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A SURVEY OF MENINGITIS IN CHILDREN AND
RECOMMENDED TREATMENT

Introduction

An introduction to meningitis was given to the author
while on pediatric service. The patient was a four year old girl,
who had up to that time been in the hospital for approximately two
hundred and ten days with a diagnosis of tuberculous memingitise.
Even thowgh the patient had been hospitalized for such a great
length of time and was constantly being treated, she still suffer-
ed remissions and exacerbations. This situation posed several
questionsi Is the duration of the disease in this child unusual as
compared to a comparable case? What is the best treatment for a
case such as this? If one form of therapy fails, are there other
therapeutic measures which may be used? What is the prognosis in
this type of meningitis? How do other meningeal infections compare
to this in incidence, hospital time, and therapy?

To answer these questions, it was thought best to review
a series of cases from hospitals in this area. Therefore, the
charts of all meningitis cases on file up to December, 1952 at
Childrens Memorial Hospital and those from April, 1947 to December,
1952 at University Hospital were reviewed. The charts furnished
information as to incidence, symptoms, hospital stay, dlagnosis,
and treatment but since both hospitals are staffed by about the
same doctors, therapy was varied but little. To achieve an alter-

nate therapeutic regime, a short review of the literature was made
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and the findings were encouraging since there were at least two

therapeutie courses for almost each type of meningitis.

It is hoped that the following report will give the reader
a better view of meningitis as it is today and will enable him to
give a better prognosis to the patient through better diagmosis and
treatment.

Incidence

In this survey, sixty-four cases were reviewed and after
a break down of all the cases into types it was seen that 26.5 per
cent were meningococcal; 20.3 per cent were unknown types; 15.6 per
cent were tuberculous; influenzal, pneumocogcal, and streptococcal
each made up 9.0 per cent of the total and the rest were 3.0 per
cent or under. Graph number 1 compares the number for each type.

No recent literature could be found that compared the ine
cidence of the various types of meningitis but an article written
last year discussing the incidence of meningococcal meningitis was
reviewed1 and since meningococcal meningitis is the major type in
this series, it is believed that a correlation can be made between
the two.

Since the advent and widespread use of antibiotics, it
would be a natural supposition that the incidence of meningitis is
less today than five years ago but this is not the case. As can
be seen from Graph number 3, it is increasing, as determined by this
survey. It must be explained that enly the years 1949, 1950, and

1951 are accurate in showing the incidence in this survey because
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only one case in the last month of 1947 was reviewed, Childrens
Memorial Hospital did not open wntil around September, 1948 there-
fore, the cases reviewed in this year were not complete and all of
the cases for 1952 had not been filed at the time this survey was
made so the cases for this year are not complete. Nevertheless, a
definite increase in menihgitis can be seen from the years 1949,
1950, and 1951.

It has been reported that the incidence and mortality of
meningococcal meningitis has been slowly rising after a five year
decline from the 1943-hl epidemic.; IXn this series there has not
been an increase in the number of cases of meningococcal meningitis
each year but there has been an increase in the number of all men=
ingitis cases.

It has long been recognized that meningitis spreads most
rapidly, as do other diseases, at times and places of population con-
gestion, where contact rates are high. This may be one explana~-
tion for the increase since, of the four epidemic crests in the
United States, two came during war periods (1918 and 1942-43) and
two came during periods of relatively high industrial activity dur-
ing peace time (1929 and 1935-~36) “ The reported case rate for in-
fants is four or more times higher than for sc¢hool children and
adults and since the birth rate has increased there is an unusually

heavy inflow of susceptible persons into the population therefore
an increase may also be explained in this way.

It is believed by Hedrichl that the present rise in the
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number of cases of meningitis will lead into an epidemic. One
reason being that in the past when an epidemic wave started upward
it tended to continue to an appreciable epidemic peak. Another
reason being that inter-epidemic intervals have averaged about 8
years and it has been approximately 10 years since the

peak in 19L3.

With the facts that the ineidence of meningitis are on the
increase and the possitility that there may be an epidemic in the
offing, we must not only he able to diagnose early and treat ade-
quately but also know the seasonal cycle for each type of meningitis.
In this series, taking all cases as a whole, the greatest number of
cases occur in May, June and July then there is a sharp decline in
August and a gradual rise through November. This may be seen from
Graph number 2. The sharp fall in December can not be accounted
for but with the high number of cases in both November and Janunary
it seems that the cases reported for December are in error.

The seasonal cycle will not be the same in all parts of
the country since, as Hedrich reporteds *meningococcal infections
show a seasonal cycle in which, from the low in about September to
the high point in early Spring, cases are multiplied on the average
by four.® In this series, meningococcal meningitis was most pre-
valent in late spring and early summer. Tuberculous meningitis had
its highest incidence in late winter and spring while influenzal
meningitis occurred mainly in late summer and fall, streptococcal

meningitis occurring mainly in late fall and winter and pneumococcal
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meningitis in late spring and late fall.

With the spread of meningeal infection throughout all
seasons we must constantly be watchful for the first sign or symptom
of meningeal irritation at all times rather than at any particular
season.

Preceding Illness

It is believed by some that most cases of meningitis are
preceded by some illness. For example, it is stated that there are
three clinical stages of meningocouccal meningitis, these being:
nasopharyngeal infection, which is normally asymptomatic and ex-
tremely difficult to detect; invasion of the blood stream (sep-
ticemia); and meningitis.l In the present series, less than 50 per
cent of the meningitis cases, taken as a whole, were preceded by an
ililness, as far as the recorded history is concerned. To account
for the fact that there were so few reported ill before the menin-
gitis showed itself elinically, it might be suspected that the pre-
ceding illness was so slight that either the patient did not report
it to the doctor or the parents considered the illness so slight
that they did not report it to the doctor during the history taking.

As can be seen from Chart number 1 the most common pre-
ceding illness for this series is the common upper respiratory infec-
tion. This includes all phases from a rhinitis te a pharyngitis and
slight cough. The next most common illness occurring before the
signs of meningitis appeared is pneumonia.

It will be noticed that the last illness listed is quite’
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debilitatirg and therefore predispose the patient to other ills.
The upper respiratory infections probably cause their damage by
seeding the system with organisms through

to the meninges.

The question might arise that it would be impossible to
do a spinal tap on all patients who come in with an upper respira-
tory infection therefore how can it be determined if the infection
will go into meningitis? Lepperz states that the first invariable
rule should be to examine every patient with an infection for signs
of meningitis. "If the neck is stiff on flexion or the Kernig's
sign is positive, a lumbar punc¢ture should be performed.
rigidity is absent and Kernig's sign negative, it is wnlikely that
meningitis is present, except in infants. In this particular group
the physician should be alert to obtain spinal fluid if the font-
anelles are bulging or there is a low weak cry."

Therefore, it can be well understood, from both the liter-
ature and this series that the preceding illness is a red flag which
can be passed By with just a shot of penieillin or qualified by an
examination for meningeal irritation and even when there is no sign
of meningeal irritation at the first examination, meningitis is
not ruled out.

Major Symptoms First Seen

It was stated above that in a report by Leppera it is ad-
vised that every person who has an infection be checked for neck

stiffness and the Kernig sign to determine if meningitis is present.
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If both are absent, meningitis is unlikely. This series does not
bear out his statement since only 15.6 per cent of all cases had
neck stiffness when first seen. The number of cases with positive
Kernig!s signs is not known but from the number with back stiffness
and leg stiffness it is estimated that the Kerrmig sign would be
positive in about 7.8 per cent of the cases.

In referring to Chart number 2, the five findings first
seen in this series were vomiting, fever, headache, lethargy, and
irritability. Of these vomiting, not necessarily projectile in
nature, and an elevation of temperature each have an incidence of
6L4.0 per cent of all the cases. This does not help clarify the
diagnosies of meningttis in itself since most children with upper
respiratory infections serious enough to see the doctor will have
a fever and a significant number will have womiting but these
symptoms combined with lethargy é&nd irritabiTity could point to the
diagnosis of influenzal or streptococcal meningitis or combined with
irritability and a rash the disease could be menirgococcal menin-
gitis or combined with irritability, anorexia, and convulsions the
diagnosis could be tuberculous meningitis. The point being made
here is that the diagrosis of meningitis, or for that matter any
other disease entity, should not be made only on the basis of two
tests and if these tests are negative to minimize the possibility
of meningitis to the point of neglect. As can be seen from Chart
number 2, there are many possible combinations of symptoms which may

fit into the diagnosis of meningitis and this is the fact that
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should be remembered rather than trying to remember all of the
possible symptoms or using only one or two tests for either prov-
ing or disproving the diagnosis.

Positive Physieal Findings

After the patient has became sick and develops symptoms
alarming enough to have the attention of a physician, certain
phyeical findings will be present which may or may not be character-
istic of the disease. As the disease progresses the physical find-
ings will be more and more characteristie and diagnosis is more
readily made. If one would attempt to make a diagnosis based on the
first symptoms seen and the positive physical findings at that time
it would not seem feasible if the patient were examined very shortly
after the initial symptoms were seen because physical findings sug-
gestive of meningitis usually are not present early. In this series
the time between the appearance of initial symptoms and the time
when a physical examination was done ranged from a few haurs to two
or three weeks. This fact may explain the ingbility to correlate
the initial symptoms with pesitive physical findi ngs.

Under the last topic, Lepper'!s advise was refuted when he
suggested to not consider meningitis if there was neither neck stiff-
ness or a positive Kemig since the impression was givern that these
were early findings and in this series it was shown that neither ap~
peared early, but as can be seen from Chart rumber 3, 59 per cent
of all cases reviewed had neck rigidity on physieal examination and

this is second to the most prominent physical finding in this
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series. Nevertheless, it is again reiterated that this finding
occurs later in the course of the disease and may be absent on the
first examinatimn. A positive Kernig was found on only 23.L per
cent of all patients at the physical so this is even a less reli-
able test for ruling meningitis in or out.

It will be noticed from the chart that an increased
temperature is first in incidence, occurring in 80.0 per cent
of all cases reviewed and an inflamed pharymx is the third most:
prominent physical finding, occurring in 50 per cent of the cases.

Several of the physical findings and symptoms can be
correlated so that a better understanding of the over-all picture
may be had. For example, the infection itself will produce an ine
crease in temperature but when there is vomiting for any length of
time dehydration will develop and this will cause a higher temper-
ature. Also with a nasal discharge there will also probably be a
postnasal drip which may be the cause of the pharyngeal inflarmation
and the pharynx may have been the site from which the organisms enter-
ed the blood stream.

From this correlation it can be seen that therapy depends
a great deal on what is found in the history and phyeical examina-
tion but the laboratory findings too are important not.only to ar-
rive at a diagnosia but also as an aid in determining the type of
therapy and the duration of therapy.

Chart number kL, except for the segmented leukocytes in

blood, gives only abnormal laboratory findings for each type of
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meningitis and from these many interesting things may be observed.
It may be noticed that 0.6 per cent of all cases had a low red
cell count and that 67.1 per cent had a low hemoglobin. This may
well be a nutritional anemia which probably developed from the
onset of the illness due to the infection and anorexia. WNext, of
all cases, 87.5 per cent had an increased white cell count in the
blood and the majority of these had predominence in the number of
segmented forms while a small number had a normal differential.
Those cases with an increase in lymphocytes consisted of only a
small percentage of all cases.

An abnormal urinalysis was found in 31.2 per cent of the
cases with the largest number occurring in meningococcal meningitis.
The almormalities consisted mainly of albumin and acetone which
could probably be explained on the basis of dehydration and star-
vation but occasionally white cells and red cells would be found
in the urine in significant numbers which denoted some renal
irritation possibly due to the septicemia.

It is usually considered true that when a person shows
signs of meningeal irritation amd the spinal fluid is clear with
few cells, the illness is caused by a virus. In this series, 56.2
percent of the cases had cloudy spinal fluid but, and this is the
important fact, 25 per cent had clear fluid and 18.7 per cent showed
a hundred white cells or less in the spinal flwid which would be
consistent with a viral disease such as poliomyelitis. There were

two cases with bloody fluidy; which may have been due to faulty
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technique in drawing the fluid, and there were three cases with
xanthochromic fluid.

Four cases had fluid which clotted. The formation of a
ciot or web on standing denotes increase in fibrinegen which is
usually accompanied by other proteins. This occurs in some in-~
fectious diseases, especially tuberculous meningitis according
to the liderature but in this series, out of 10 cases of tuber-
culous meningitis only one had spinal fluid which clotted. There
were three other cases, streptococcal, meningococcal, and E. coli,
which showed a clotted fluid.

The majority of cases, 62.5 per cent, had spinal fluid
in which polymorphonuclear leukocytes were the most predominent
cell. In 28.1 per cent of the cases mononuclear leukocytes were the
predominent cell and of these 55.5 per cent occurred in tubercu-
lous meningitis. Since an increase in monocytes as well as a low
cell count occurs in most virus infections, to make a diagnosis in
a questionable case from these laboratory findings alone would
offer the possibility of a gross error as can be seen from Chart
number L.

As was noted above, 18.7 per cent of all cases showed
100 cells or below in the spinal fluid, 23.l per cent had 1000
white cells or under, 35.9 per cent had 10,000 white cells or
under, and 23.h4 per cent had over 10,000 white cells in the spinal
fluid.

It is believed that the number of cases with a spinal



fluid pressure above 200 mm. of water shown on chart number L is
not an all inclusive eount and therefore will not be considered but
is included on the chart for the sake of completeness.

It was found that spinal fluid sugar was below 50 per cent
in 60.9 per cent of the cases and protein was above LO mg. per cent
in 6l.0 per cent of the cases which is quite consistent with bacter-
ial infections of the meninges. The chlorides were below 720 mg.
per cent in only 20.3 per cent of the cases but this low figure is
due to the fact that a spinal fluid chloride determination was not
run on every case. It is believed that a chloride determination is
a good diagnostic point in the differentiation of encephalitis,
poliomyelitis, or neurosyphilis from acute tuberculous meningitis,
which they may clinically resemble. These conditions, unlike
meningitis, show normal chlorides.

The demonstration of specific organisms on smear or in
culture is the means of establishing diagrosis. As can be seen from
Chart mumber lj, the smear and culture are not positive in every case
and sometimes the culture is positive when the smear is negative.

It was noted in reviewing the charts that many times both the smear
and culture were negative the first or second time a lumbar puncture
was done but possibly the third time one or the other, or both, would
be positive.

It is shown that from the correlation of the above discus-
sion and from chart number lj, the laboratory studies are recognized

as being very valuable adjuncts not only in diagnosing meningitis
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muscularly but the antibiotic was not administered intr'athecally.3

To fix any set rule for doing a subdural puncture may
bring positive findings in same cases but it is known that some
infants who show evidence of widespread damage early in the course
of their infection show no subdural fluid, yet they remain defective
children.

Evaluation of the subdural puncture can not be made at
this early date but it was listed here as another method of treat-
ment that may be contemplated when some of the above symptoms arise.

The following are the treatments of choice for the various
types of meningitides as given by two investigators. The first
in each group is the treatment of choice by this author based on
this survey and the literature. Supportive therapy will not be
given here since it will vary with the particular case and dosages
will not be given since that is beyond the scope of this paper.

Treatment of Staphylococcal meningitis:

l. Penicillin, intramuscularly and intrathecally
and aureamycin, orally.3

2. Penieillin, irtramuscularly and intrathecally
and bacitracin, intramuscularly and irtrathecally
or streptomycin, intramuscularly.z

Treatment of unknown types of meningitis:

1. If patient is under 10 vears treat the same as
for influenzal meningitis and if over 10 years treat

the same as















cranial pressure and pulmonary aielectasis.

Sumnary and Conclusions

It was shown by this survey that the majority of cases in
this area were meningococcal meningitis with unknown types being
second most common and tuberculous meningitis third in incidence.

Even thowgh we have the antihiotics and other drugs which
should help us to combat meningitis, there is an increase in the in-
cidence for the year 1949, 1950, and 1951. The mumber for 1952 was
not used since all were not recorded at the time this survey was
made. The increase noted in the three years listed above is condis-
tent with an increase over the ¢ountry which may develop into an
epidemic.

The seasonal c¢ycle for meningitis in this series shows
peak during the months of May, June and July with a drop in August
arnd a gradual rise to another peak in November ard January. The
significant drop in December can not be accounted for.

When a preceding illne®s was noted it is interesting to
note the large number who had an upper respiratory infection but it
is Jjust as interesting to note the number who presumably had no pre-
ceding illness. It 1is possible that the illness was so slight as
to pass un-noticed.

The five symptoms first seen most often in this series were
vomiting, fever, headache, lethargy, and irritability. The first
three of these are not diagnostit of meningitis unless the vomit-

ing is projectile in nature and in this series only three cases re-
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more effective will be the treatment.

In order to give the correct treatment, the etiological
agent must be determined as well as the antibiotic whiech will most
inhibtit or kill the organism. The smear and the culture are the
important factors here. It must be remembered, though, one or the
other may be negative, therefore both must be carried out in order
to give the patient the full benefit of our facilities.

After the diagnosis, etiology, and antibiotic~organism
sensitivity studies are established, the treatment is then initi-
ateds From this survey and a review of the literature it is firmly
believed that in all cases two antibiotics should be used, as de-
termined from sensitivity tests, and the dosage should be safe but
yet massive to prevent the development of a resistant strain and to
insure early maximum therapeutic effect and the minimum sequelae.
Also, with massive doses, more of the drug will diffuse into the
spinal fluid but in certain cases where the organism is extremely
sensitive to the drug and it is feasible to use the drug intra-
thecally, this method of administration should be used.

The supportive therapy should not be neglected bscause as
the general physical status of the patient is improved the better
will the body's defenses be to help in combating the disease.

Therefore, to decrease the mortality rate, first diagnose,
then determine the etiology, and then treat using the correct drugs,
as determined by semsitivity studies, the proper amount and the most

advisable
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