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Abstract

Tuberculous meningitis (TBM) causes high mortality and serious complications due to
delayed early diagnosis. This study evaluated a diagnostic value of adenosine deaminase activity
(ADA) in cerebrospinal fluid (CSF) as a rapid screening test for TBM. Totally 121 patients with
suspected symptoms of meningitis were included with 55 cases of TBM and 66 cases of non-TBM.
With good performance verification of Diazyme enzymatic method used, ADA activity at a cut
off value of 4.35 U/L was able to differentiate TBM from non-TBM by exhibiting a sensitivity
of 89.1%, specificity of 80.3%, positive predictive value (PPV) of 79.0% and negative predictive
value (NPV) of 89.8%. The mean ADA value was significantly higher (p-value < 0.05) in TBM
patients (9.65 * 8.37 U/L; mean * SD) than in non-TBM patients (4.08 * 8.13 U/L; mean
+ SD). The combination of ADA test and CSF examination increased the sensitivity to 96.3%
and had a specificity of 63.6%. In conclusion, determination of cerebrospinal fluid, ADA can be
useful for rapid screening in early diagnosis of TBM because the assay is simple, inexpensive

and reliable.
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=6.2 (4.4 - 13.3) U/L, possible TBM, mean *
SD =8.95 + 7.25 U/L, median (min - max) =
6.8 (2.8 - 35.4) U/L) éauaasly Table 1 ag
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BM = bacterial meningitis, CM = cryptococcal meningitis, VM = viral meningitis

TBM = tuberculous meningitis, NFM = non-infective meningitis

Fig. 1

Box plots of CSF-ADA activity (U/L) distribution in tuberculous and non-tuberculous

meningitis. The plots show the go™" percentile (bars), 75" and 25" (box) and median (bar

in box). Continuous line represents the best ADA cut off value.
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4.35 U/L ®angile1 mean = SD = 1.35 £0.94
U/L, median (min - max) = 1.20 (0.10-3.5)
U/L, NFM dlszéius ADA < 4.35 U/L $1u3u
14 519 #if mean * SD = 1.82 + 1.91 U/L,
median (min - max) = 0.95 (0.10-6.2) U/L
faudaslu Table 1

Table 1 Descriptive statistics and results for ADA activity in CSF between TBM and non-TBM group

Groups Mean = SD Median (min - max)
(U/L) (U/L)
TBM (n = 55) 9.65 = 8.37 6.80 (2.8-50.1)
- Definite (7) 16.93 + 16.15 10.0 (5.5-50.1)
- Probable (15) 7.52 + 2.83 6.20 (4.4-13.3)
- Possible (33) 8.95 + 7.25 6.80 (2.8-35.4)
Non-TBM (n = 66) 4.08 = 8.13 1.85 (0.10-46.9)
-CM (n=18) 3.18 + 2.31 2.25 (0.50-9.30)
-VM (n =23) 1.35 + 0.94 1.20 (0.10-3.50)
-BM(n=9) 16.91 £ 5.76 8.40 (1.90-46.9)
- NFM (n = 16) 1.82 + 1.91 0.95 (0.10-6.20)

BM = bacterial meningitis, CM = cryptococcal meningitis, VM = viral meningitis

TBM = tuberculous meningitis, NFM = non-infective meningitis

Non-TBM = non tuberculous meningitis
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1) Mmsma1 ADA cut off
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L
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Waz Fig. 2
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%ammmzszmnnq'u TBM wa¢ non-TBM lng
1%afi@ Kruskal-Wallis test uaz Mann-Whitney
U test MUAAL WUNAANNUANA190E19H1TE
ddai p = 0.001 (p < 0.05) uazild mean,
median fiuansafy Tngngu VM, CM uaz
NFM #if1 mean fieenit TBM diungy BM
WUNA mean uaz median NAAIINGN TBM

fauaaslu Table 1 uag Fig. 1
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ROC Curve
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1 - Specificity
Diagonal segments are produced by ties.
Asymptotic Asymptotic 95% Confidence Interval
Area Std. Error® b
Sig. Lower Bound Upper Bound
0.881 0.035 0.001 0.792 0.930

Fig. 2 The receiver-operating characteristic (ROC) analysis curve for ADA in tuberculous meningitis
and non-tuberculous meningitis; ADA cut off values = 4.35 U/L, AUC = 0.881
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off Ay gold standard way ICD-10
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fthe non-TBM ¥ nunavna 59 1o Faily
#1he non-TBM 133 53 91¢ uaziihy TBM
6 1o amnalamanuhiesaz 89.1 anudmne
$avay 80.3 mweInsainavIniesas 79.0 uaz
mnensainaaviosas 89.8 daudasly Table 3

a d 1% 1%

4) MINATNTAANUADAANDIAIY Kappa
statistics
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ADA cut off = 4.35 U/L fiu gold standard ag
ICD-10 ¢o Kappa statistic Téen Kappa=0.66
4! 1 s =< A
Faaglusravthunananan

5) Simultaneously testing

910 Table 3 1ol¥ CSF examination
laud msasianglad TUsAu wazmsivuen
yiavedwad (differential cell count) a1Tu

screening test luaudszdiunesedane)
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Table 2 The effect of different cut-off values of ADA activity on sensitivity and specificity by using

ROC curves
ADA cut off ADA cut off
Sensitivity Specificity Sensitivity Specificity
value (U/L) value
2.75 100.0 65.2 9.00 38.2 92.7
3.10 98.2 68.2 10.10 34.5 93.9
4.10 89.1 77.3 11.10 265 93.9
*4.35 *89.1 *80.3 12.10 20.0 93.9
4.65 80.0 81.8 12.90 18.2 93.9
5.10 74.5 86.4 14.20 10.9 93.9
5.60 69.1 87.9 21.40 7.8 95.5
6.10 60.0 89.4 28.10 5.5 97.0
7.00 47.3 90.9 33.30 3.6 97.0
7.95 41.8 90.9 44.30 1.8 98.2
8.80 38.2 92.4 48.50 1.8 100.0

* the best ADA cut off value

Table 3 Performance of the best ADA cut off and simultaneous testing for TBM

Simultaneous testing
TBM

Test (ADA + CSF examination)

Sens | Spec | PPV | NPV | Kappa | Net-Sens Net-Spec

ADA cut off 4.35 U/L 89.1 | 80.3 79 89.8 0.66

96.3 63.6

CSF examination 67.2 66.6 62.7 70.9 0.32

Sens = sensitivity, Spec= specificity, Net-Sens = net sensitivity, Net-Spec= net specificity
Kappa statistics (Landis & Koch,1997)
0.81-1.00 (excellent), 0.61-0.80 (good), 0.41-0.60 (moderate), 0.21-0.40 (fair)
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