indicate the latter.

The interval between the onset of the disease and
admission to the hospital varied considerably.
earliest cases that we saw, the patients were admitted
two or three hours after the onset of illness; however,
these instances were rare. A large number had been ill
two or three days before admission, and'a few patients
were received after a week or more of illness. . Fully
40 per cent of the patients were moribund when they
were admitted to the hospital, partly because of the
virulence of the disease and partly because of failure to
recognize the disease.

The illness was freqt_xent!y usheréd in with a chill
followed ? a sharp rise in temperatuire to 103 or
104 F. Su ently the temperatures were very
irregular,’ the ly peak coming sometimes in the
‘morning, at other times in the afternoon or during the
night. Usually at some time during the twenty-four
hour period tﬁem was a decline in temperature to
no! or mnearly normal. In many patients who
recovered, .the temperature repeatedly reached alarm-
ing levels (106 F. or hngher) and terminal tempera-
tures of from 107 to 110 were not at all uncommon
in fatal cases, Many times the temperature remained
high after the patient had improved markedly, Defer-
vescence was always by gradual lysis. ubnormal
temperature was occasionally noted on admission but
was never persistent. . .

The heart was frequently enlarged before other
evidences of cardiovascular involvement developed.
At the onset, the pulse was usually accclerated in pro-
portion to the temperature, but during the sybacute
and convalescent states of the disease the pulse was
frequently ztoclerated out of all proportion to the
temperature,

Early -involvement of the lymphatics was seen in
practically every case, the adenitis being generalized hut
most marked in the posterior cervical nodes. The
enlarged glands were usually rather soft and not infre-
quently tender to palpation.  Adenitis usually persisted
{for sume time after recovery.

In the carly days of the disease, irritability amd
hypersensitivity were present to a high degree.  Chil-
dren cspecially resented handling,  light stimulation
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Mol 241 SHSI9 (Nav.) 1919, "
et S S PR R TS

we. 23)

7. Dabais, 1 1., and Neal, J. B.: Sumnm { F AY f
it e et eeiahotie r.:gwmg‘- with Meningiiia fn New Vark Ciiy,
Am. J. i Chikl.* 9§ )-16 (Jan.) 1915,

»  MENINGOCOCCIC MENINGITIS—SMITHBURN ET AL, . 7

of the skin or moderate pressure over the long bones

-.usually caused an outcry in either children or adults.
Meni signs showed wide variation in_children
from those in adults. In the infant, neck rigidity was
in general less marked, and frequently opisthotonos was
not detected until the child was on his side.
Kernig’s and Brudzinski's signs were frequently absent
in young children. In older children and adults. how-
ever, neck rigidity was striking. The children from
4 to 12 of age showed the most extreme degrce
of opisthotonos; although present in adults, it was
usually .less marked. Kernig’s and Brudzinski's (leg)
signs were more frequently and more easily clicited in
adults.

Almost complete loss of appetite and profound
asthenia twere present in most cases. In the acute
stage, loss of we:tiht was extremely rapid, and in all

rotracted cases the patients were greatly emaciated.
Patients who were comatose, of course, took food
and fluids only by forced feeding. In spite of these
facts; intercurrent infections ‘were seen in only three
instances, : o

* Relapses occurred but were uncommon; recrudes-
cences, on the other hand, were quite common, occur-
-ring in perhaps more than half of the ordinary type of
case, and frequently necessitating resumption of serum
therapy when this had beea discontinued. In refrac-
tory cases, it was common to see patients become
mentally dull, develop carphologia, subsultus tendinum,
muttering delirium, marked tremors, and pathologic
reflexes. At necropsy, two of these patients were found
to have definite areas of brain softening or actual
abscess formation,

Thirty-six cases were complicated by nephritis and
four of these by hemorrhagic nephritis; some, but not
all of these, had retention of nitrogenous products.
Those cases showing albuminuria alone were not
included in"this group. Recovery occurred in three of
the four cases complicated by hemorrhagic nephritis.

A few of the cases nomglwated by pnenmonia
presented the physical signs of. the lobar type. but in
those coming to autopsy only the bronchial or confluent
bronchial variety was seen. Pneumonia was frequently,
but not invariably, a fatal complication.

Pericarditis, in this series of cases, was a highly fatal
complication, recovery occurring in only one of nine
unmistalable cases. Endocarditis, however, seen in
eight cases, was accompanied by a considerably lower
mortality rate.

Arthropathies occurred in eleven, or 7.6 per cent of
the cases, Both arthritis and periarthritis were seen,
the former most frequently involving the small juints
of the hands and feet, and in one of five cases accom-
panied by suppuration; the lalter, nonsuppurative
lc:ccumxl ip six cases, most frequently involving the

nces. :

Deafness occurrerd in cleven patients and was bilateral
in two of these. Dcalness in no case has disappeared
entirely, and in most instances has not improved,
Spinal accessury paralysis, giving rise to wry-neck, was
scen particularly in the later and milder cases. araly-
sis of both lower extremities was seen in one paticnt
and fAinally deared up entirely. Hemiplegia was present
in two patients who recoverwd, having disappeared in
one case with but slight residuum, and persisted in the
sccmud case, a later one, | Spastic paralysis of the upper
pharyngeal muscles occurred in three cases, all of which
were fatal,  Other cranial nerve palsies were usually
transitory,

-
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Spinal subarachnoid block ® occurred in a number of
cases. Ventricular block was recorded in six cases but
probably occurred more frequently since not all patients
‘who had one or more “dry cisternal taps” were so desig-
nated ; the condition was seen at the autopsy table when
it had not been recognized clinically. To date, no
patient with ventricular obstruction in this series has
recovered. Intraventricular hemorrhage, di ed at
necropsy, and in all cases attended by terminal extreme
hyperpyrexia (107 to°'110 F.), was also, seen.
““’Table 2 shows the more important complications
observed and the frequency and time of their occur-
rence. : )

Tame 2—Important Camplications, Showing Freguency and

. Tinie of Oceurrence .

]
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Palpitation. dyspnca and other evidence of myocar-
. ditis have been observed for weeks following recovery;
strength and weight jn some cases were very slow in
rcturning. The mental condition, while quite sluggish
in a {ew patients, hag frequently shown nnprovement.
All recovered patients who had sphincteric incontinence
have regained control of the sphincters. . .
Scrum sickness was frequently seen, most often
appearing _in the secpnd week after treatmients were
started. In six instinces in which prolonged use of
serum was requisite, serum sickness occurred twice,
and a seventh patient had three attacks of this ailment.
When nat attended by urticaria, this condition may be
differentiated from ,a recrudescence by neurologic
examination of the patient and examination of the
cerebrospinal fluid. In the presence of serum sickness,
when clinical and bacteriologic examination indicated
active infectivn, the, serum treatment was continued
without apparent ill effects.
LABORATORY ORSERVATIONS
White bloond cell counts on admission fell between
the extrenws of 4, and 64,000, theé mnjorzigy of
xtients having a lenkocylosis of from 15,000 to 25,000.
e cases with very low and those with very high
counts were almast invariably fatal.  Differential
lenkocyte counts showed a polymorphonuclear percent-
ae ol from 0 to 9. Those cases with a very high

———— e st B gn | Sowy
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percentage of polymorphonuclear cells were fatal. The
red Blood cell count was usually unaltered. .

Spinal fluid pressures, while in general greatly ele-
vated, showed wide variation. The mercury mancmeter
was used, and pressures recorded ranged between zero
and 52 mm. the pressure was suhnormal, the
fluid was either. too thick and turbid to flow from the
nidle or subarachnoid block was present. Spinal

=fluid cell counts made on admission varied from zero
to 109,000. .. . L. .

It was found that a clear cerebrospinal flnid, without
1leukocytosis (by the usual methods of counting) does
not rule out the diagnosis of meningococcic infection.
In six cases in which the number of cells was not ele-
vated, the clinical diagnosis was substantiated only by

tures of the blood or spinal fluid or both. All these
‘Showed a 1 is of the spinal fluid after serum
had been administered intrathecally.

Very few of .the spinal fluids obtained from first
puncture reduced Benedict’s solution, but when the,
active infection had subsided the tests became positive.
In sev:;lal instances, when thz;pi?al ﬂui(ll :augarblw:sa
repeatedly tive over a period of sever ys, blo
su,%r dete::ng:ﬁﬁons were normal.

e have used the Pandy test for spinal fluid pro-
teins. All variations of positive reactions were seen.
Persistently strong- reaction was usually 2 bad prog-

_nostic sign. When the spinal fluid cell count reaches
400 or below, the sugar reaction is positive, and the
Pandy test shows decreasing amounts of proteins, it is

- advisable to discontinue intrathecal administration of

serum. .

Direct smears and ‘cultures® were made from ali
cerebrospinal fluids when the patients were admitted.
It was found that when no organisms were seen in

stained smears bf centrifugated cerebrospinal fluid the”

bacteria could rarely be grown. On the other hand,
cultures were freguenﬂy negative in fluids from which
meningococci had been obtained in direct smears.
Only rarely, and then most often during a recrudes-
cence, could thé organisms be obtained in culture after
serum had been administered intrathecally, and even
when seen in direct “smear the appearance of the
organism was considerably altered, Spontaneous coagu-
lation of cerebrospinal fluid (the syndrome of Froin)
was seen in a few instances and was usually a bad
prognostic sign. At some time in almost every case the
cerebrospinal fluid became xanthochromic, but little
importance conld be attached to this occurrence,

Cultures of the blood were made on admission and at
intervals thereafter, blood enriched agar plates and
semisolid testicular agar (tubes) being the mediums
used (P 7.6). We have obtained positive cultures of
the blood repeatedly from the same patients, in one
instance as late as the ninetcenth day, and in another
as late as the thirty-fifth day of the disease.

Repeated examinations of blood and cerebrospinal
finid * from convalescent patients have. failed to show

the presence of agglutinins for the causative strain of.

organism. In one instance only were lutinins
found, and then in the blood of a patient who had been
treated with antimeningococcic serum plus a vaccine
to which had been added convalescent serum.

At intervals throughout the four months’ period,
cultures selected at random were typed by means of

.9. The baclerfolagic and serolagie studics were made by M. M. Pawcll,
AL, Sc.P aud F. C. Joues, of the bivlogic department. of the Lilly
Resenreh Laboratarics. palie
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agglutination and absorption tests. This work was done

according to the classification and technic suggested by
Gordon.’t. All cultures so treated were found to be

pe III, comparatively rare according to Blackfan.?
'ﬁ' is true that we have not typed organisms from each
patient, but, since the cultures were selected at random
and throughout the entire four months, it is fair to
presume that other cases were likewise caused by a
type III organism.** ’

TREATMENT

The treatment has remained essentially the same
throughout the epidemic. The routine adopted ipclude(l,
on ;ﬁ‘iﬁssion, a skin sensitization test, rhachicentesis
and intrathecal serum, intramuscular serum and (espe-
cially during the second month of the epidemic) serum
intravenously. Intravenqus administration of an anti-
septic solution was tried and found wanting despite the
-in vitro activity of the agent.

*  Commercial serums were used throughout, except a

- small. lot from a state health board from which no con-
clusions relative to efficiency could be drawn. The
agglutinating powers of all serums_used were deter-
mined and found to be adequate.’* Furthermore, neu-
tralization tests on animals according to the method of
"Shwartzman *® were used to determine the efficacy of
the various serums. . .

As to the efficiency of the three brands of serum
used, there appeared to be little difference. 'We favor,
for intrathecal use, however, a concentrated serum for

the reason that it 13 less bulky and the entire quantity

maybegivenevmtothemnallchild. In view of the

septicemic nature of the disease, as Herrick, Blackfan
and others have pointed-out, and as we have found, and
in view of the high incidence of petechiae and positive
blood cultures, it would seem that intravenous serum
.is indicated, and results bear out these opinions. How-
ever, we have unfortunately found that one of the com-
mercial serums used intravenously is attended by
e e aithovh Jeos Frommentls, it

tions were ien ough less frequently, wi
then?other serums used. These t;glcﬁons took place
despite negative skin or conjunctival sac sensitization
tofsstl;1 in some instances, The idea is quite prevalent
that, in the administration of serum intravenously, if
.3 or 4 cc. can be given slowly with safety, the patient
will not have an immediate anaphylactic reaction. We
have found that this is not wholly true, as reactions
of alarming proportions have occurred after administra-
tion of cc, of serum. In some instances there
appeared to be a daily decreasing tolerance to repeated

- intravenous serotherapy, necessitating abandonment.
Both lumbar and cisternal punctures were used as a
routine. In-numerous patients, spinal subarachnoid
hlock necessitated cisternal puncture. Serum was used
intracisternally also in refractory cases not responding
well to intraspinal treatment. The usual gravity
method for intrathecal adnymstraxion of serum was
employed with the least possible pressure,’® the volume
administered.being at least 5 or 10 cc. less than the
amount of fluid removed. Neal and Dubois and others
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have described a condition of “shock” following intra-
thecal administration of serum, ized by cessa-
tion of respiration while the heart continues to beat.
This phenomenon was not infreguently seen in our
cases and has. resulted fatally in a few instances.’® This
condition has been ascribed to sudden ‘elevation of
intracranial pressure by the serum, but it is suggested
that a sudden decrease may also be the cause.
Reinjection, intramuscularly, of spinal fluid, proposed
by Lauzer,'® was employed as an adjunct to serotherapy
in a number of cases without well marked evidence of
beneficial effect. .
Following the idea advanced by Caronia®® for the
treatment of typhoid, a lysed vaccine, to which had been
added convalescent serum, was administered subcutane-
ously to twenty-nine patients. Some of the group
recetved this material on admission and throughout the
period of active infection, and others only when serum
therapy had failed and death was imminent. In every

.instance it was used only as an adjunct to serum

therapy. The procedure was instituted at a time when
cases were becoming less virulent, and the series of
patients thus treated is so small that the results have
not been convincing. Additional work along this line
seems to be justified. ' .
and others have reported the high incidence
of positive nasopharyngeal cultures, and it was deemed
advisable to attempt to combat this source of infection,
The first antiseptic solution employed was discontinued
when nasopharyngeal cultures were -positive after
several days of intranasal admigistration. The pro-
cedure finally adopted was: ephedrine sulphate, 3
per cent, in each nostril followed by sodium-ethyl-
mercuri-thiosalicylate (Merthiolate) 1:4,000 twice daily,
Following the institution of this therapy no naso-
pharyngeal cultures were positive. Further than the
{foregoing, the treatment was symptomatic. ’
S MORTALITY

Table 3 shows the distribution of cases by age and

rece with the mortality for each. :

Taseg 3~—~Disiribution of Cases by Age and Race, coith
Mortality for Each
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Threc patients died before treatment could be

administered.  Thirty-five others died within twenty-
four hours after admission to the hospital and received
only one serum treatment. OFf the ninety-two fatal
cases, only twenty-five were in the hospital more than
seventy-two hours. In the remaining sixty-seven cascs
(those who diud in seventy-two hours or less after
admission) the sudden onset, rapidly progressive
clinical course antd carly fatal outcome would obviously
require the Jesignation of fulminating or hyper-
acute. Tncdeed, the number of fatal enses by no
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means includes the entire number of patients critically'

ill on admission; many others were stuporous, delirious

or comatose, suffering from hyperpyrexia, from numer-

. ous severe complications, as pneumonia, pericarditis and

nephritis, or were otherwise violently ill and recovered.
These statements are made not.only in order to empha-
size the severity of the illness hut also to distinguish

between the clinical picture of true epidemic meningo-.

coccic infections and the milder, far less alarming
sporadic cases. s .

Since the treatment has not varied appreciably dur-
ing this epidemic, a review of the mortality statistics
should give accurate information on the trend of the
epidemic regardless of therapeutic ageuts in use. There
was in th:gzginning a aha? rise in mortality rate to a.

and then a gradual decline which corresponded
airly well to the evidences of septicemia and severity
of the cases. This would naturally be confusing if the
treatment at the time of the peak * had been abruptly
changed, that is, from one brand of serum to another.®
We' therefore believe that clinically the comparative

* evaluation of various brands of serum or other thera- -
determined only by
-alternate clinical controls throughout an entire epidemic.

peutic agents can be accuratel

Theapparent
parallelism between

- the incidence of
petechize, the per-
. of positive
blood cultures and
the mortality rate is
quite striking.
Twenty-five pa-
% tients either- died
\ before cultures of
* : the blood were
5 made, or_the only
o cultures made were
contaminated. Of
the remaining. 119
cases, 63.8 per cent
showed . positive
blood cultures, as
shown in the ac-
companying chart.
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In a few of the charts no mention was made of -

petechize, but the statistics are quoted for the entire
group. The data on mortality includes all cases, ful-
minating and otherwise.

When the fulminating or hyperacute cases are
excluded (patients who were in the hospital less than
seventy-two hours and received not to exceed three
days’ treatment) the mortality statistics are quite differ-
ent. Sixty-seven deaths occurred within seventy-two
hours of admission. Of the remaining scventy-seven
patients, twenty-five died, the mortality being 32.4
per cent. .

SUMBMARY

A series of 144 cases of epidemic meningococcic
meningitis (type III) has been studied, with the follow-
ing obscrvations: :

1. In the fulminating type of casces, intrathecal
administration of scrum appears to be inadeguate,
regardless of rapid improvement in the condition of
the spinal fluid.
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2. Evidences of systemnic infection would scem to be
an indication for the intravenous administriitionn of
serum. a

3. Danﬁqt{us anaphylatic, reactions may follow the
first or subsequent daily intravenous injections of anti-
meningococcic serum. . ‘

4, Of 119 patients from whom blood ciltures were
made, seventy-six (63.8 per cent) were positive for

memlggococu. . .
5. There was an approximate parallelism between the
incidence of petechiae, the percentage of .positive blood

- cultures, and the mortality rate throughout the epidemic.

6. A serum the agglutination titer of which is ade-
?uate (Amoss) is not to be condemned on the basis of
atalities at the peak of an epidemic or to be overrated
on the basis of results obtained when the virulence of
the epidemic is on the wane.
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granular leu and p! ts. In agranulGeytosis,
the factory that makes the granulocytes. has sliut-dewn.
The life of this cell in the normal conditions of health is
three days or more,* and from three to five diys by
other evidences. “Therefore should the red marrow stop
manmifacturing them for three, four or five days, ‘they
would after that time totally disappear from the blood
stream. Thisis amrentg what happens. In our patient
there is evidence it did happen. The factory divi-
sions of the marrow that make the erythrocytes and the
platelets seem to continue to work at approximately their
normal qutput, There is little if any evidence that the
granulocytes are -formed normally in the marrow and
destroyed in the blood stream. On the con , there is
much evidence that the myelocytic function of the mar-
row stops and that the primary pathologic condition is

in‘the hone marrow. ' .
The cause of this pathologic condition is unknown.
This whole question 1s theoretical. The evidence that
the primary seat of the condition is in the marrow is

-

" threefold:

1. At necropsy, normoblasts and megakaryocytes are
present but myelocytes and granulocytes are absent or
nearly absent. The marrow is often liquid and varies
from red to straw color. In other cases, particularly
with the maintenance of the gross fatty structure,
myelocytes may be completely absent or nearly so, but
the erythrocytes, the lymphocytes and the monocytes are
present. The latter two cells may be apparently actually
mmcreased. The aplasia of the marrow involves the
granulocytes. If death occurs after regencration of the
granular cells has begun, the marrow may show evidence
of acute hematopoiesis with cells normal in number and
character atid even myeloid hyperplasia. Buck’s?® case
illustrates this point. Arcas of patchy necrosis may
occur in the marrow. Patients who recover {rom the
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