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ABSTRACT

Cerebrospinal fluid (CSF) analysis for free,
bound and total N-Acetyl Neuraminic Acid
(NANA) as well as serum NANA was done in
68 patients of bacterial meningitis, of which 37
cases were of pyogenic meningitis and 31 of tu-
berculous meningitis. Ten patients were included
in the control group. The free NANA levels were
increased in only pyogenic meningitis, independ-
ent of protein levels but the bound fonn in-
creased with the increase in GSF proteins. The
increase of free NANA in CSF of pyogenic men-
ingitis patients was not related to the cell count
or sugar content in CSF or to the duration or se-
verity of illness, This finding can be of great help
in differentiating cases of pyogenic meningitis,
particularly partially treated patients, who may
have ambiguous pictures of CSF analysis, from
the cases of tuberculous meingitis.
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Bacterial meningitis, including tubercu-
lous meningitis is the most important cause
of neurological disease in childhood. The
importance of carly lumbar puncture for
the examination of cerebrospinal fiuid
(CSF) in these cases and specially in all |
children with minimal signs suggestive of
meningitis, can not be overemphasized.

~ Nowadays, CSF is frequently modified by

antibiotics administered prior to the pa-
tient’s admission to the hospital. The total
cell count is lower, the cell types are modi-
fied and organisms may neither be seen
nor cultured.

N-Acetylneuraminic acid (NANA) is a
constituent of gangliosides and glycopro-
teins which are known to be present in sig-
nificant quantity in brain. The metabolism
of these compounds is closely associated
with the many physiological functions and
pathological conditions of the nervous sys-
tem(1). Interest has been focussed on the
NANA contgnt of the casily accessible CSF
in the hope that it may prove to be useful in
diagnosis of pyogenic meningitis.

Most of the studies done previously
have been limited to one or other form of
NANA in either serum or CSF alone in
one or other neurological disorder(2-7).

The present study was undertaken with
the following aims: (i) To establish the nor-
mal values of serum and free, bound and
total CSF NANA in children; (ii) To deter-
mine alterations in levels of free and bound
NANA in CSF; (iif) To establish diagnostic
significance of different fractions of CSF
NANA,; (iv) To corrclate the duration and
severity of disecase with free and bound
NANA in CSF; and (v) To correlate the
protein, sugar and cell content in CSF and
the type of organism causing meningitis
with the free and bound NANA in CSF.
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Material and Methods

The present study was carried out on 78
patients of bacterial meningitis admitted in
the Pediatric Ward of Gandlhi Medical
College and Associated Kamla Nehru
Hospital, Bhopal. Thirty seven patients of
pyogenic meningitis and 31 of tubercular
meningitis were included in the study
group while 10 children not suffering from
any organic ncurological disorders served
as controls.

The diagnosis of bacterial meningitis -

was made on the basis of clinical history
and examination, CSF analysis (color, pres-
sure, proteins, sugar, chloride, cell count
and type); Gram staining and culture for
pyogenic organisms, and Ziehl Neelsen
staining for acid fast bacteria.

The free and total NANA was
estimated according to thiobarbituric acid
assay of Warren(8). The results were
analyzed statistically using the tests of
- significance.

Results

_ In pyogenic meningitis, the free, bound
and total CSF NANA values (Table I') were

CSF NANA IN MENINGITIS

significantly higher when compared with
the controls (p <0.001). The serum NANA
was also raised above the control value
but the difference was not significant
(p>0.05). -
In tuberculous meningitis, the bound
and total CSF NANA was raisecd when
compared with the controls but the free
component was not significantly different

- (p>0.05) as was the serum value. The

- serum and CSF NANA values did not vary
significantly in various age groups and
among both the sexes in normal as well as
meningitis patients.

The bound and therciore total CSF
NANA was increased both in pyogenic and
infrequently in tuberculous meningitis, The
bound CSF NANA increcased with the in-
crease in total proteins in CSF and this was
significant (p <0.05) both in pyogenic and
tuberculous meningitis (Tables 11 & £11).

No sigifificant difference was found be-
tween the CSF NANA values and duration
of illness (Tables IV & V). In both pyogenic
and tuberculous meningitis the values of
NANA in CSF and scrum in patients who
reported in the carly phase of the disease
did not differ significantly (p>0.05) from
those who came later in the illness. ‘

Similarly, there was no correlation of

TABLE I--CSF Free, Bound and Total and Serumt NANA Levels in Control and Meningitis Cases

No. of CSFNANA (umol/L) Mean + SD Serum NANA
Diseases cases {mg/dl)
Free Bound Total Mean = SD
Control 10 199+ 7.7 285+ 174 484+183 56.8x 74
Pyogenic 37 1779+129.5**  259.6+190.5** 4374 £281** 65.0x25.4
meningitis ,
Tuberculous 31 237+ 11.7 83.4+ 46.9* 107.1+45* 57.1x138

* = Significant (p<0.05)
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TABLE II--Correlatior. of CSF NANA with Proteins iin Pyogenic Meningitis

CSF - No.of o ivom, CSF NANA (4 mel/L) Mean+SD
proteins cases T —
(mg/dl) none Free Bound Total
40- 100 5 1124+ 678 1048+ 588 217.2+105.8
- 101- 200 15 - 169.9+100.7 166.4+ 56.4* 336.6+118.4
201- 500 14 1494+ 845 310.2£136.6** 459.6 +176.6*
501-1000 3 460.6 £154.9* 7475 12.8%* 1208 *115.4**

* = Significant (p<0.05) ** = Highly significant (p<0.001)

"TABLE INl--Conrelation of CS'F NANA with Proteins in Tubérculous Meningitis

CCSF . No.of

_ . CSF NANA (1 mol/L) Mean+SD
proteins cases o -
(mg/dly C Free Bound Total
=40 2 286+ 69 201+ 63 48.7+13.2
41 -100 14 . 22.3+13.0 - 81.6+29.4* 103.9 +24 9*
101-200 ' 12 25.6+11.1 98.2+60.0 123.8+58.6
201-500 3 178+ 12 . V776264 95.4+283

= rgarmn e R REe S R e ST

* = Significant (p<0.05)

TABLE IV--Correlation of CSF NANA with Duration of Pyogenic Meningitis

Days of No. of CSF NANA (1 mol/L) Mean+SD
presentation cases
Free Bound Total

Same day 4 1633+ 949 233.1+117.7 - 396.4+200.7
1 - 3 days 13 185.1%+109.8 2122+ 86.1 397.6+£119.9
4 - 7 days 8 1295+ 683 167.5% 43.2 2970+ 88.6
8 - 14 days 6 280.3+213.0 439.3+315.6 719.62499.6

215 days 6 1346 63.0 214.2+136.1 348.8+173.6

demonstrated in 20 (54%) cases. The
organisms isolated were pneumococci (6
cases), streptococci (3 cases), H. influenzae
(4 cases), Proteus (3 cases), Staph. aureus
(2 cases) and Klebsiella and pseudomonas
(1 case each) as shown in Table VIII. The
highest value of free CSF NANA was scen
in Pseudomonas pyocyaneus infection.

CSF NANA values with the outcome of ill-
ness. As shown in Tables VI & VIT the free,
bound or total CSF NANA in patients who
improved from the illness did not differ sig-
nificantly from those who developed seque-
lae or died due to the disease.

Out of 37 cases of pyogenic meningitis
in the study, causative organisms could be
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TABLE V~Correlation of CSF NANA with Duration of Tuberculosis Meningitis

Days of No. of CSF NANA (¢ mol/L) Mean=SD
presentation cases
Free Bound Total
<7 _ 1 2171 13.82 3553 oo
815 8 279+149 751342 103.0+29.6
16-30 17 21.8+11.1 86.2x338 108.6+36.2
>30 S 253+ 85 100.9x+77.7 126.2+71.9
TABLE VI--Correlation of CSF NANA with the Outcome in Pyogenic Meningitis
Outcome of No. of CSF NANA (u mol/L) Mean=SD
~ illness cases
' Free Bound Total
-
Improved 24 1428+ 83.8 243.5+181.6 386.3+220.4
Improved with
- sequelae 5 1239+ 50.7 1638+ 80.1 2877+ 958
Expired 8 258.1+1329 300.4+£166.9 558.5+262.5
TABLE VII--Correlation of CSF NANA with outcome iri T’ubemulosir Meningitis
Outcome of No. of CSF NANA (4 mot/L) Mean+SD
iliness cases —
Free Bound Total
Improved 7 209+ 26 761278 96.9x27.1
Improved
with sequelae 14 281+15.1 95.4+59.9 123.5+55.7
Expired 10 202+ 86 74.3+352 94.5+27.9
Proteus, streptococci and pneumococci The increase in free NANA levels in
also showed high free CSF NANA. CSF of pyogenic meningitis has been re-
e e ported by most of the authors(2-5,7). It is
Discussion conceivable that the enzyme neuram-

The free, bound and total CSF NANA
was significantly higher in pyogenic menin-
gitis when compared with the controls
(p<0.001) whereas in tuberculous menin-
gitis only the bound and total CSF NANA
was raised significantly in comparison to
controls.
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inidase elaborated by some of the pyogenic
organisms may be responsible for this in-
crease. The free CSF NANA levels were
found to be high in pseudomonas, proteus,
streptococcal and pneumococcal meningi-
tis. Of the pyognic organisms identified in
the present study pneumococcus, strepto-
coccus and pseudomonas pyocyaneus are
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a- TABLE VIII--Correlation of CSF NANA with Causative Organisms

Caustive No. of CSF NANA (¢ mol/L) Mean+SD
organism cases

Free Bound Total
Streptococci 3 292.8+142 472.7+1428 765.5+280.6
Pneumococci 6 219.7+723 2038+ 113 423.4+168.0
Staph.aureus 2 612+ 20 956+ 5.0 156.8* 53.0
Pseudomonas 1 493.5 664.6 1158.1
Klebsiclla 1 48.4 s 351.5 : 3998
H. Influenzae 4 . 46.0+£22.8 1756+ 105 2225% 254
Proteus 3 359.3+395 1723+ 722 531.6% 11.7
Mycobacterium 9 221+124 76.2+ 30.9 1178+ 595

known to elaborate neuraminidase which
splits and terminal sialic acid (or non-
reducing) end of various sialoglycoproteins
and gangliosides increasing the free CSF
NANA(2,9-11). The free CSF NANA lev-
els in Klebsiclla, H. influenzae and Staph.
aureus meningitis were not significantly
higher than controls. Among these H. in-
fluenzae has been shown not to elaborate
the enzyme neuraminidase(2, 9, 11).

The glycoprotein present in infected
CSF may comprise major substrate for
neuraminidase. Neurons contiguous with
the meninges and bathed in infected CSF
may constitute another substrate for
neuramidase and a source of free CSF
NANA. These cells are rich in NANA
bearing gly-oproteins and gangliosides(2).

The bound and the total CSF NANA
was raised in tuberculous meningitis also
but the free component was not different
significantly from controls, as was the se-
rum value. Most of the earlier workers too
have not found any significant difference
between free CSF NANA levels in patients
with _ubercular meningitis and the con-
trols(3-6).

The bound and therefore total NANA
was increased both in pyogenic and infre-
quently in tuberculous meningitis. This is

in accordance with the observations made
by some of the earlier workers(2,3,6,7) and
may be explained on the basis of increased
protein content especially of the sialic acid
containing immunoglobulins usually found
in the CSF of these cases(2-4). In fact, in
our study the bound CSF NANA increased
with the increase in total CSF proteins and
this was siglificant (p<0.05) both in
pyogenic and tuberculous meningitis
(Tables IT & IIT).

The rise in bound CSF NANA was
found not due to gangliosides but is the re-
sult of sialoglycoproteins(3). The increased
protein values seen in the CSF as well as
the reported increase of immunoglobulins
in CSF in bacterial meningitis(2) support
this interpretation. The fact that sialic acid
is bound chiefly to the glycoproteins, i.e.,
alpha-1 and alpha-2 globulins in CSF ex-
plains the increasc in bound and conse-
quently in total NANA with the increase in
CSF proteins. Similar observations have
been made by earlier workers(2-4,7) in
cases of  pyogenic meningitis.
Balasubramanian ef al.(3) have shown that
the sialoglycoproteins of both control and
pyogenic CSF are similar with respect to
their molecular weight and charge, which
can apparently be applied to the proteins in
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reducing) end of various sialoglycoproteins
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aureus meningitis were not significantly
higher than controls. Among these H. in-
fluenzae has been shown not to elaborate
the enzyme neuraminidase(2, 9, 11).

The glycoprotein present in infected
CSF may comprisc major substrate for
ncuraminidase. Neurons contiguous with
the meninges and bathed in infected CSF
may constitute another substrate for
neuramidase and a source of free CSF
NANA. These cells are rich in NANA
bearing glycoproteins and gangliosides(2).

The bound and the total CSF NANA
was raised in tuberculous meningitis also
but the frec component was not different
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rum value. Most of the earlier workers too
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between free CSF NANA levels in patients
with _ubercular meningitis and the con-
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The bound and therefore total NANA
was increased both in pyogenic and infre-
quently in tuberculous meningitis. This is

in accordance with the observations made
by some of the earlier workers(2,3,6,7) and
may be explained on the basis of increased
protein content especially of the sialic acid
containing immunoglobulins usually found
in the CSF of these cases(2-4). In fact, in
our study the bound CSF NANA increased
with the increase in total CSF proteins and
this was sigliificant (p<0.05) both in
pyogenic and tuberculous meningitis
(Tables 11 & II).

The rise in bound CSF NANA was
found not due to gangliosides but is the re-
sult of sialoglycoproteins(3). The increased
protein values seen in the CSF as well as-
the reported increase of immunoglobulins
in CSF in bacterial meningitis(2) support
this interpretation. The fact that sialic acid
is bound chiefly to the glycoproteins, i.e.,
alpha-1 and alpha-2 globulins in CSF ex-
plains the increase in bound and conse-
quently in total NANA with the increase in
CSF proteins, Similar observations have
been made by earlier workers(2-4,7) in
cases of  pyogenic meningitis.
Balasubramanian et al.(3) have shown that
the sialoglycoproteins of both control and
pyogenic CSF are similar with respect to
their molecular weight and charge, which
can apparently be applied to the proteins in
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tuberculous meningitis also(4).
No significant difference was found be-
tween the CSF NANA values and duration

of illness, in both pyogenic as well as tuber-

culous meningitis. In one of the previous
studies(7) the CSF sialic acid levels were
significantly higher in patients who re-

ported in the carly phase of the disease as

compared to those who came later in the
illness. In our study, however, the levels of
free and total CSF NANA in both pyogenic
as well as tuberculous meningitis did not
differ according to their days of illness thus
serving as important tool for diagnosis of
the partially treated cases also, who
reported later in illness.

The CSF NANA values were also not
related with the outcome of the discasc.
These values did not differ significantly
whether the patient recovered from the ill-
ness with or without sequelae or died due
to it, whereas in a previous study(2) the
percentage of free out of total CSF NANA
was related to coma and cure. These au-
thors found that fewer patients in the low
free CSF NANA range manifested coma
than in the high and the cure was more
common in the low range groups.

Out of 37 cases of pyogenic meningitis
in the present study, causative organisms
could be demonstrated in 20 (54%) cases
only. This can be explained by the fact that
antibiotics administered prior to the pa-
tients’ admission to the hospital frequently
modify the CSF(5).

The free sialic acid in pyogenic and tu-
berculous meningitis were not much differ-
ent from those of non-meningitis cases in
one of the earlier studies(6), although the
total sialic acid was found raised in both
types of meningitis. They found no evi-
dence of raised free sialic acid at any stage
during follow up, even in cases with persis-
tent presence of pathogen and concluded
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that from a practical standpoint measure-
ment of free CSF, sialic acid offers little as
an aid for diagnosis of pyogenic meningitis
and its differentiation from other types of
meningitis.

The increase of CSF NANA in pyo-
genic meningitis was useful for cases re-
porting in the early phase of illness, thus
improving the chances of early diagnosis
for management and prevention of compli-
cations. The partially treated cases also
documented increase in free CSF NANA
despite ambiguous CSF picture in some.
Determination of free sialic acid levels in
CSF will thus be of help in the early
diagnosis of and differentiation between
pyogenic and tuberculous meningitis. It
has, perhaps, a few disadvantages; one is
that in meningitis caused by certain
pyogenic bacteria which do not elaborate
enzyme neuraminidase(2) the high free
CSF NANA cannot be expected(2,4).
Another disadvantage is that in mixed
infection of both pyogenic and tuberculous
organisms free CSF NANA will indicate
only the pyogenic infection.

It has, however, the advantages that in
those cases where the result of CSF culture
are negative due to partial treatment, or
otherwise, the increase in free CSF NANA
persists.

Estimation of NANA in CSF can,
therefore, serve as a useful test for diagno-
sis of doubtful cases of memngltjs with
ambiguous CSF picture. .
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NOTES AND NEWS

NATIONAL PEDIATRIC NEPHROLOGY UPDATE-1991

The IV National Pediatric Nephrology Update under the auspices of Indian Pediatric

Nephrology Group of IAP, Department of Pediatric Nephrology, Institute of Child Health
and Hospital for Children, Madras; Department of Pediatric Nephrology; Childs Trust
Hospital, Madras and Tamil Nadu Chapter of JAP will be held on 24th and 25th August
1991 at Madras. The delegate fees will be Rs. 150/- for bonafide students and  Rs. 200/-

for others (add Rs. 5/- for outstation cheques).

For details contact;

Dr. B.R. Namalwar,
Organizing Chairman,
No. 2, Main Road,
Seetha Nagar,
Nungambakkam,
Madras 600 034,
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