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ABSTRACT

Background: Tubercular meningitis (TBM) is an endemic disease in developing countries. Adenosine deaminase
activity (ADA) has been of great importance for many years in TBM diagnosis. The objective of this study was to
determine the CSF-ADA levels in different CNS disorders, to compare the CSF-ADA activity in different types of
meningitis, to find out the sensitivity and specificity of CSF-ADA in the diagnosis of TBM and to establish the
prognostic value of CSF-ADA in TBM in comparison to Control group.

Methods: For control group CSF was collected from the patients of simple febrile convulsions and idiopathic
epilepsy.

Results: The present study was carried out in the 112 cases of different CNS disorders, age ranging from 4 months to
12 years with a mean age of 4.12 years and 38 cases (27+11) of control group (simple febrile convulsion and
idiopathic epilepsy). In the present study CSF-ADA level was statistically significantly increased in all types of
meningitis (p<0.05). In case of TBM, the mean CSF-ADA level increased statistically significantly with increase in
CSF protein level (p<0.05). In case of TBM, there was no significant difference in the mean ADA value according to
CSF sugar level (p<0.10). In case of TBM, the mean CSF-ADA level increased significantly with increase in CSF cell
count (p< 0.01) mainly lymphocytes.

Conclusions: Thus it can be concluded from our study that CSF-ADA estimation is relatively simple and inexpensive
procedure in the early diagnosis of tuberculous meningitis with high sensitivity (100%) and specificity (97.5%) at a
cut-off level of 51U/L and can be used in differentiating TBM from other types of meningitis. Along with diagnostic
utility of CSF-ADA, it has also prognostic value in the follow-up case of tuberculous meningitis.
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INTRODUCTION deaminase (ADA) catalyses the irreversible hydrolytic
deamination of adenosine to produce ionosine and

Adenosine deaminase exists in multiple molecular forms ammonia.*

in human tissue. One form of the enzyme appears to be

“particulate”. Three forms of the enzyme are soluble and Adenosine + H2 O = lonosine + NH3

inter-convertible with apparent molecular weights of

approximately 36,000, 114,000, and 298,000 (designated Principal biological activity of ADA is detected in T

small, intermediate, and large, respectively). Adenosine lymphocytes.? The enzyme activity is inversely
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proportional to the degree of T cell differentiation.’
Increased levels plasma ADA has been observed in
certain infectious diseases with an active participation of
cell mediated immune responses.* Specific activity of this
enzyme is higher in T lymphocytes than B lymphocytes.®
It is secreted by T lymphocytes and macrophages during
infections. So there has been interest in ADA as a marker
of chronic inflammatory conditions such as tuberculous
meningitis.®

Tuberculosis (TB) is one of the leading causes of
mortality and morbidity in developing countries. The best
estimate is that there were 1.4 million TB deaths in 2015,
and an additional 0.4 million deaths resulting from TB
disease among HIV-positive people. In terms of cases,
the best estimates for 2015 are that there were 10.4
million new TB cases (including 1.2 million among HIV-
positive people), of which 5.9 million were among men,
3.5 million among women and 1.0 million among
children. Overall, 90% of cases were adults and 10%
children, and the male: female ratio was 1.6:1.7
Tuberculous meningitis (TBM) is an endemic disease
among socioeconomically disadvantaged communities in
both developing and developed countries.”

Tuberculous meningitis (TBM) still remains an important
cause of morbidity and mortality in India due to lack of
early and timely diagnosis. Even when it is not fetal,
early and correct treatment is essential for successful
outcome in patients of tuberculous meningitis.®

Tuberculous meningitis continues to confront clinicians
with a diagnostic problem. Acid fast bacilii may be
difficult to find in the cerebrospinal fluid (CSF) on ziehl -
Neelseen staining, while culture of Mycobacterium
Tuberculosis from CSF may take from 6-12 weeks.
Confirmation of diagnosis may be particularly difficult in
children where only small amount of CSF may be
submitted for examination and culture.

Haas F et al has reported positive only in 10-40% of
patients and cultures are positive in 45-90% depending
upon the quality of CSF and laboratory facilities.®
Workers from tropic countries, attain bacteriological
proof in only 10-20% of cases.*®

Levels of ADA in CSF are known to be increased in
TBM.' It has been suggested by Piras and Gakis that
ADA levels in CSF may help to differentiate tuberculous
meningitis from “viral lymphocytic meningitis” and
further that tuberculous meningitis and bacterial
meningitis “differ clearly from one another regards the
relationship of ADA to the number of cells”.'>'* ADA
activity has been shown to be high in nervous system
neoplasia.'* Many workers have shown increased CSF-
ADA values during acute inflammatory neuropathies and
various forms of meningitis, whereas Hirschhorn et al
have reported that deficiency of ADA may lead to
neurological abnormities.** Diagnostic relevance to CSF-
ADA activity in patients suffering from nervous system

neoplasia and on the other hand they found a low
enzymatic activity in the course of non-neoplastic
neurological diseases. High values were also met by
Kluge et al during acute inflammatory cerebropathies,
atrophy and neoplasia of nervous system.215

As very less studies are available regarding CSF-ADA
activity in different types of meningitis and other
neurological disorders, CSF-ADA activity is carried out
here in patients suffering from tuberculous meningitis,
bacterial meningitis, aseptic meningitis and various other
neurological disorders and results are compared.

METHODS

The present prospective observational study was done
with the participants (below 12 years of age) of various
central nervous system disorders admitted in the
paediatric wards, Government Medical College and
Hospital, Aurangabad after taking institutional ethics
committee permission. For control group CSF was
collected from the patients of simple febrile convulsions
and idiopathic epilepsy.

Inclusion criteria

e  Child below 12 years of age

e Clinically suspected cases of meningitis

e Child with symptoms and signs suggestive of CNS
involvement (other than simple febrile convulsions
idiopathic epilepsy).

Exclusion criteria

e Child who had received antimicrobial therapy before
admission

e Child who had received anti-tubercular drug therapy
before admission.

Criteria for control group

e Clinical features suggestive of febrile convulsion
e Features suggestive of idiopathic epilepsy

Diagnostic criteria of tuberculous meningitis'©

(H/O) contact known case of active tuberculosis; onset is
insidious; presence meningeal sign, positive tuberculin
test- induration 10mm or more than that; X-ray chest:
evidence of hilar lymphadenopathy, or primary complex
or military TB. CSF examination shows pressure raised;
clear/cob-web formation of appearance on standby; cell
count less or equal than 500/mm?® with lymphocytic
predominance and in early cases predominance of
polymorphonuclear leucocytes. Z.N staining shows
presence of acid fast bacilii and positive culture for AFB.
Biochemical changes like CSF glucose is less than 40
mg/dl or half the value of simultaneous blood glucose
level; protein concentration is normal or slightly elevated
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(100-300 mg/dl) during early stage and later may be more
high.

Standard diagnostic criteria of acute bacterial meningitis,
aseptic meningitis, encephalitis, brain tumors, acute
febrile hemiplegia, neurodegenerative disorders, enteric
encephalophy, acute cerebelletis, cerebral malaria,
cerebral palsy, Guillain-Barré syndrome, simple febrile
convulsion, and ldiopathic epilepsy were assessed for
exclusion of other differential diagnosis.6-2°

Estimation of parameters

Hemoglobin, total leucocyte count, differential leucocyte
count, malaria parasite, blood culture, widal test,
tuberculin test, radiological (done in cases where needed)
were done. CSF examination;

e Physical examination-to differentiate between clear,
turbid and cob-web formation on standing
e Biochemical estimation.

Collected in plain vial for

e CSF Protein- by turbidity method using 3%
sulphosalicylic acid

e CSF Sugar —-by GOD-POD method

e CSF Chloride by silver staining method.

Cytology

The CSF was collected in sterile plain bulb and a drop of
CSF under coverslip was examined under microscope for
presence of cells. total count of cells was done by using
Neubauer's chamber. The CSF was centrifuged at 1500
rpm for 5 mints and sediment was smeared and stained
with Leishman’s stain and Gram's stain and observed
carefully for the type of cells and bacteria. Sediment was
also examined for acid fast bacilii after staining it was
Ziehl Neelsen (Z.N.) stain.

CSF was also collected in sterile plain bulb and sent for
culture of routine bacteria and for AFB on Lowenstein-
Jensen (L.J.) media. CSF was examined for malignant
cells whenever indicated by staining the smear with
papanicolaou’s stain.

CSF-ADA estimation

Fresh CSF sample was collected in heparinized vial and
estimation was done by colorimetric method using
Beckman-spectrophotometer at optimum wave length of
628 mm (620 nm to 650 nm) and at a temperature of
370C as per the method described by Giusti.*® The
capture data was analysed using descriptive statistics.

RESULTS

A total number of 112 cases of different central nervous
system disorders and 38 control (simple febrile

convulsion and idiopathic epilepsy) were studied in
patients attending Pediatric Department at tertiary care
teaching Hospital, Aurangabad. The youngest patient was
of 4 months and the eldest one of 12 years. Mean age was
4.12 years.

Table 1: Age distribution of the patients (n = 112).

Age in years No. of cases Percentage
0-1 30 26.87
1-2 14 12.50
2-3 11 09.83
3-4 08 07.15
4-5 09 08.04
5-6 15 13.39
6-7 04 03.58
7-8 06 05.35
8-9 06 05.35
9-10 07 06.25
10-11 01 00.89
11+ 01 00.89
Total 112 100

Table 2: Age distribution of the control group

(n=238).

Age in years ~ No. of cases ~ Percentage

0-1 10 26.31

1-2 11 28.94

2-3 04 10.52

3-4 05 13.15

4-5 04 10.52

5-6 - -

6-7 01 02.63

7-8 01 02.63

8-9 - --

9-10 01 02.63

10-11 -- --

11+ 01 02.63

Total 38 100

Table 3: Age distribution in the patients of TBM

(N =32).

Age in years No. of cases Percentage

0-1 15 46.88

1-2 06 18.75

2-3 03 09.38

3-4 -- --

4-5 04 12.50

5-6 02 06.25

6-7 01 03.12

7-8 01 03.12

8-9 - --

9-10 - -

10-11 - -

11+ -- --
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Table 4: Sex distribution of patients and control

group.
Sex No. of cases Percentage
Case

Male 65 58.03
Female 47 41.97
Control

Male 26 68.42
Female 12 31.58

Majority of children different CNS disorders were
between the ages of 4 months to 6 years (77.67%) (Table
3). The youngest patient was of 4 months and eldest was
of 12 years with the mean age 4.12 years. In the control
group majority of children were between the ages 6
months to 5 years (89.47%). The youngest one was of 6
months and the eldest of 12 years with the mean age 2.99
years. Highest incidence of tuberculous meningitis was
between 7 months to 5 years of age (87.5%).

Table 5: Distribution of patients of different CNS

disorders.
Diseases e of Percentage
cases
Tubercular meningitis 32 28.57
Acute bacterial meningitis 19 16.96
Aseptic meningitis 10 08.93
Encephalitis 16 14.29
Brain neoplasm 02 01.79
Acute infantile hemiplegia 07 06.25
Neurodegenerative disorders 03 02.68
Enteric encephalopathy 05 04.46
Acute cerebelletis 04 03.57
Cerebral malaria 08 07.14
Cerebral palsy 04 03.57
Guillian Barre™ syndrome 02 01.79

Male to female ratio in patients of different CNS
disorders were 1.38:1, suggesting apparent male
predominance (Table 4). In TBM cases male to female
ratio was 1.29:1. Study groups comprised of 32 cases of
TBM, 19 cases of acute bacterial meningitis, 10 cases of
aseptic meningitis, 16 cases of encephalitis, 2 cases of
brain neoplasm, 7 cases of acute infantile hemiplegia, 3
cases of neurodegenerative disorders, 5 cases of enteric
encephalopathy, 4 cases of acute cerebelleritis, 8 cases of
cerebral malaria, 4 cases of cerebral palsy and 2 cases of
Guillain Barre’s syndrome.

Table 6: Distribution of cases in control group.

Diagnosis No. of cases Percentage

Simple febrile convulsion 27 71.05
Idiopathic epilepsy 11 28.95

Evidence for the diagnosis of TBM observed in our
study- history of contact with the patients of active
tuberculosis in 28.12% cases; positive tuberculin test in
62.5% cases; associated pulmonary tuberculosis (by x-ray
chest) in 78.12% and tuberculous lymphadenitis (by
biopsy) in 3.12 % cases and positive smear for AFB in
CSF on Z.N. staining in 3.12 % cases. No culture for M.
tuberculosis were positive (Table 7).

Table 7: Evidence for the diagnosis of TBM.

% of +ve
cases

Evidence +ve -ve

H/O contact with patients

of active pulmonary TB 09 23 2812

Tuberculin test 20 12 62.50
Associated tuberculous focus
Pulmonary (X-ray test) 25 07 78.12

Lymphadenitis (Biopsy) 01 31 03.12

CNS

Z. N. Stain 01 31 03.12

Culture for AFB - - -

Table 8: Immunization status of TBM patients.

BCG vaccination  No. of cases  Percentage
Vaccinated 07 21.88
Non-Vaccinated 25 78.12

Table 9: Tests for diagnosis of acute bacterial

meningitis.
[0)
Test Cases +ve -ve 20T
cases
CSF Gram’s stain 19 04 15 21.05
CSF culture 19 01 18 05.26

Table 10: CSF-ADA levels (IU/L) in patients of
different C.N.S. disorders.

Diseases No. of cases Mean+S.D
Tubercular meningitis 32 10.10+2.28
Acute bacterial 19 03.20+ 1.00
meningitis

Aseptic meningitis 10 02.03+ 0.26
Encephalitis 16 1.06+0.25
Brain neoplasm 02 04.43+ 2.81
Acute infantile 07 00.84 0.19
hemiplegia

N_eurodegeneratlve 03 00,8540 25
disorders

Enteric encephalopathy 05 00.98+0.25
Acute cerebelletis 04 00.96+0.28
Cerebral malaria 08 00.87+0.26
Cerebral palsy 04 00.85+0.12
Guillian Barre 02 01.19+0.33
syndrome

International Journal of Contemporary Pediatrics | March-April 2017 | Vol 4 | Issue 2 Page 599




Rahaman SR et al. Int J Contemp Pediatr. 2017 Mar;4(2):596-603

The highest value was noted in tuberculous meningitis
(Table 10).

Table 11: CSF-ADA levels (1U/L) in control group.

No. of

‘ Diagnosis Mean+SD
e — v
Simple ferile convulsion 27 0.7362+0.1716
Idiopathic epilepsy 11 0.7354+0.1112
Table 12: CSF-ADA level in TBM according to CSF
protein.
Protein No. of CSF —ADA level
. cases
50-100 A 16 08.86+1.19
101-200 B 12 10.36+1.94
>200 C 04 14.27+1.18

One way ANNOVA shows - there significant difference
of CSF-ADA level in between 3 groups (F = 20.609, p<
0.001).

Table 13: CSF-ADA level in TBM according to CSF
sugar.

No. of CSF-ADA level (IU/L)

cases (meanzSD)

<40 A 21 10.03+2.09

10.24+2.68

>40 B 11

Students™ t test shows the mean difference in CSF-ADA
level between these 2 groups is not statistically
significant (p = 0.80).

Table 14: CSF-ADA level in TBM according to CSF

cell count.
Cell Group No. of CSF-ADA level
counts _cases (IU/L) (mean+SD
0-100 A 14 08.49+1.41
101-200 B 12 10.12+0.93
>200 C 06 13.80+1.16

One way ANNOVA shows- there significant difference
of CSF-ADA level in between 3 groups. (F = 40.803, p<
0.0001).

DISCUSSION

Tuberculous meningitis still remains an important cause
of morbidity and mortality in India due to the lack of
early diagnosis of TBM. Tuberculous meningitis
continues to confront clinicians with diagnostic problems.
Acid fast bacilii may be difficult to find in the CSF on
Ziehl Neelsen staining, while culture of mycobacterium
tuberculosis from CSF may take 6 to 12 weeks. Even
when it is not fatal, irreversible brain damage may results
from waiting some weeks for culture proving the

diagnosis. In areas with a high prevalence of tuberculosis
like India, there need for an alternate highly sensitive test
for the early diagnosis of TBM which at the same time
approaches the specificity of golden standard.

Adinosine deaminase (ADA) has been reported to be one
such test in the diagnosis of tuberculous serositis and
meningitis. A sensitivity and specificity of more than
90% has been reported by several workers using the same
test.3 It is in this context CSF-ADA was undertaken in
the patients of different CNS disorders including different
types of meningitis.

The present study is aimed to determine the CSF-ADA
levels in different CNS disorders, to compare the CSF-
ADA activity in different types of meningitis, to find out
the sensitivity and specificity of CSF-ADA in the
diagnosis of TBM and to establish the prognostic value of
CSF-ADA in TBM.

The present study was carried out in the 112 cases of
different CNS disorders, age ranging from 4 months to 12
years with a mean age of 4.12 years and 38 cases (27+11)
of control group (simple febrile convulsion and idiopathic
epilepsy). The youngest case was of 7 months and the
eldest case of 12 years. Out of 112 cases 32 were of
TBM, 19 patients of acute bacterial meningitis, and 10 of
aseptic meningitis: other groups (other than meningitis)
comprised of 51 patients.

Mean age of case group of the present study is similar to
Malan et al (1984) though our sample size is less and the
control group is mean age is 2.99 years in our study
whereas it is 1.58 years in Malan et al.3! The mean age of
TBM patient is 2.4 years with the youngest of 7 months
and the eldest is 8 years. 15 cases (46.88%) were between
7 months to 1 years of age and 28 (87.5%) are in first 5
years. this finding was similar to the study of Molavi A et
al.’® Male predominance is observed in both case and
control of our study. Male to female ratio in TBM cases
was 1.29:1 in present study which is comparable with the
study of Udani and Parekh et al where male to female
ratio in CNS tuberculosis was 1.27:1.32

In the present study, H/O contact with the patient of
active tuberculosis was found in 9 cases (28.12%), which
is comparable with the study of Abdholgader et al,
Alarcon F et al and Udani PM, where they found it 20-
30% cases, 32.1% cases and 25.3% cases respectively.
Positive tuberculin test was found in 62.5% cases of our
study which is almost similar to the finding of Ribera et
al 4103334 670 of negative tuberculin test of this study is
similar to the finding of Lincoln et al and in contrast with
Udani M.%3  Evidence of pulmonary TB, hilar
lymphadenopathy and consolidation were found in 25
cases (78.12%) of TBM patients in similarity with the
findings of Lincoin et al and Zaarhbi et al.3>%"

CSF smear for AFB was positive in 1 case (3.12%) of our
study and 2.2 % in Udani PM but Udani PM got positive
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culture in 5.15% cases in Lowenstein medium but we did
not find any.*® In most reported cases the frequency with
which AFB seen on smear varies between 10% to 90% of
cases and CSF culture were positive in 45-90% of cases
Haas FJ et al, Selvakumar et al and Prasad et al from
India reported positive culture for AFB in 29.5% and
20.6% case of TBM respectively.58° Ribera et al in
19874 reported positive AFB culture in 76% of the cases,
while Zeihl Nelson stain was found to be positive in only
10% of their cases studied. In this study out of 32 patients
of TBM, 7 (21.88%) were vaccinated with BCG and
78.12 % were not. Findings are similar with Alarcon F et
al.%

Mean CSF-ADA levels in the control group of this study
was 0.74+0.16 IU/L. these values are in close proximity
with those obtained by Piras et al, Prasad et al and
Selvakumar, where their values were 0.64+0.47, 0.70%
0.25,0.67+0.57 and 0.80+0.50 1U/L respectively.®812

Mean CSF-ADA level in encephalitis of the present study
was 1.06+0.25 IU/L which is significantly raised as
compared to control group (p<0.05). High values were
also met with by Kluge et al during acute inflammatory
cerebropathy.®> Malan et al had carried out CSF -ADA
level in one patient of post-measles encephalitis with the
ADA level 1.1 and 4.5 IU/L respectively.®

In the present study mean CSF-ADA level in brain
neoplasm was 4.43+2.81 IU/L. though it is apparently
raised from the value of control group but it is not
statistically significant(p>0.05) may be due to small size
of sample (only 2 cases). CSF-ADA mean value in brain
neoplasm of Piras et al and Ribera et al was 0.85+0.74
and 2.4+1.8 IU/L respectively and number of cases were
6 and 28 respectively.*1?

Mean CSF-ADA value in the neurodegenerative
disorders and acute infantile hemiplegia in the present
study was not significantly raised as compared to the
control group (p> 0.05). Similar observations were found
by Piras et al.!? In the present study mean CSF ~ADA
level of acute cerebellitis, cerebral malaria, Cerebral
palsy and Gullain Barre® Syndrome is not significantly
raised than the control group.

Mean CSF-ADA level in enteric encephalopathy in our
study is not significantly raised as compared to the
control as found by Piras et al.*?> They found increased
serum serum ADA level but CSF-ADA is not increased.
So they concluded that increased ADA level does not
pass the haemato-encephalic barrier.

In the present study CSF-ADA level was statistically
significantly increased in all types of meningitis (p<0.05).
The rise is maximum in cases of TBM. Mean value is in
similarity with Piras et al and Chandra et al. The lower
and higher ADA value is observed by Prasad et al and
Ribera et al may be due to difference in racial factors and
different estimation techniques. CSF-ADA level of

encephalitis in this study was significantly higher than
control (p< 0.05) but when compared with TBM values
are values are higher in TBM than encephalitis.

In the present study, in none of the 32 cases of TBM,
CSF -ADA level was less than 51U/L, while in one case
of acute bacterial meningitis and in one case of brain
tumor it was 6.14 IU/L and 6.42 IU/L respectively. On
the basis of these results the sensitivity of CSF-ADA for
the diagnosis of TBM at cut-off value of 5IU/L was
100% and specificity was 97.5%.

Ribera et al had studied in all adults patients that may be
the possibility of higher cut-off point (9 IUU/L) of ADA
level in the diagnosis of TBM.*!2 In the follow up cases
of Piras et al, out of 5 TBM cases 4 (80%) showed
progressive decrease of ADA, paralleled by improvement
of clinical symptoms and CSF cellular and Biochemical
data. Whereas in the present study out of 16 cases 14
(87.5%) showed significant decrease in ADA along with
the clinical improvement. In their study 1 (20%) patient
died after 1 month due to complications without showing
any significant fall of ADA. Whereas in our study 2 cases
(12.5%) had shown the same trend.

Ribera et al had found significant lowering of ADA
activity between 10-20 days of therapy (p<0.05) which is
comparable with our findings. Complication is 6.25% in
Ribera et al.* In these complicated patients we did not
find increased level from initial level which is observed
by Ribera et al.* He explained that initial rise in ADA
during the first 10 days of ATT due to;

e The amount of time needed by tubercular antigens

e A greater stimulation of T cell by the release of
antigen as a result of the bactericidal effect of
chemotherapy.

They observed after this initial phase there is a
progressive fall in ADA activity, until it normalizes about
3-4 months later. This gradual fall may be due to the
continues elimination of mycobacterial antigen allowing
T lymphocytes to regain their quiescent state.

Ribera et al did not find CSF-ADA level below 9IU/L at
any time before 4th week of therapy.* According to this,
the sensitivity of ADA test remained 1 up to this time. On
the contrary, in the present study we did not find ADA
level below 5 IU/L in any cases during 3-4" week of
therapy. According to this, the sensitivity of ADA test
remained 1 up to 3-4 weeks of therapy.

When CSF-ADA level in TBM was compared with CSF
protein in this study, it was found that with increase in
protein level the mean ADA level also increased
significantly. Similar findings were observed by Prasad et
al8. In the present study when CSF-ADA level in TBM
was compared with CSF sugar there was no significant
difference (p<0.05) in mean CSF-ADA level to CSF
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sugar level, similar findings were observed by Prasad et
al8.

When CSF-ADA level in TBM was compared with the
CSF cell counts, it was found that with increase in cell
count the mean ADA level also increased. In our study
where pleocytosis occurs in CSF, there were lymphocytic
predominance. So this present observation can be
comparable with study Prasad et al where they observed
increase mean ADA level in relation to increase
lymphocyte percentage in CSF.2

CONCLUSION

In the present study, a total number of 112 cases of
different central nervous system (CNS) disorders and 38
controls (simple febrile convulsion and idiopathic
epilepsy) were studied at Government Medical College
and Hospital, Aurangabad. Conclusion drawn from the
present study were as follows: Male to female ratio in
patients of different CNS disorders were 1.38:1,
suggesting apparent male predominance. Tuberculous
meningitis was common in non-BCG vaccinated (78.12
%) children. Mean CSF-ADA levels (IU/L) were in TBM
-10.10+2.28, in acute bacterial meningitis- 3.20£1.00, in
aseptic meningitis 2.03+0.23, in encephalitis 1.06£0.25 in
brain neoplasm 4.43+2.81 in acute infantile hemiplegia
0.84+ 0.19, in neurodgeretive disorders 0.85+0.25, in
acute cerebellaritis 0.96+0.28, in enteric encephalopathy
0.98+0.25, in cerebral malaria 0.87+0.26, in cerebral
palsy 0.85+0.12 and in Gullian Barre® syndrome
1.19+0.38. The highest value was noted in TBM. In the
control group mean CSF-ADA level was 0.74+0.16 1U/L
with the range 0.42-1.28 IU/L. Statistically significant
higher values than control group were obtained in the
CSF in each of the three meningitis groups and as well as
in encephalitis group (p<0.05); while in other group, CSf-
ADA did not differ significantly from that of control
group (p<0.05). CSF-ADA level s statistically
significantly higher in TBM than acute bacterial
meningitis, aseptic meningitis and encephalitis (p<0.05).

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Van der Weyden MB, Kelley WN. Human
adenosine deaminase. Distribution and properties. J
Biol Chem. 1976;251(18):5448-56.

2. Sullivan JL, Osborne WR, Wedgwood RJ.
Adenosine deaminase activity in lymphocytes. Br J
Haematol. 1977;122:216-20.

3. Martinez-Vazquez JM, Ribera E, Ocafa I, Segura
RM, Serrat R, Sagrista J. Adenosine deaminase
activity in  tuberculous pericarditis.  Thorax.
1986;41(11):888-9.

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ribera E, Martinez-Vazquez JM, Ocafia I, Segura
RM, Pascual C. Activity of adenosine deaminase in
cerebrospinal fluid for the diagnosis and follow-up
of tuberculous meningitis in adults. J Infect Dis.
1987;155(4):603-7.

Segura RM, Pascual C, Ocafa I, Martinez-Vazquez
JM, Ribera E, Ruiz I, et al. Adenosine deaminase in
body fluids: a useful diagnostic tool in tuberculosis.
Clin Biochem. 1989;22(2):141-8.

Selvakumar N, Vanajakumar, Duraipandian M,
Thillothammal N, Prabhakar R. Cerebrospinal fluid
adenosine deaminase and lysozyme levels in the
diagnosis of tuberculous meningitis. Ind J Tub.
1991;38:217-20.

Global Tuberculosis Report: 2016, WHO Library
Cataloguing-in-Publication Data, World Health
Organization 2016, WHO/HTM/TB/2016. Available
at
http://www.who.int/tb/publications/global_report/en
/ Accessed on 19 Novembe 2016.

Prasad R, Kumar A, Khanna BK. Adenosine
deaminase activity in cerebrospinal fluid for
diagnosis of tuberculous meningitis. Indian J Tub
1991,38:99-102.

Hass EJ, Madhavan T, Quinn EL. Tuberculous
meningitis in an urban general hospital. Arch Intern
Med. 1977;137:1518-21.

Molavi A, LeFrock JL. Tuberculous meningitis.
Med Clin North Am. 1985;69(2):315-31.
Hankiewicz J, Lesniak M. Adenosine deaminase in
cerebrospinal fluid. Enzymologia. 1972;43(6):385-
95.

Piras MA, Gakis C. Cerebrospinal fluid adenosine
deaminase activity in tuberculous meningitis.
Enzyme. 1973;14:311-7.

Malan C, Donald PR, Golden M, Taljaard JF.
Adenosine deaminase levels in cerebrospinal fluid
in the diagnosis of tuberculous meningitis. J Trop
Med Hyg. 1984;87:33-40.

Hirschhorn R, Paageorgiou PS, Kesarwala HH, Taft
LT. Amerioration of neurologic abnormalities after
enzyme replacement in adenosine deaminase
deficiency. N Engl J Med. 1980;303(7):377-80.
Kluge H, Winkler G, Wieczorek V, Vollhardt A.
Adenosine desaminase in the cerebrospinal fluid in
neurclogic and  psychiatric  patients.  Klin
Wochenschr. 1969;47(23):1268-9.

Viallon A, Botelho-Nevers E, Zeni F. Clinical
decision rules for acute bacterial meningitis: current
insights. Open Access Emergency Med OAEM.
2016;8:7-16.

Brouwer MC, Tunkel AR, van de Beek D.
Epidemiology, diagnosis, and antimicrobial
treatment of acute bacterial meningitis. Clin
Microbiol Rev. 2010;23(3):467-92.

Bahr NC, Boulware DR. Methods of rapid diagnosis
for the etiology of meningitis in adults. Biomarkers
Med. 2014;8(9):1085-103.

International Journal of Contemporary Pediatrics | March-April 2017 | Vol 4 | Issue 2 Page 602



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Rahaman SR et al. Int J Contemp Pediatr. 2017 Mar;4(2):596-603

Venkatesan A, Geocadin RG. Diagnosis and
management of acute encephalitis: A practical
approach. Neurology. Clin Pract. 2014;4(3):206-15.
Steiner I, Budka H, Chaudhuri A. Viral encephalitis:
a review of diagnostic methods and guidelines for
management. Eur J Neurol. 2005;12:331-43.
Gomez-Rio M, Caballero MM, Gorriz Séez JM,
Minguez-Castellanos A Diagnosis of
neurodegenerative diseases: the clinical approach.
Curr Alzheimer Res. 2016;13(5):469-74.

Leung DT, Bogetz J, Itoh M. Factors associated
with encephalopathy in patients with salmonella
enterica serotype typhi bacteremia presenting to a
diarrheal hospital in Dhaka, Bangladesh. Am J Trop
Med Hyg. 2012;86(4):698-702.

Sinha A, Sazawal S, Kumar R, Sood S, Reddaiah
VP, Singh B, et al. Typhoid fever in children aged
less than 5 years. Lancet. 1999;354:734-7.

Desai J, Mitchell WG. Acute cerebellar ataxia, acute
cerebellitis, and opsoclonus-myoclonus syndrome. J
Child Neurol. 2012;27(11):1482-8.

Misra UK, Kalita J, Prabhakar S, Chakravarty A,
Kochar D, Nair PP. Cerebral malaria and bacterial
meningitis. Ann Ind Aca Neurol.
2011;14(Suppl1):S35-39.

O’Shea TM. Diagnosis, treatment, and prevention of
cerebral palsy in near-term/term infants. Clin
Obstetr Gynecol. 2008;51(4):816-28.

Van der Meché FG, Van Doorn PA, Meulstee J,
Jennekens FG. GBS-consensus group of the dutch
neuromuscular research support centre. Diagnostic
and classification criteria for the Guillain-Barré
syndrome. Eur Neurol. 2001;45(3):133-9.
Mohammadi M. Febrile seizures: four steps
algorithmic clinical approach. Iranian J Pediatr.
2010;20(1):5-15.

Engel J. A proposed diagnostic scheme for people
with epileptic seizures and with epilepsy: report of
the ILAE task force on classification and
terminology. Epilepsia. 2001;42:796-803.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Giusti G. Adenosine deaminase. In: Bergmeyer HU,
ed. Methods of Enzymatic Analysis. 2nd ed. New
York: Academic Press; 1974:1092-9.

Malan C, Donald PR, Golden M, Taljaard JJ.
Adenosine deaminase levels in cerebrospinal fluid
in the diagnosis of tuberculous meningitis. J Trop
Med Hyg. 1984;87(1):33-40.

Udani PM, Parekh UC, Dastur DK. Tuberculosis of
the central nervous system: newer clinical types. in:
Paper presented at the 12th International Congress
of Pediatrics, Mexico. Vol. 2. Memoirs, Impresiones
Modernas, Mexico; 1968:130.

Alarcén F, Escalante L, Pérez Y, Banda H, Chacon
G, Duefias G. Tuberculous meningitis. Short course
of chemotherapy. Arch Neurol. 1990;47(12):1313-7.
Udani, PM. Incidence of tuberculosis in children.
Indian J Child HlIth. 1961;10:515-25.

Lincoln EM, Sordillo VR, Davies PA. Tuberculous
meningitis in children. A review of 167 untreated
and 74 treated patients with special reference to
early diagnosis. J Pediatr. 1960;57:807-23.

Udani PM. Evaluation of tuberculin test in pediatric
practice. Indian Pediatr. 1982;19(6):469-86.

Zaarbi M, Sane S, Girdany BR. The chest
roentgenorarnin the early diagnosis of tuberculous
meningitis in the children. Am J Dis Child 1971;
121:389-392.

Udani PM, Bhat US, Dastur DK. Tuberculosis of
central  nervous  system. Indian  Pediatr.
1973;10(11):647-56.

Cite this article as: Rahaman SR, Panda A,
Mandal PK, Chatterjee K, Borgaonkar RV.
Adenosine deaminase activity in cerebrospinal
fluid: diagnostic investigation in central nervous
system disorders in children. Int J Contemp Pediatr
2017;4:596-603.

International Journal of Contemporary Pediatrics | March-April 2017 | Vol 4 | Issue 2 Page 603



