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CLINICAL SECTION
CLINICO-PATHOLOGICAL CONFERENCE-No. 14*

Neonatal Meningococcosis
Case History (Dr. D. H. Garrow)
A female child was born on November I8,

I950, two weeks premature by dates, weighing
6 lb. 12 oz. Delivery was normal and she sucked
well at the breast.
On the third day of life a slight discharge from

the right eye was noticed and penicillin drops were
instilled. Mild jaundice was also noted but the
child remained well and contented until the day
of admission, by which time her jaundice was
fading.
On the day of admission (November 27, 1950,

tenth day of life) she refused part of her 2 p.m. and
6 p.m. feeds. Shoitly afterwards haemorrhagic
spots were noticed on her thighs and chest. Later
the same evening, when examined in the ward, the
child was crying quite vigorously. There was no
significant jaundice. The face was florid and
bloated, with slight cyanosis of the lips. The
trunk and limbs were covered with purple blotches
resembling bruises or post-mortem lividity; there
were also a few petechiae. There were no
meningeal Eigns and the fontanelle was soft. The
baby was shocked, with cold extremities, im-
palpable rapid pulses and a heart rate of 204 per
minute.
A lumbar puncture was done at 1.30 p.m. The

C.S.F. was turbid, and direct smear showed masses
of gram negative diplococci and relatively few
cells. These organisms proved on culture sub-
sequently to be N. meningitidis (Group 2). A
swab taken from the right eye also showed a few
gram-negative diplococci.

500,000 units of penicillin and 3 cc. of eucortone
were given immediately, intramuscularly. Steady
deterioration occurred, with deep cyanosis of the
lips unrelieved by 0O, and the post-mortem type
of lividity became progressively more marked.
Respiration and mental state, however, remained
normal until about half-an-hour before death. At
I.15 a.m. some jerking movements of the eyes
were noticed and some saline, chloral and sul-
phamezathine were given by stomach tube. At
2.45 a.m. 30,000 units of penicillin were given
intrathecally but by this time respiration had be-
come less frequent and gasping in character.

* Held at the Postgraduate Medical School of London
(Hammersmith Hospital) on March 14, I951. The
report was assembled by Dr. Bernard Lennox. The sec-
tions are by Mr. J. G. Griffin and the photomicrographs
by Mr. E. V. Willmott.

3 cc. of eucortone intravenously and i cc. of
coramine into the right ventricle were without
effect and the baby died at 3 a.m.

Other investigations included pre-treatment
blood sample (i p.m.)-culture yielded N.
meningitidis in four tubes and B. coli in five tubes.
P.C.V., 51 per cent.; blood urea, 85 mg. per
cent.; plasma chlorides, 6oi mg. per cent. (as
NaCI). Unfortunately the plasma was not
separated from the red cells for six hours. W.R.
and Kahn were negative. No pathogens were
isolated from a rectal swab.

Clinical diagnosis. Fulminating meningococcal
septicaemia and meningitis.
Autopsy Findings (Prof. J. H. Dible)
At post-mortem the body showed widespread

blue mottling, together with some purpura. The
heart was normal, but on section showed a little
fatty change in its muscle. The lungs floated but
were heavy and sodden, and on section were found
to be the seat of widespread haemorrhage. There
was no real oedema. Scattered vessels showed
thrombosis and, in some of them, a few meningo-
cocci could be found in sections. There were, in
addition, early inflammatory lesions.
The tonsils were inflamed and covered with

exudate. The liver showed irregular congestion
and, on section, scattered haemorrhages and oc-
casional thrombosis of hepatic arteries. One such
vessel showed marked necrosis in its wall. The
spleen was congested and haemorrhagic. Sections
of the skin showed haemorrhages in the sub-
cutaneous fat.
A section of the tongue showed an area of

polymorphonuclear-cell infiltration in conjunction
with the thrombosis-of some small arterioles.
The kidneys were intensely congested. They

showed haemorrhage into the parenchyma and
pelvis, the former associated with a few early foci
of inflammation. Both suprarenals were largely
replaced by blood clot, which had destroyed ap-
proximately half of the left and a third of the right
organ. On section early thrombosis was found in
the medullary veins. The sinusoids of the cortex
were grossly congested and contained an excess of
polymorphs. It seemed probable that the haemor-
rhage had commenced by the giving way of the
walls of the cortical sinusoids. So far the lesions
were those of a haemorrhagic septicaemia.
The brain was unduly soft, but free from

petechiae. The basal meninges were congested
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FIG. I.-Mid-brain. Showing early purulent meningitis
and perivascular invasion of the superficial brain
tissue. (H, & E. x 85.)
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FIG. 2.-Adrenal, showing extensive haemorrhage and
a necrosis. In the lower and central parts of the

photomicrograph most of the adrenal tissue sur-
vives; above there are two large areas of haemor-
rhage, emphasized by the cracks which have
developed in them in making the section. (H. &
E. x 6.)

rosis. At its lower end the wall is disorganized,
and its lumen is filled by thrombus; polymorphs
are beginning to.infiltrate the area. Above, the
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and cloudy. The choroid plexuses were con-
gested, but the ventricles were not obviously
dilated. The spinal cord showed intense con-
gestion of its pia. The sections showed a well-
marked leptomeningitis of the base of the brain,
the spaces of the pia-arachnoid being full of poly-
morphonuclear leucocytes and the related vessels
showing marked cellular infiltration of their
perivascular spaces. A few meningococci could be
seen in specially stained sections, but they were by
no means numerous.

Summary. Fulminating meningococcal septi-
caemia, with haemorrhage into the suprarenal
glands. Leptomeningitis.
Discussion

DR. GARROW: I think there are several points
of interest about this case. Firstly, as regards
aetiology, what was the relation of the ophthalmia
to the condition? Was it originally a meningo-
coccal ophthalmia being complicated by meningitis,
or was the finding of meningococci from the con-
junctivae simply a complication of meningitis?
The next thing. is the extreme youth of the child.
The youngest case I have been able to find re-
corded was three months old. The next thing is
the great speed of progress of the disease, with
onset at 2 p.m. ofthe day of admission and death at
3 a.m. the following morning. Next, I would like
to ask what would have been the proper treatment?
What should one do with the next similar case?
If we had cortisone available should we have given
it and would it have done any good? Then finally,
perhaps, to discuss the nature of the condition and
the relation, if any, of the suprarenal haemor-
rhages to the clinical state.

Banks and McCartney, reviewing the condition
and describing cases, described two different syn-
dromes, one they called the adrenal syndrome and
the other the mixed encephalitic syndrome. Sub-
sequent writers have suggested that the adrenal
haemorrhages are incidental to the condition and,
if this is so, it was a waste of time giving eucortone
and it may, in any case, have been a waste of time.
Should one have given a plasma transfusion for the
shock? We have seen haemorrhage from vessels in
various organs and, had one given a plasma trans-
fusion, might one have precipitated pulmonary
oedema? Waterhouse and Friderichsen, according
to Banks and McCartney, have no right to have
this syndrome called after them. Banks and
McCartney did not perhaps do this baby any
good by focusing attention on the adrenal glands.
I would like to know what people think about the
adrenal haemorrhage-whether it has anything
directly to do with the collapse.

DR. CROFTON: I think first of all it is worth
sorting out what the meningococci can do. As

Banks has pointed out there are quite a series of
things. At one extreme you get an ordinary
meningococcal carrier, next you get simple
meningitis, then you get meningococcal septi-
caemia, which may be acute and fulminating
without any complications, or it may be chronic,
which is a very different thing, with tender nodules
in the skin, patient not very ill, vague pains and
irregular temperature-we saw quite a lot of this
group in the 1940 epidemic. Then there's another
group who have an encephalitis, which can occur
without meningitis, and these cases are charac-
terized clinically by coma and Cheyne-Stokes
breathing, or stertorous breathing, as main
characteristics; they may, in addition, have small
pupils and they may have fits. Then finally comes
the adrenal group, which may occur by itself or
with septicaemia, and be accompanied by adrenal
haemorrhages or thromboses; these cases are
characterized by low blood pressure, either normal
breathing or apparent air hunger and by main-
tained consciousness. That's how they differ from
the encephalitic group; but, of course, the groups
may occur in combination.
As to treatment, I think we should remember

that the ordinary meningococcal meningitis is one
of the few conditions which is preferably treated
by sulphonamides. Penicillin is not well excreted
in the C.S.F. and probably sulphonamides are
better. Perhaps it is better still to use both. In a
fulminating case of this kind where you may ex-
pect to have peripheral shock with bad absorption
from injections, and perhaps also inability to
swallow, there is something to be said for giving
penicillin intrathecally at the first lumbar punc-
ture, and carrying on with it intramuscularly in
very high doses; the excretion into the C.S.F. is
better if you can raise the blood level sufficiently.
You may have to give sulphonamides in the first
place by intramuscular injection (using solu-
thiazol) and later either by stomach tube or by
mouth. There are theoretical reasons against sul-
phathiazol which is badly excreted into the C.S.F.;
although there is not much clinical evidence to
support this, sulphadiazine is probably a safer
choice. Then from the point of view of treating a
patient who has an adrenal lesion. It has been
shown that these cases have a low blood sugar,
and a number of reported cases have improved
quite dramatically after getting intravenous glu-
cose. Also a number of reported cases have shown
gross oedema at post-mortem when they were
given too much intravenous fluid, and I think you
have to be cautious about that. I should like to
leave it to the endocrinologists whether you should
use eucortone or cortisone or other adrenal cor-
tical preparations. I should have thought at least
it does no harm.
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DR. COPE: On this question of the adrenal
angle, I think one ought to leave out of the dis-
cussion the pathological changes in the adrenal,
that is, the question as to whether there is or is not
a haemorrhage, and regard the whole case essenti-
ally as an acute and fulminating infection and a
fatal one. And in most acute and fulminating in-
fections you do exhaust the adrenal grossly, it is
the main condition where you do, and it is logical,
therefore, to give replacement therapy, at any rate
as an adjuvant to the antibiotics. The question
arises there whether eucortone is a logical sub-
stance to give. The only estimates available as to
the normal production of the adrenal hormones
under conditions of stress, and this is a gross stress,
are of the order of an output for a full adult of
2 1. of eucortone a day. Reduced to the scale of
a child that would be at least Ioo cc. and the 3 cc.
given here is by that reckoning a very small
amount and not really going to make any differ-
ence. There is considerable doubt in my mind
whether eucortone is appreciably active at all in
the necessary hormones. There is one other
point, and that is, from the point of view of the
production of the adrenal haemorrhages, it does
not seem always to matter how virulent the or-
ganism is. You get the haemorrhagic state in the
chronic meningococcal septicaemias or a tendency
to it, and we saw in the Army a very uncommon
case of chronic meningococcal septicaemia which
produced acute meningococcal nephritis, with
gross haematuria, casts of all kinds, albuminuria
and nitrogen retention, and in spite of all that
cleared up promptly with sulphonamide treat-
ment.

DR. GARROD: If these patients are to be re-
garded as suffering from acute adrenal insufficiency,
then I think there is great need for a water-soluble,
rapidly acting preparation of cortisone that could
be given intravenously. I think the delay in the
absorption of the cortisone acetate crystals which
may not allow a maximum effect for 8 to 24 hours
is possibly too great to keep pace with a rapidly
advancing emergency.
DR. PATERSON: Last September I saw a little

girl aged between two and three who, at 9 o'clock
in the morning, did not feel very well and did not
eat her breakfast. Her father, who was a doctor,
did not think much about this. She vomited
during the morning, and by about 3 o'clock in the
afternoon she had petechiae over the chest. By
about seven in the evening she had petechiae all
over the body and her B.P. was untakable. She
was given cortisone; her B.P. came up and she
was treated with penicillin and sulphadiazine and,
in the end, she recovered. I suppose that is im-
portant, anyhow.

DR. FRASER: Well, I would just like to comment

on the adrenal side of this a little further. Dr.
Cope described most of the points at issue, but
perhaps it might be made clear, as I am sure he
meant, that the ordinary doca-like hormone is no
use where shock is the clinical problem; you must
give something with a cortisonfe-like action and,
as he implies, in eucortone that is perhaps negligi-
ble. As to other adjuvants to treatment, I think
perhaps it should be emphasized that water, in-
travenous water, or rather intravenous saline plus
glucose can do a lot in the same way as cortisone
can, and if you cannot give cortisone you should at
least give them; and it is much better to give the
patient extensive oedema than not to give them.
As to the reason for this syndrome, it is of some
interest to know why there is this real association
between this acute toxic picture and haemorrhages
in the adrenal. I wonder whether Professor Dible
knows of any evidence that, meningococci ag-
gregate in the adrenal and whether the toxins do
the same. It should be fairly easy to determine
this point on cases like this by taking weighed
samples of the adrenal and other parts of the body
and seeing what could be grown from them.
Similarly, did the adrenal show evidence of com-
plete exhaustion of lipoid material?

PROF. DIBLE: Yes, there was practically no
lipoid in the adrenal cortex. A good deal of
neutral fat, at any rate as judged by its staining
reactions, was present in the haemorrhagic areas,
and this one tends to believe may have been pro-
duced by the breakdown of cells containing lipoid
which had been set free as they became necrotic.
With regard to the question of specific localiza-
tion of meningococci to the adrenal, I do not know
anything about that at all. Of course, the adrenal
at that particular age is in a state of morphological
flux, the primitive part is being replaced by the
permanent part and that may perhaps make it an
organ more liable to degenerate than an adrenal of
an older subject.

DR. LENNOX: That would not really apply very
much to the average case then, would it? That
process is practically over in the first four months
of life and this particular case is, as Dr. Garrow
said, a very unusual one to find so early in life.

PROF. DIBLE: Is it not always a disease of early
life, this syndrome?

DR. FRASER: Yes, early up to the age, say, of
13.
DR. CROFTON: You mean this particular type?
DR. FRASER: So-called Waterhouse-Friderich-

sen syndrome.
DR. CROFTON: Meningococcal infection in

general is commoner in young adults, though.
DR. FRASER: Yes, I think that is true.
DR. CROFTON: But is it perhaps the toxin which

localizes in the adrenal, not the organisms them-
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selves? The diphtheria toxin I think is liable to
produce adrenal haemorrhages in experimental
animals. Do you know, Dr. Haynes?
DR. HAYNES: Well, I do not know whether the

toxin has any specific effect on the adrenals, but
from the post-mortem picture described by
Professor Dible I gathered there was rather a
generalized effect on capillaries producing all those
extensive petechial haemorrhages more or less
throughout the body. The adrenal gland, I under-
stand, is highly vascular and it is a small gland,
and a small amount of damage by capillary leakage
with haemorrhage is more likely to do irreparable
damage there than elsewhere. I do not see any
reason to think it is a specific toxic action on the
adrenal in particular, in view of the widespread
haemorrhagic picture.

DR. COPE: That was why I suggested we
should not invoke the haemorrhage in the adrenal
in any discussion as to what the adrenal was doing.
It appears to be part of a general manifestation of
the septicaemia itself, and any change in the
adrenal function is more than likely to be due to
the general fulminating toxaemia, comparable to
all other fulminating toxaemias.

DR. FRASER: In fact, you do not always get
adrenal haemorrhage when you get Waterhouse-
Friderichsen syndrome.

PROF. MCMICHAEL: Could I just add to that
the question as to what proportion of cases of
Waterhouse-Friderichsen syndrome-if we may
still retain the title, after all it does describe this
syndrome of (usually) very rapid death, with
purpura and bleeding and haemorrhages into the
adrenal-are due to meningococcal septicaemia
nowadays? Are there some cases where that
etiology is unproven?
DR. CROFTON: On the last point there are

several cases recorded due to other things;
pneumococci certainly, I think Bact. coli-I
cannot remember any others, but there are cer-
tainly those two groups which have been described
with suprarenal haemorrhages and meningitis.

DR. HAYES: I would like to add to Dr. Crofton's
list of organisms which may produce adrenal
damage by including H. influenzae. This or-
ganism has a capsule, in the same way as the
pneumococcus has, and this capsule is highly
soluble and seems to have a more or less specific
action on the adrenal gland. I have often wondered
whether the low chlorides in the C.S.F. which are
so characteristic of H. influenzae meningitis were
due to specific adrenal damage in the absence of a

clinically recognizable Waterhouse-Friderichsen
effect.
DR. FRASER: In spite of what Dr. Crofton

and Dr. Hayes have said, the syndrome is a

phenomenon almost specific to the meningococcus,

far in excess of any other bacterium, which does
itself suggest that there is something of a specific
relationship.

DR. LENNoX: While we are on the subject of
other causes for the syndrome, may I put on
record a small personal series of I2 cases in
prisoners-of-war in Singapore in the middle of an
epidemic of Flexner Y dysentery, all in adults.

DR. PATERSON: I have also seen Waterhouse-
Friderichsen syndrome in algid malaria. The main
difference between the benign tertian malaria and
malignant tertian malaria is that in the latter the
schizogony cycle occurs in the capillaries in an
internal organ, sb that you get many manifesta-
tions of malignant malaria depending on which
organ has the most parasites. It does happen in
the suprarenals producing the functional change of
the syndrome, but there is no haemorrhage into
the gland.

DR. HAYES: I would like to make some com-
ments on this case as a bacteriologist. First of all,
as regards other diseases caused by m eningococci,
it has been said that meningococcal meningitis is
the least common manifestation of meningococcal
infection, and I myself have seen two cases of
follicular tonsillitis from which a pure culture of
meningococci was isolated. One of these was
quite recently in this hospital, from one of the
housemen.
With regard to Dr. Garrow's original question

about the eye condition, so far as I know there is
no evidence that the gram-negative diplococci in
the eye were meningococci at all. So far as I
know they were not cultured and I think we must
eliminate from consideration this question of an
eye infection.
As regards treatment, one of the peculiarities of

meningococci so far as animal toxicity is concerned
is that there is very little, if any, difference be-
tween the lethal dose of killed and living meningo-
cocci-they seem to exercise their effect by virtue
of an endotoxin. In an overwhelming infection
such as this in which the meningococci are already
distributed throughout the body in large numbers
on admission, I doubt very much, even if you
killed them all by treatment with penicillin or
other antibiotics, whether it would have affected
the outcome of the infection. I regret that the
Bacteriology Department did not actually do a
penicillin sensitivity test on this particular strain,
but Dr. Crofton will agree with me, I do not think
any meningococcal infection has been found to be
resistant to penicillin.
There is one point I might mention in connec-

tion with the serological group of this particular
strain. It belongs to Group 2; there are two main
antigenic groups of meningococci, Groups I and
2. Group i, for some reason which is not known
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is associated with epidemics of infection, and
Group 2 usually with sporadic cases. As to the
ecology of these two types in relation to the
human infection, I am afraid I know nothing.

DR. COPE: What is the present position about
antitoxin?

DR. CROFTON: There was a trial, or survey,
carried out in England and Scotland in the
epidemic in I940. The mortality in cases treated
with serum plus sulphonamides was compared
with that for sulphonamides alone and serum
alone, and it was found that sulphonamides alone
were very much better, giving a lower mortality,
than when serum was used in addition. I do not
know why.

DR. HAYES: It might be a matter of localiza-
tion-due to the production by the antiserum of
pockets of infection inaccessible to the sul-
phonamides.

DR. CROFTON: I do not know, but the figures
were very-much better with sulphonamides alone.
They included all sorts of cases. It might be that
in an acute case serum is justified.

DR. HARRISON: Two points I think should be
made. One is that the combination of the ful-
minating septicaemia with an overt, recognizable
meningitis is most unusual, and that the vast
majority of cases die with no visible meningitis.
That has been my experience; this is the first case
of this syndrome I have ever seen with an obvious
meningitis; they have all died too early.

DR. FRASER: Are you sure of that? If you re-
gard neck rigidity as evidence of the presence of
meningitis, I wpuld say that it is quite common.

DR. HARRISON: I mean, of course, meningitis
recognizable with the naked eye in the post-
mortem room and with polymorphs in the C.S.F.
Another little point, if you puncture the petechiae
in the skin and make a thick blood film from the
smear you can almost invariably see the meningo-
cocci with gram stain. It only takes about two to
three minutes. I have never yet failed to bring
this off in the post-mortem room, but I have never
had an opportunity of trying it on the living!

DR. GARROW: Several points have arisen in
the discussion to which I would like to add. Cases
have been reported which recovered; one of these
later showed calcification of the adrenals on
X-ray. The condition is not confined to children
and young adults; one of Bank and McCartney's
cases for instance was a lady of 76 years. From
the point of view of treatment with glucose, I
know of one case investigated in that respect in
which there was no hypoglycaemia. And, finally,
the literature yields a vast list of organisms which
have been blamed, apart from the meningococcus
-pneumococci, staphylococci, haemolytic strepto-
cocci, Pfeiffer's bacilli, Haemophilus influenzae,
Neisseria flavi, Clostridium welchii and B. coli.
Perhaps in view of what Dr. Lennox and Dr.
Paterson have said we should add the dysentery
bacillus and the malarial parasite to that list.

(continuedfrom page 326)

Referring to pharmacy in its narrower aspect,
he said that the whole world of pharmacy, as seen
at the exhibition, was passing away. 'Penicillin,
which is naturally of particular interest to me, is
now packaged in elegant bottles and processed
entirely by machine. Hormones are delivered
beautifully packaged. In the future, pharmacy
as illustrated in this exhibition will be a thing of
the past.'

Dr. E. Ashworth Underwood, Director of the
Wellcome Historical Medical Museum, said that
in presenting the exhibition they had interpreted
the word pharmacy in liberal terms and conse-
quently a number of exhibits would be seen which
were connected with other sciences and with
other arts. He did not wish it to be thought,
however, that the exhibition dealt only with the
artistic point of view. Within the limited space
available they had tried to put the great classics
which had influenced therapeutics. A tremen-

dous amount of work was involved in the docu-
mentation and preparation of an exhibition and he
wished to pay tribute to the work of his colleagues
of the Wellcome Historical Medical Museum.

Sir Howard Florey had been introduced by Mr.
H. E. Sier, chairman of the Wellcome Foundation
Ltd., who said that he was ' a very distinguished
worker in experimental pathology, and a man to
whose intuition and drive the world owes the
development of Sir Alexander Fleming's great
discovery, penicillin, the first antibiotic.'
The thanks of the Wellcome Foundation Ltd.

were extended to Sir Howard Florey and Dr.
Underwood by Dr. Charles Kellaway, Director-
in-Chief of Research of the Wellcome Foundation
Ltd. The guests included well-known historians
and distinguished members of the medical,
veterinary, pharmaceutical and dental professions.
The exhibition will be open to the public

throughout the period of the Festival of Britain.
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