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Abstract 

Introduction: Studies have shown the role of cerebrospinal fluid (CSF) adenosine deaminase (ADA) level but 
simultaneously estimation of serum and CSF-ADA to diagnose tuberculous meningitis (TBM) has been assessed rarely. 
Therefore, we conducted this study to assess the usefulness of serum and CSF-ADA in diagnosing TBM and to differentiate 
it with non-tuberculous meningitis in children. Material & Methods: A prospective, case-control study was conducted in 
tertiary care institution of central India over one year. Children hospitalised with suspected meningitis were recruited and 
serum and CSF-ADA levels were estimated after dividing them into TBM and non-tuberculous meningitis. Results: Out of 
78 recruited cases, 36 had TBM while 42 had non-tuberculous etiology. 32 of 36 TBM cases had CSF-ADA above cut-off 
value (10U/L) while only 3 out of 42 controls had levels above this. Serum ADA above cut-off (60U/L) was seen in 13 
TBM and 2 non-TBM cases. Mean CSF-ADA in cases (18.68±6.21 U/L) was significantly higher than in controls 
(5.98±2.75 U/L) (p<0.0001); however, serum ADA did not differ significantly between two groups (p=0.0631). CSF-ADA 
>10U/L showed 92.86% sensitivity and 88.89% specificity (area under ROC curve - 0.9742) in differentiating tuberculous 
from non-tuberculous meningitis; it also has 91.43% positive predictive value and 90.70% negative predictive value. Serum 
ADA >60IU/L has shown sensitivity of 95.24% with poor specificity of 33.33%. Conclusion: CSF-ADA estimation is of 
considerable value to diagnose TBM and to differentiate it from non-tuberculous meningitis but simultaneous estimation of 
CSF and serum ADA has no additional benefit.  
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Introduction 

Tuberculosis is a chronic infectious disease appropriately 
referred to as “Captain of ship of Death”, which can 
involve almost every organ of the body. Of these, 
neurotuberculosis is the most severe form of tuberculosis, 
and it still remains an important cause of morbidity and 
mortality despite availability of the effective treatment 
[1]. This is mainly due to the lack of a single sensitive 
and specific diagnostic test, which can detect tuberculous 
meningitis (TBM) at an early stage. Definitive diagnosis 
of is established by observation of acid fast bacilli in 
Ehrlich-Ziehl-Neelsen (EZN) stains of cerebrospinal 
fluid (CSF) and/or isolation of mycobacterium in CSF 
culture, which remains the gold standard to diagnose 
tuberculosis. Unfortunately, these tests are not very 
sensitive and the conventional culture methods take a 
long time (upto 4-6 weeks) to give results [2-4].  
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Outcome in TBM is strongly associated with the stage of 
disease at presentation. Therefore, early diagnosis and 
treatment of this disease can reduce mortality and sequel 
rates considerably. Studies are required to develop 
diagnostic methods, which can detect tuberculosis early 
and should be sensitive as well as specific enough. 
Adenosine deaminase (ADA) is an enzyme involved in 
purine catabolism leading to hydrolytic deamination of 
adenosine to inosine and ammonia secreted by 
monocytes, macrophages and T lymphocytes. Its 
production occurs to a greater extent by more 
differentiated or activated T-lymphocytes and an increase 
in plasma ADA levels is observed in diseases where the 
cellular immunity response is actively involved e.g. 
tuberculosis [3-4].  
 
Although, many studies have reported elevated CSF-
ADA levels in TBM [2,5-6], very few studied the role of 

simultaneous estimation of serum and CSF-ADA levels, 



September- October, 2014/ Vol 2/ Issue 5                                                                                          ISSN 2321-127X 

                                                                                                                                                                 Research Article                                                                                                                                        

International Journal of Medical Research and Review         Available online at: www.ijmrr.in     415 | P a g e              

especially in children [7-8]. Therefore, we conducted this 
prospective study with an aim to determine the usefulness 

of CSF and serum ADA levels to diagnose TBM and to 
differentiate it from non-tuberculous meningitis. 

Material & Methods 

This prospective study was conducted in the pediatrics 
department of a tertiary care teaching institution of 
central India over a period of 12 months. Clearance from 

the institutional ethics committee was obtained and 

written informed consent from the parents or legal 
guardians was obtained before recruitment. Patients 
admitted to pediatric ward with signs and symptoms of 
meningitis were included in the study and were divided 

into tuberculous and non-tuberculous meningitis 
according to the accepted criteria. Patients already 

receiving anti-tubercular therapy, patients with known 
diagnosis or having being readmitted were excluded from 
the study. 

 
Patient’s demographic details were collected in a pre-
designed proforma and details of thorough history and 
examination findings were also entered. Venous blood 

sample was collected by peripheral venepuncture and 
sent for routine blood investigations as well as to estimate 

serum ADA levels.  
 
Lumbar puncture was done under all aseptic precautions 
in each case to collect at least 2 ml of CSF in a sterile vial 
and was sent to laboratory for biochemical and 

microscopic examination by the personnel unaware of 
clinical diagnosis. Hemorrhagic CSF was excluded from 
the study. Both CSF and serum ADA activity was 
estimated in all these patients by the calorimetric method 
of Galanti and Guisti [18] and was expressed as U/L. 

Confirmed or probable TBM patients were taken as cases 
while the patients having features of meningitis but not 

fulfilling above mentioned criteria were taken as 
controls, which included patients with pyogenic 
meningitis, viral meningo-encephalitis, and cerebral 
malaria. TBM was confirmed by demonstration of acid 

fast bacilli in the CSF. Probable disease was diagnosed in 

the presence of essential plus two or more of the 
supportive criteria:  
 
Essential criteria: CSF WBC counts >100/mm3 and 
lymphocytic pleocytosis (> 60%), CSF protein >75 

mg/dL and low CSF glucose (<60% of matched plasma 

glucose). 
 
Supportive findings: Subacute or chronic outset and 
slow clinical progression, history of contact with 
tuberculosis, positive skin reaction (> 10 mm induration 

to 5 tuberculin unit purified protein derivative), 
generalized lymphadenopathy or histologically proven 

tuberculous lymphadenitis, positive radiological 
evidence of tuberculosis elsewhere in the body, CT scan 
evidence of basal exudates or CNS tuberculosis, isolation 

of AFB from gastric lavage or other sites.  
 
Results for the baseline characteristics and clinical data 

were described as mean ± SD with range and were 
compared between groups by independent t-test. To 

determine differences between groups in terms of ADA 
values, Mann-Whitney test was done.  
 
ROC curve analysis was performed to determine the cut-
off value for ADA to differentiate TBM and non-TBM 

groups. Statistical analysis was performed by SPSS 
(version 16.0) package program. Significance level was 
accepted as 5%. 

Results 

During the study period, total 78 cases were recruited with median age of 4.7 years (range 4 months to 12 years) and male: 
female ratio of 2.3:1. Of these, 36 cases fulfilled the criteria to be diagnosed as TBM while remaining 42 cases had non-

tuberculous meningitis {18 - pyogenic meningitis (PM), 15 - viral meningo-encephalitis (VM), and 9 - cerebral malaria 
(CM)}. Only one (2.78%) patient in 36 cases with TBM had evidence of presence of Mycobacterium.  
 

On taking 10 IU/L as cut-off value for CSF-ADA, 32 of the 36 tuberculous patients had values above the cut-off value, as 
against only 3 out of 42 non-tuberculous patients had high CSF-ADA values. Similarly, serum ADA was elevated in 13 

cases with TBM and 2 non-tuberculous patients above the cut-off value (60 IU/L) as shown in table 1. 
 
Mean CSF-ADA was significantly (p>0.0001) higher in patients with TBM (18.68±6.21, 95% CI - 16.65-20.71) than those 
with non-tuberculous meningitis (5.98±2.75, 95% CI - 5.15-6.81). However, serum ADA level showed only non-significant 
(0.0631) elevation in TBM patients (51.41±20.52, 95% CI - 44.71-58.11) in comparison to patients with non- 
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Table 1 – Number of patients with elevated CSF and Serum ADA levels 

Group Total no. of cases CSF ADA Serum ADA 

Raised % Raised % 

Tuberculous Meningitis 36 32 88.89 13 36.11 

Pyogenic Meningitis  18 2 11.11 2 11.11 

Viral Meningo-encephalitis  15 1 6.67 0 0 

Cerebral Malaria 9 0 0 0 0 

Total 78 35 44.49 15 19.23 

 
tuberculous meningitis (41.55±12.02, 95% CI - 37.91-45.19). Mean values for CSF and serum ADA in cases (TBM) and 
different groups of non-tuberculous patients (PM, VM and CM) are shown in table 2. CSF-ADA in TBM cases were 
significantly high in comparison to other three groups of non-TBM (p <0.0001). However, there was no significant 
difference was seen in serum ADA between TBM group and 3 groups of non-tuberculous meningitis patients separately 
(table 2).  
 
Table 2 – Serum and CSF ADA levels in different groups of patients  

Patients n  Range  
(Median) 

Mean ±SD  P - value  95% Confidence Interval 

Serum ADA levels (in U/L) 

Tuberculous Meningitis 36 20.2-108 (45.7) 51.41±20.52  44.71-58.11 

Pyogenic Meningitis  18 24-68.2 
(44.1) 

44.12±12.64 0.2677 38.29-49.97 

Viral Meningo-encephalitis 15 13.6-55.8 
(43.6) 

40.73±11.50 0.1508 34.91-46.55 

Cerebral Malaria 9 12.7-51.8 
(40.4) 

37.83±12.53 0.1251 29.64-46.02 

CSF ADA levels (in U/L) 

Tuberculous Meningitis 36 6.2-33.4 
(18.05) 

18.68±6.21  16.65-20.71 

Pyogenic Meningitis 18 3.1-14.5 
(6.1) 

6.82±3.27 <0.0001 5.31-8.33 

Viral Meningo-encephalitis 15 1.3-11.5 
(5.5) 

5.93±2.39 <0.0001 4.72-7.14 

Cerebral Malaria 9 2.2-6.1 
(4.1) 

4.41±1.32 <0.0001 3.55-5.27 

 
Following receiver-operating characteristic curves (ROC) analysis for ADA activity in TBM and non-TBM groups, and 
with a cut-off value >10 IU/L for CSF-ADA activity, it has 92.86% (95% CI – 80.52%- 98.50%) sensitivity and 88.89% 
(95% CI – 73.94%-96.89%) specificity for diagnosis of TBM. The area under the ROC curve (AUC) was 0.9742 (95% CI 
- 0.9458 to 1.003) (fig. 1).  
 
CSF-ADA level has positive predictive value 91.43% and negative predictive value 90.70%. Serum ADA has good 
sensitivity of 95.24% (95% CI – 83.84%-99.42%) for diagnosis of TBM on taking cut-off value at 60 IU/L but specificity 
reduced to 33.33% (95% CI – 18.56%-50.97%) only. The area under the ROC curve (AUC) was 0.6227 (95% CI - 0.4905 
to 0.7549) (fig. 2). Serum ADA has a positive predictive value of 87.50% and negative predictive value only 64.52%.  

Discussion 

There is considerable urgency in establishing the correct diagnosis of tuberculosis in patients with meningitis as treatment 
is most effective when instituted early in the course of the illness and delayed diagnosis may be associated with many 
serious CNS complications. The definitive diagnosis of TBM can be made by demonstration of tubercle bacilli in  
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Fig 1: Receiver Operating Curve for CSF-ADA level                Fig 2: Receiver Operating Curve for Serum ADA level 
(AUC - 0.9742)                                                                            (AUC - 0.6227) 

 
CSF either by smear and/or culture. However, direct CSF 
smear methods are often negative and culture 
confirmation is positive only in 25–75% of cases with a 
delay of 4–6 weeks to show the growth [5-7]. Newer 
diagnostic methods e.g. DNA-PCR and various 
immunoassays (to detect antigens and/or antibodies in the 
CSF) are also not reliable due to variable sensitivity and 
specificity, insufficient available data as well as limited 
availability in the developing countries [8-13]. Hence, 
despite extensive work on TBM, a simple, rapid and 
sensitive test to establish an early diagnosis is still 
needed.  
 
ADA has been considered as a marker of cell-mediated 
immunity. As both humoral and cell-mediated immunity 
play an important role in TBM, it has been suggested that 
estimation of CSF-ADA levels may help differentiate 
TBM from other infectious meningitis or non-infectious 
neurological disorders [14-19]. 
 
However, cut-off values of CSF-ADA activity and their 
sensitivity and specificity rates varied widely in different 
reports. Recently, authors of a meta-analysis evaluating 
ten studies reported that cut-off values for CSF-ADA in 
TBM were variable between 8.5–15.5 with sensitivity 
varying between 50–100% and specificity between 60-
100% [20].  
 
Different values for CSF-ADA in various studies may 
due to be study method, gender, age and race factors as 
well as the disease stage during which ADA is 
determined. Therefore, multicentre studies in different 
populations are needed to determine the standard CSF-
ADA levels. 

In our study, sensitivity of the CSF-ADA test was 
92.86% and specificity was 88.89% on accepting the cut-
off value of CSF-ADA activity as 10.0 IU/L for TBM and 
non-TBM differentiation. On the other hand, serum ADA 
showed sensitivity of 95.24% for diagnosis of TBM but 
specificity reduced to 33.33% on accepting the cut-off 
value as 60.0 IU/L. only few studies evaluated the role of 
simultaneous estimation of serum and CSF-ADA for the 
diagnosis of TBM with conflicting results [7-8].  
 
Our study results are supported by the study conducted 
by Donald et al [7], where they found raised mean values 
of CSF-ADA and CSF/plasma ADA ratio in TBM (12.61 
U/L and 0.24 respectively) and bacterial meningitis 
(15.43 U/L and 0.59 respectively) both. Both values were 
able to distinguish TBM from aseptic meningitis, but 
showed no added advantage over the CSF-ADA alone in 
the diagnosis of TBM.  
 
On the contrary, Chaturvedi et al [8] reported that the 
specificity and sensitivity for CSF-ADA were 86 and 
87%, respectively on using the CSF-ADA value of 17.06 
IU/L as cut-off value while specificity and sensitivity for 
serum ADA were 83 and 96% respectively on using a cut-
off value 31.23 IU/L.  
 
They have suggested that simultaneous estimation of 
serum and CSF-ADA have an added advantage to 
differentiate between TBM and pyogenic meiningitis. 
Another recently conducted study involving adult 
patients showed increased specificity (from 92% to 97%) 
of combined serum and CSF ADA values in comparison 
to CSF-ADA alone. These different results can due to be 
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the different study method, age and the disease stage 
during which ADA was determined. 

Conclusion 

Measurement of CSF-ADA is a simple, cost-effective 
and reliable biochemical test to differentiate TBM from 
non-tuberculous meningitis. On the other hand, 
simultaneous estimation of serum and CSF ADA 
measurement has no added advantage over CSF-ADA 
alone.  
 
Thus, CSF-ADA estimation can be a useful tool to 
diagnose TBM cases especially in resource-limited 
countries like India where the incidence of tuberculosis is 
high and availability of other diagnostic tests for 
tuberculous meningitis is limited. 
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