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A SURVEY OF MmlN GITIS IN CHILDREN AND 
REC()?,lMENDED TREATMENT 

Introductim 

An introductioo 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 w1 th a diagnosis of tuberculous meni.ngi. tis. 

Even though the patient had been hospitalized for such a great 

length of time and was constantly being treated., she still suffer

ed remissions and exacerbatio�s. This situation posed several 

questions: Is the duration of the- disease in this child \DlUsual 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? Ho.w do other meningeal infections compare 

to this in incidence, hospital time, and therapy? 

To answer t�eee 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., diagnosis, 

and treatment rut 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 

therapeutic 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 diagnosis 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.S per 

cent were meningococcal; 20.J per cent were unknown types; 15.6 per 

cent were tuberculous; intluenzal, pneumocoacal, and streptococcal 

each made up 9.0 per cent of the total and the rest were J.0 pe� 

cent or under. Graph number 1 compares the number for each type. 

No recent literature could be found that compared the in• 

eidence of the various types of meningitis but an art.iele written 

last year discussing the incidence of meningococcal meningitis was

reviette4i and since meningococcal 111eningitis is the major type in 

this ser.l.es, 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 aupposition that the incidence of meningitis is 

less today than five years ago bit this is not the case. As can 

be seen from Graph number 3, it is increasing, as determined by this 

survey. It must be $Xplained that only the years 1949, 1950, and 

195-1 are accurate in sho'Wi.ng the incidence in this survey because 





oo.ly one case in the last month of 1947 was reviewed,. Childrens 

Memorial Hospital did not open until 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 

de.finite increase in meningitis can be seen from the years 1949, 

19,0, and 19$1. 

It•has been reported that the incidence and mortality of 

meningococcal meningitis has been slowly rising after a five year 

decline from the 1943-h4 epidemic •1 In 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 expllDa.-

tim 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 hi gh industrial acti v.i ty dur

ing peace time (1929 and 1935-36).
1 

The reported case rate for in

fants is four or more times higher than for school children and 

adults and since the birth rate has increased there is an unusually 

heavy in.flow of susceptible persms into the population therefore 

an increase may also be explained in this way. 

It is believed by Hedrieh1 that the present rise in the
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number of cases of meningitis will lead into an epidemic. Cne 

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 a bout 8 

years and it has been approximately 10 years since the 

peak in 1943. 

With the facts that the. incidence of meningitis are on the 

increase and th e possibility that there may be an epide:mi..c in the 

offing, we must no-_t only be able to «ti..agnose 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 

A:ugust 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 January 

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 reporte<½_ 1tmeningocoocal infections 

show a seasonal cycle in mich, 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 swnmer 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 �he first sign o� symptom 

of meningeal irri. tatian at all times rather than at any particular 

season. 

Preceding Illness 

It is believed by some that most cases of meningi. tis are 

preceded by some illness. For example, it is stated that there are 

three clinical stages of meningoeoceal meningitis, these being: 

nasopharyngeal infection, which is nonnally asymptomatic and ex

tremely difficult to detect; invasion of the blood stream (seP

tieemia}; and meningi tis.1 In the present series, less than 50 per

cent of the meningitis cases, taken as a whole, were preceded by an 

illness, as far as the recorded history is concerned. To account 

for the fact that there were so few reported ill before the menin

gi. tis showed itself olinica�ly, 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 nwnber 1 the most common pre

ceding illness for this series is the comon upper respiratory infec

tioo. This includes all phases from a rhinitis to a pharyngitis and 

slight cough. The next most conunon illness occurring before the 

signs of meningitis appeared is pneUJ11onia. 

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 b;y 

seeding the s,.-stem 'With organisms through 

to the meninges. 

The question might atise 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 meningi. tis? Lepper2 states that the first invariable

rule should be to examine every i:etient 'With an infection for signs 

of meningit�s. "If the neck is stiff on .flexion or the Kernig 1s 

sign is positive., a lUlllbar puncture should be performed. 

rigidity is absent and Kernig 1 s sign negative ., i t  is unlikely 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., i t  can be well understood, from both the liter

ature and this series that the preceding illness is a rep. flag which 

can be passed l;y' with just a shot of penicillin or qualified by an 

examinatim for meninge�l i!'ri. tation a'rd 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 Kemig sign to determine if meningitis i's 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 

Kern:i.g' s signs is not known but from the number with back stiffness 

and leg stiffness it is estimated that the Kerni.g 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 vom:i. ting, fever, headache, lethargy, and 

irritability. Of these vomiting, not necessarily projectile in 

nature, and an elevation of temperature each have an incidence of 

64.0 per cent of all the cases. This does not help clarify the 

diagnosis of meningitis 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 :vomiting but these 

symptoms combined with lethargy and irri ta bin. ty could point to the 

diagnosis of influenzal or streptococcal meningitis or combined with 

irritability and a rash the disease could be meningoooccal menin

gitis or combined with irritability-, anorexia, and convulsions the 

diagnosis could be tuberculous meningitis. The point being made 

here is that the diagr.osis 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 niini.m:i.ze 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 ITBY 

fit into the diagnosis of meningitis and this is the fact that 
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Chart No. 21 The aboTe chart givee the major symptoms of the patient when first seen for each type of 

meningitia. The number in parenthesis after each type of meningitis is the number of cases 
of that particular type of meningitis reTiewed in this aurvey. 
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should be remembered rather than trying to remembe r all or the 

possible symptoms or using only one or two tests for either prov

ing or disproving the diagnosis. 

Positive Physical Findings

After the patient has becCllle sick and develops symptoms 

alarming enough to have the attention of a physician,'certain 

physical findinps 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 characteristic and diagnosis is more 

:readily made. If one would attempt to make a diagnosi,s based on the 

first symptoms seen and the positive ph7Sical findings at that time 

it would not seem feasible if the patient were examined very shortly 

after t he 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 fran a few hours to two 

or three weeks. This fact may explain the i:nability to correlate 

the initial symptoms w1 th positive physical fin dip.gs. 

Under the last topic, Lepper•s advise was refuted when he 

suggested to not consider meningitis if there was neither neck stif.f

ness or a positive Kernig since the impression was given that these 

were early findings and in this series it. was shown that neither ap

peared early, but as can be seen fr'om Chart munber 3, 59 per cent 

of all cases reviewed had neck rigidity on physi�al 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 examinatim. A positive Kernig was found on only 23.4 per 

cent of all patients at the physioal so this is even a lea's 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 i n  80.0 per cent 

of all cases reviewed and an i nflamed pharynx 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 bad. For example, the infection itself will produce an in• 

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 

post.nasal drip which may be t he cause of the pharyngeal inflammation 

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 physical examina

tion but the laboratory findings too are important not. only to ar

rive at a diagnosis but also as an aid in detemining the type of 

therapy and the duration of therapy. 

Chart number 4, except for the segmented leukocytes in 

blood1 g1 ves only abnonnal 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 40.6 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. Next� 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 abnonnal urinalysis was found in 31.2 per cent of the 

cases with the largest number occurring in meningocoecal meningitis. 

The al:normalities consisted mainly of albumin and acetone whic)J. 

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 arrl the spinal flui_d is clear w.i. th 

few cells, the illness is caused by- a virus. In this series, 56.2 

percent or the cases had cloudy spinal fluid but, and this is the 

important fact, 2$ per cent had clear fluid and 18.7 per cent showed 

a hundred white cells or less in the spinal fluid which would be 

consistent with a viral disease such as poliomyel itis. There were 

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

xanthochromie fluid. 

Four cases had fluid which clotted. The formation of a 

clot or web on standing denotes increase in fibrinogen which is 

usually accompanied by other proteins. This occurs in some in

fectious diseases., especially tuberculous meningitis according 

to the literature 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., meningoeoccal., 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 predomi.nent 

cell. In 28.1 per cent of the cases mononuclear leukocytes were the 

predomi.nent 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 irifections, 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 4. 

As was noted above ., 18.7 per cent of all cases showed 

100 cells or below in the spinal fiuid.1 23.4 per cent had 1000 

white cells or tmder, 35.9 per cent had 10., 000 white calls or 

under, and 23.L. per cent had over 10
.,

000 white cells in the spinal 

flttid. 

It is believed that the number of cases with a spinal 
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fluid pressure above 200 mm. of water shown on chart number 4 is 

not an all inclusive count 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 Pr<?tein was above 40 mg. per cent 

in 64.0 per cerrt o.f 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 ehlorl.de determination was not 

run on every case. It is believed that a chloride detemination 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., sh ow nonnal chlorides. 

The demonstration of specific organisms on smear or in 

culture is the means of establisbipg diagnosis. As can be seen from 

Chart number 4, the smear and culture are not positiv•e in every case 

and sometimes the culture is positive vhen the smear is negative. 

It was noted in reviewing t he 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 arxi from chart number 4,. the laboratory studies al"e recognized 

as being very valuable adjuncts not only in diagnosi!]g meningitis 
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as a whole but also a·s the means of diagnosing the various types of 

meningitis. It also must be recognized that all cases will not give 

a textbook picture, which is important to remember. 

When First Treated After Initial Symptoms 
and 

Duration of Treatment and Illness 

On first thought, it may be supposed that the earlier the 

patient is first treated after the initial symptoms, the shorter 

will be the illness but, as was determined from this survey, that 

is not the case. The fact that so many variables enter into each 

case makes a correlation such as this almost impossible. 

To list a few of these variables, begin with the fact that 

some of the patients will be more undernourished and physically ex

hausted than others. Another fact is that a patient may have been 

treated early but treated improperly or inadequately. "A false 

start of treatment and the patient may be condemned to weeks of un

necessary injections. A false start and the disease may be suppress

ed enough to be masked but not eradicated11 • 2 Also, to be considered, 

the patient may have a coincident illness v~th the meningitis which 

will prolong treatment, illness, and hospital stay. 

After noting the above facts, it was determined that the 

only correlation that could be made would have to be on the basis 

of an average of the number of days when the patient was first 

treated after the initial symptoms; the duration of the treatment; 

the duration of the illness; and the total number of days from the 

onset of the illness to the dismissal from the hospital. Chart 
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number S shows a compari.sion of these averages and it is believed 

that only in this way do the figures offer any possibility of being 

of value. The chart's main use would be to give any interested 

person the approximate time that the patient may be hospitalized 

figuring from the day of onset of the illness. It must be re

membered, however, that even though these are average figures, the 

variations from them may be quite significant and that they be used 

accordingly. , 

Types of Treatment 

As can be readily understood, the type of treatment used 

in each case reviewed -would be so varied, as far as dosage and 

length of administration, it would be a study in itself to list each 

separately and it would also be confusing for the reader since many 

dosages vary but slightly. Therefore, under this heading, only the 

antibiotics and specific drugs used for a particular type of menin

gitis will be discussed. In another section in this paper, the 

recommended treatment for each type of meningitis will be presented. 

The judicial use of all drugs in meningitis, as well as 

any other disease, is very important and this fact can not be over

emphasized. To reiterate, "A false start of treatment and the 

patient may be condemned to weeks of unnecessary injections. 11
2 Not 

only the type of treatment is important but also the dosage should 

be regulated according to the ilJness and no set dosage should be 

given for all similar clinical entities. 11The doses which are suf

ficient for such infections (respiratory) do not penetrate the 
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blood-brain barrier in sufficient quantities to cure meningitis. 

The meningeal infection then spreads insidiously and when it becomes 

obvious that it is out of control, it is too late. 11
2 This is a 

very important point since approximately one-third of the cases 

studied had received antibiotics from two to fourteen days before 

the patient was sent to the hospital l-rl.th the possible diagnosis 

of meningitis. 

Another point that should be stressed is the fact that 

certain antibiotics have been shown to be greatly limited in their 

therapeutic efficacy by emergence of resistance of the strain during 

the course of the treatment in a number of infections when only one 

agent is used at a time.3 To prevent the emergence of resistant 

strains, two antibiotics should be used as determined by sensitivity 

tests and optimal doses must be used so that if the strain develops 

resistance to one type of therapy the other drug will be present in 

sufficient strength to eliminate the resistant strain. Here, some

one may ask about the antagonism of antibiotics. It seems that 

this is only 11an interesting laboratory phenomenon and proof of its 

therapeutic importance is lacking. "3. 

By ' referring to Chart number 6 it can be seen that in most 

cases penicillin and sulfadiazine were used in a synergistic manner 

and in tuberculous meningitis penicillin and streptomycin were used 

together. In the one case of lymphocytic choriomeningitis, aureo

mycin was probably used against the virus and penicillin to combat 

any secondary infection. The treatment of this case may be contrast-
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ed with the treatment sho,n for the case of staphylococcal menin

gitis and for that of the Salmonella infection. It appears from 

chart number 6 that a search was being made for the most effective 

drug through the trial and error method but in reality, in the 

staphylococcal infection, four of the drugs were given for a time 

before a report of sensitivity was made and then two drugs were 

used which were proven by the test to be most effective. In the 

Salmonella infection no sensitivity test was reported so no specific 

treatment was used, only a random sampling of several, giving the 

patient no help and the case ended with an autopsy. 

The case of infection with P.aeruginosa shows no specific 

type of treatment being used. This was due to the fact that the 

patient expired before any specific therapy could be started. 

supportive therapy is not discussed in length or given 

on any chart or graph in this paper but, nevertheless, a wise choice 

can materially shorten the hospital course by improving the physical 

and nutritional states so that the physiological defenses are able 

to work alone with the antibiotics. Of the drugs used in a sup

porting manner, aspirin heads the list, then vitamins and iron, 

with parenteral fluids next in frequency of use. This could be ex

pected since, it will be recalled, fever, anemia, and dehydration 

had a high incidence in the physical and laboratory findings. Whole 

blood was used in a few cases to combat severe anemia. Fifty per 

cent intravenous sucrose, desoxycorticosterone, and adrenal cortical 

extract were used rarely but they are very valuable when used 
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properly. 

Status of Patient on Dismissal 

The title of this section, when the paper was first being 

formulated, was "The Incidence of Cure with the Treatment Used" but 

this was changed to the present title when the implications of such 

a title were realized. In meningitis, as in any other illness, the 

cure does not solely depend on the treatment but also depends on 

the early recognition of the specific disease state, proper differ

entiation into etiologic groups, if possible, and the determination 

of the sensitivity of the isolated organism to the antibiotics be

fore treatment is started. 

Therefore, in order to use Chart number 7 so that it has 

any real significance, Chart number 5 should be observed to see 

when the patient was first treated; Chart number 6 shows how the 

patient, or the majority of patients, was treated; and then by 

correlating these two findings Chart number 7 has a definite meaning. 

It is a well known fact that even today with our present 

antibiotics, tuberculous meningitis has a high morbidity and mor

tality rate and this is also found true in the present series. It 

is seen from Chart number 7 that meningitis caused by both Salmonella 

and P. aeruginosa organisms have a hundred per cent mortality but 

it is believed that this fact is due to only a single case under , 

each group and that if there were a larger number of cases this mor

tality rate would fall rapidly. Streptococcal meningitis seems to 

have a high mortality rate but again this is probably due to too 
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few cases but even if the percentages 8re not accurate, t~e fig-

gures show that out of 64 cases of meningitis, 9 deaths occurred 

or a little over 14 per cent died. ''The reason that a significant 

numher are still dying from the various meningitis infections could 

be due to: (1) Failure of early clinical diagnosis of meningeal 

irritation. (2) Inadequate laboratory facilities for accurate and 

rapid identification of the etiologic agents. (3) Lack of the 

necessary discriwination in selection and use of therapeutic agents. 11
3 

Recommended Treatment 

The possible number of drues that could logically be used 

for treating meningeal infections is large but just to treat does 

not mean a cure. To list a few of the items which may be used for 

therapy in meningitis there are streptomycin, the sulfonamides, 

penicillin, terramycin, aureomycin, chloromycetin, Polymyxin B, 

streptokinase, Promizole, and several new types such as Neopenil 

and Isoniazid. Depending on the therapy and acceptable means of 

adninistration they may be given orally, intramuscularly, intra

venously, or intrathecally and the dosage may vary from a very min

imal amount of tremendous doses. 

vilien one considers the many types of therapy, the several 

means of administration, and the variations of dosage, the ability 

to choose the correct treatment seems like quite a task but our im

proved understandine of the principles poveminR the selection and 

dosage of agents for each etioloeic variety is primarily the result 

of investigations along two lines 11 (1) The SifZnificance, mechanism, 
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and prevertion of emergence of resistance of the infecting agent. 

(2) The character of the action of the antibacterial a?ents on 

sensitive bacteria and the manner in which this trait influences 

dosaP.:e and duration of treatment. 11
3 

The maintenance of desirable levels of penicillin is now 

easily accomplished by using procaine penicillin, which permits the 

slow absorption of the drug. An exception to this rule is meringitis 

caused by an organism for which penicillin is the most important 

single agent arrl then the concentration should be high and reached 

rapidly. Even when infection of the meninges is present, the trans

fer of enoufh penicillin to attain bactericidal concentrations in 

the spinal fluid can be accomplis~ed only by reaching high blood 

concentrations by means of enormous doses, intramuscularly or intra

venously. However adequate spinal fluid corcertratiors are rot 

reached for 8 to 12 hours after these doses are started, therefore, 

there are clear indications for one intrathecal dose at the same 

time that the other injections are being made . 3 
It is believed by sane that due to the development of new 

antibiotics and improved methods in using old ones, there is less 

need for intrathecal therapy, nevertheless, it was noted in the lit

erature that intrathecal therapy is still being advised in certain 

cases. 

Sulfonamides serve as important adjuncts to a number of 

antibiotics, especially sulfadiazine, and still hold first place 

in menirgococcal infections . There is no rationale for attempting 
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to obtain concentrations in the blood higher than 10 or 15 mg. per 

100 cc. when using this drug. It is also known that the drug 

diffuses well into the spinal fluid. The subcutar>eous route is 

best for administerinP. this drug. 3 

Aureomycin, chloromycetin, and terramycin have proved to 

be effective therapeutic agents against those organisms which are 

the most frequent causes of pyogenic menim:ri tis, however, only 

chloromycetin has been found in desirable concentrations ir. the 

spinal fluid.3 

In vitro Polymyxin B exerts the most rapid lethal action 

of all the agents against many organism in small concentratior>s but 

as yet clinical trials have not been sufficient to evaluate the drug 

completely.3 

PAS (para-aminosalicylic acid) shows high promise as a 

suitable additive agent in therapy of meningitis. A high spinal 

fluid level is attained by subcutaneous administration and there is 

little recovered fron the spir:al fluid after oral administration 

but oral administration is preferred by several authors. It was 

also found that PAS increased the survival rate, especially in pat

ients with miliary tuberculosis.4 

Since the mortality rate from tuberculous meningitis is 

so hip.h, much study, as well as much controversy, has centered around 

the treatment of this disease and out of it has come many therapeutic 

measures combined in many different ways because as yet there is no 

treatment of choice which 9ives the patient a good prognosis if 
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there is survival . 

There are many causes of failure in the trea t nent of tu

berculous meningitis but from the pathological aspect the most 

important is the development of obstruction in the cerebrospinal 

circulation . Pathological studies show t hat it is caused by de

position of fibrin and tuberculous granulation tissue, mostly 

around t he brain stem in the cisterna amhiens . Later the deposit 

organizes into fibrous tissue .5 

In the investigation undertaken by one proup strepto

kinase appeared to have no effect in reducing the number of blocks 

occurring during treatment .5 

In another group, streptokinase was combined with strepto

mycin intrathecally and streptomycin was also P.iven intramuscularly 

as the recommended treatment and over a ten month period, of 9 pat

ients so treated, 4 died and 3 have chances of surviving with cen

tral nervous system disturbances . 6 

In still another group streptomycin was used intranuscular

ly for 180 days, streptomycin intrathecally for 40 injections and 

Promizole uninterrupted for 3 years . Sixteen out of twenty- one 

patients survived hut a hi ph percentage of survivors had some de

gree of neuroloeical disability . , 

The above studies show that there is still much to be 

desired in therapeutic measures and trials are constantly being 

made to reduce mortality and i mprove the prognosis in tuberculous 

menineitis as well as the other meningitides . At the present time 
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central nervous system complications seem to jeopardize a favorable 

propnosi s. 

A study was made to test the efficacy of intrathecal strepto

mycin since it has been found that streptomycin is irritating to the 

meninges and causes thickenine of the leptomeringes. In this study 

it was found that streptomycin eiven intramuscularly appears in 

small quantities in the cerebrospinal fluid if the menirges are 

normal hut in larger quantities if the meninges are infected. Still 

in one series of 5 patients treated with only intramuscular strepto

mycin all 5 died and in another case of 6 patients treated in the 

same manner all 6 died.4 

Also, another study was made from a different point of 

view pertaining to central nervous system damage. Since it has 

been reported that there is a subdural fluid collection in 50 per 

cent of patients recovering from meningeal infections caused by a 

variety of pyogenic agents,_ one investigator adopted the policy 

of performing subdural punctures in patients with meningitis if 

there is: fever after 48 to 72 hours of treatnent, positive cerebro

spinal fluid culture after 48 hours of treatment, convulsions after 

apparent subsidence of infection , focal convulsions at anytime, 

vomiting after apparent subsidence of infection, any gross neuro

loeical abnormality during the immediate convalescent period, and 

an unsatisfactory course on the basis of clirical impression .3 

Subdural fluid collections were found most often, in one 

series, in patients who had been treated with streptomycin intra-
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111.uscularly but the antibiotic was not administered intratbecally.3

To fix any set rule for doing a subdural p\Uleture may 

bring positive findings in sane 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 def'ecti, ve 

children. 

Evaluation or 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 b7 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 b.eyobd the scope of this paper. 

Treatment of Staphylococcal meningitis: 

l.. Penicillin., intrall!Uscularly and intrathecally 

and aureo,mycin ., orally-. 3

2. .Penicillin, intramuscularly and intrathecally-

and baeitracin, intramuscularly and iritrathecally

or s�reptonrycih, intramuseularly-.2

Treatment 0£ unknown types of meningitis: 

1. If patient is lJllder 10 vears treat f.he same as ·  

for influenzal meningitis and ii' o,;v-er 10 years  treat 

the same as
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Treatment of Salmonella infection of the meninges: 

1. No specific treatment was given by either invest

igator but from this survey aureomycin, orally, 

penicillin, irtramuscularly and sulfadiazine, 

orally were given . 

Treatment of P. aeruginosa infectior: 

1. Polymyxin B, intramuscularly and intrathecally 

and streptomycin, intramuscularly and intra

thecally.3 

2. Polymyxin, intramuscularly and intrathecally. 2 

Treatment of pneumococcal meningitis: 

1. Penicillin, intramuscularly and intrathecally and 

sulfadiazine, subcutaneously and chloromycetin, 

intramuscularly or intravenously.3 

2. Penicillin, intramuscularly with or wi. thout strepto-

mycin . 2 

Treatnent of streptococcal meninei.tis: 

1. Same as for pneumococcal meningi.tis . 3 

2. Same as for pneumococcal meningitis.2 

Treatment of meningococcal meningitis: 

1. Penicillin, intramuscularly and sulfadiazine, sub

cutaneously and if patient shows signs of Water

house-Friderichsen syndrome', treat with cortisone 

orally, intravenously and intramuscul~rly. 3 

2. Gantrisin or sulfadiazi.ne intravenously and orally 
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or penicillin intramuscularly. 2 

Treatment of influenzal meningitis: 

1. Chloromycetin, intravenously and intramuscularly 

and orally and sulfadiazine subcutaneously . A 

subdural tap should be done if indicated.3 

2. Aureomyc_in, intravenously and orally or terra

mycin, i ntravenously and orally. 2 

Treat~ent of menineitis due to E.coli: 

1. For mild infections: same treatment as for in

fluenzal menineitis. For severe infections: add 

to the above streptoMycin, intramuscularly and 

intrathecally. 3 

2. Same treatment as for influenzal neningitis . 2 

Treatment of t uberculous meninritis: 

1~ Streptomycin, iPtramuscularly for 6 months and 

intrathecally for 6 weeks and PAS, orally for 6 

months and Promzole, intramuscularly for 6 months . 

In very severe cases use PPD or streptokinase and 

streptodomase intrathecally. 3 

2. Isoniazid, intramuccularly or orally. Strepto

mycin, intramuscularly and intrathecally.2 

Treatment of lymphocytic choriomeningitis: 

1 . No specific treatr.ient was £7iven by either investi

gator but from this survey penicillin, intramuscu

larly and aureomyci n, orally a~d desoxycorticoster-
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one were used . 

Postdismissal Foll ow-uE 

It was alriost impos~ible to investigate the present status 

of all the cases reviewed in this survey but the outcome of well over 

half is knowr which is believed to be a represertative group . 

Those cases which expired are piven or Chart number 7 and 

therefore are not included here on Chart number 8. 

It was quite interesting to note the comment of the parent, 

even on those cases which were fully recovered at the time, about 

the child having a 11 change in persoPality11 by being more nervous 

and restless . 

The patients who seemed to be frequently ill were troubled 

with upper respiratory infections and pneumonia mainly . 

The ataxia noted ir the J cases which recovered from tuber

culous menin~itis could be caused by 8th nerve damaee due to strepto

mycin but the case which recovered from pneumococcal menirgitis had 

had no streptomycin therapy and therefore the ataxia could be due 

to arachnoiditis. 

The hiP,h number of survivors of tuberculous meningitis 

which show neurological disturbances is not unusual but is alarming 

and as survivors increase the problem increases: mental retardation 

is the commonest type of disability and motor disturbance in one or 

more extremities is next most common . 4 
Of those cases which expired and on which an autopsy was done., 

the most common fiPdings were bronchial preumonia, increased intra-
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cranial pressure and pulmonary atelectasis. 

Summary and Conclusions 

It was shown by this survey that t he majorit7 of cases in 

this area were meningococcal meningitis with unknown types being 

second most common and tuberculous meningitis third in incidence. 

Even though we have the antibiotics and other drugs which 

should help us t o  combat meningitis, there is an increase in the in

cidence for the year 1949, 1950, and 1951. The number 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 consis

tent with an increase over the country which may develop into an 

epidemic. 

The seasonal cycle for meni?Jgi tis- in this series shows 

peak during the months of May, June and July with a drop in August 

an:l a gradual rise to another peak in November arrl January. The 

significant drop in DeC'Smber can not be accounted for. 

When a preceding illnets was noted it is interesting to 

note the large number who had an upper respiratory infection but it 

is ju�t as interesting to note the :number who presumably had no pre

ceding illness. It is possible that the illness was so slight as· 

to pass m-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 diagnostie of nieningi tis ualess the vomit

ing is projectile in nature and in t,his series OlllY three cases re-
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ported projectile vomiting . Only 15 . 6 per cent of the cases had 

neck stiffness when first seen and only 7.8 per cent had a possible 

positive Kernig 1s sign . 

The most frequently found physical sign at the time the 

patient was admitted to the hospital was neck rigidity (59 . 0 per 

cent) which is very suggestive of meningeal irritation . Pharyngitis 

was found in 50 . 0 per cent of the patients . A positive Kernig sign 

occurred in only 23 .4 per cent of the cases. 

The laboratory studies of the spinal fluid are very help

ful in making a diagnosis since, usually, in meningitis many cells 

will be present and the fluid cloudy hut this is not always the 

case since a significant rumber of the cases in this series had 

spinal fluid which was clear and which had a cell count of 100 or 

less . It was found that the type of cell present in the spinal 

fluid was usually a polymorphonuclear leukocyte except in tubercu

lous meningitis where a mononuclear leukocyte was found to be the 

most predominer.t cell. 

Another finding in the spinal fluid in many cases but not 

all cases, was a decreased sugar and ir.creased protein while the 

chloride determination was low in a few cases but this may be account

ed ·for by the fact that it was not ordered on every patient . 

Smear and culture of t he spinal fluid should be done on 

every case since in some cases one was positive while the other was 

negative . 

A hypochromic anemia was found in a significant number of 
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cases to waITant considerati on during therapy. 

The white cell in the blood was increased in number in the 

majority of the cases with most cases sho~~ng the segmented form more 

predominant. 

No correlation could be made between the length of time a 

patient would be ill and when they were first treated since so many 

variables enter into the picture such as physical condition of the 

patient and preceding illness. 

The type of treatment used in most types of meningitis 

reviewed centered around penicillin and sulfadiazine. The varia

tions frorn this came in 11Unk:r:own types" where aureomycin was used 

considerably as well as penicillin and sulfadiazine, tuberculous 

meningitis where penicillin and streptomycin were used to a great 

extent, and lymphocytic chriomeningitis where penicillin and aureo

ITzy"cin were used. Supportive treatment was not i ncluded since it 

would vary so greatly with the case but fluids and blood should not 

be ner lected. 

The inciderce of cure was quite hi eh in all cases, with a 

significant number of cases shovm, except in tuberculous menin~itis 

where 50 per cent expired. Of those who survived but had some residual 

we find nruscle weakness, paralysis, hydrocephalus, and central nervous 

system damage. 

Since there is still a significant number of deaths in 

meninfitis as a whole, the best methods of treatment are still to 

be determined but even at the present time there is a recommended 
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treatment for each type of meningitis. There are several elective 

types of therapy which can be deemed as necessary only by the physi

cian acquainted with the case. 

•The postdismissal follow-up was not corclusive since a 

large number of patients could rot be contacted but of those con

tacted it was iriteresting to note the large number who were re

ported to have had 11a personality charge" by being more nervous 

and restless. The number who had ataxia after having had tubercu

lous meningitis probably suffered an eighth nerve injury due to 

streptomycin. 

Post-mortem findings in t ·,e combined cases consisted mainly 

of lung involvement and evidence of increased intracranial pressure. 

To conclude, we are all looking for a treatment which will 

reduce the death rate but it is the author's belief that the answer 

does not entirely lie with the treatment. There are three very 

important steps that come before the treatment and they are the 

early diagnosis of meningitis, the etioloeY of the meningitis and 

to find out what antibiotics the organism is most sensitive to if 

one is isolated. 

The only way which we car make an early diagnosis is to 

know what to look for and then look for it in every case and not 

just the most severe cases. vJe have three means of diarnosing: 

history and symptoms, physical findirfs, and the laboratory. The 

latter is for confirming positive cases and checking doubtful 

cases. The earlier a case is diagnosed ard treated correctly the 
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more effective will be the treatment. 

In order to give the correct treatment, the etiological 

agent must be detenni.ned as well as the antibiotic which will most 

inhibit or ld:11 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 carrled 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

ated. 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 developJ11ent of a resistant strain and to 

insure early maxi.mum 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

theeallJ', this method of administration should be used. 

The supportive thei:apy should not be neglected because as 

the general physical status of the patient is improved the better 

ldll the body 1 s defenses be to help in com'l:?aUng the disease. 

Therefore, to decrease the mortality rate, first diagnose, 

then determine the etiology, and then treat using the cor.J1ect drugs, 

as detennined by sensitivity studies, the proper amount and the most 

advisable 
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