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INTRODUCTION

The diagnosis of tuberculous pleural
effusion is important because tuberculosis is
normally a treatable cause of exudative lym-
phocytic pleural effusion (David et al, 1987;
Ferrer, 1997). Other differential diagnosis of
exudative lymphocytic pleural effusions are
malignancy, fungal infection, melioidosis,
sarcoidosis, and connective tissue diseases (Yam,
1967; Reechaipichitkul et al, 1999). The primary
difficulty in getting a diagnostic confirmation
of tuberculous pleural effusion is the identi-
fication of mycobacteria in the pleural fluid
(<50%) (Berger and Mejia, 1973; Epstein et
al, 1987; Bueno et al, 1990). Pleural biopsy
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Abstract. Between June 1998 and June 2000, 132 consecutive patients with symptomatic exu-
dative lymphocytic pleural effusion were studied to evaluate the diagnostic role of pleural fluid
adenosine deaminase (ADAPF) levels. The mean age was 52.2 (SD 16.3) years. The male to
female ratio was 1.4:1. The analysis of ADAPF levels was measured base on Giusti’s method.
Tuberculous pleural effusion was diagnosed in 50 patients (37.9%). Another 59 patients (44.7%)
had malignancies, 23 patients (17.4%) had miscellaneous other etiologies (including; 19 with
chronic inflammations, 3 with melioidosis, and 1 with systemic lupus erythrematosus). The
percentages of pleural fluid lymphocytes and pleural fluid protein in the tuberculous pleural
effusion were similar to those with malignancies, but higher than those in the miscellaneous
group. The mean value of ADAPF in the tuberculosis group was 93.2 (SD 56.5) U/l, which was
significantly higher than for the malignancy and miscellaneous groups (p<0.05, one-way ANOVA).
The mean values of ADAPF in the malignancy group were 36.7 (SD 39.2) U/l, and 31.3 (SD
23.4) U/l in miscellaneous group. Three patients were diagnosed with melioidosis and had
ADAPF levels of 15, 46.9, and 49.8 U/l, respectively. One patient with systemic lupus erythrematosus
had ADAPF levels of 24.1 U/l. A receiver operating characteristic (ROC) curve identified ADAPF
level of 48 U/l as the best cut-off value, which in turn yielded a sensitivity of 80% (95% CI,
73 to 87%) and specificity of 80.5% (95% CI, 73.6 to 87.4%). The positive and negative
predictive values at this cut-off value were 71.4% and 86.8%, respectively. The likelihood ratios
for the diagnosis of tuberculous pleural effusion in patients with ADAPF levels less than 45 U/
l were 1:4, between 45 and 100 U/l were 5:2, and greater than 100 U/l were 7:1. We concluded
that ADAPF levels are a useful diagnostic test for tuberculous pleural effusion. In addition, The
analyis of ADA levels can be done simply, quickly, and cheaply.

is usually the main diagnostic support in 51
to 88% of cases (Epstein et al, 1987; Bueno
et al, 1990; Seibert et al, 1991), but its invasive
nature and the difficult technique that limits
its practice, especially in children (Merino et
al, 1999). Many biologic parameters have
been introduced. One such marker is adenos-
ine deaminase (ADA), which has been pro-
posed as a useful diagnostic tool (Antony,
1996; Valdes et al, 1998; Light, 1998) be-
cause ADA levels can be ascertained quickly
and cheaply (Gakis, 1996; Light, 1998; Perez-
Rodriguez et al, 2000).

In Srinagarind Hospital, pleural tubercu-
losis accounts for 37% of exudative lympho-
cytic pleural effusion (Reechaipichitkul et al,
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1999). Other than malignancy, melioidosis is
one of the differential diagnosis. Previous
reports of ADA levels for this infection have
not been published. The purpose of our study
is to define the diagnostic role of pleural fluid
ADA (ADAPF) in areas where tuberculosis
and melioidosis are prevalent, and what the
optimum cut-off levels should be.

MATERIAL AND METHODS

Between June 1998 and June 2000, 132
consecutive patients with symptomatic exuda-
tive lymphocytic pleural effusion according
to Light’s criteria (Heffner et al, 1997) were
studied. Informed consent was obtained be-
fore beginning the study. Patients with bleed-
ing tendency were excluded. A detailed his-
tory, a thorough physical examination, and a
chest radiograph were taken of each patient.
A standard diagnostic thoracocentesis was per-
formed. In cases of free-flow pleural tapping,
three pieces of pleural biopsy by Abram’s
needle was taken for histopathologic exami-
nation.

Pleural fluid was sent for conventional
diagnosis, including gram staining, AFB staining,
aerobic culture, culture for Mycobacterium
tuberculosis on Lowenstein-Jensen media, and
cytology. Ten milliliters of additional pleural
fluid was sent for ADA assay, using Giusti’s
method (1974). The laboratory technician was
blinded to the tentative diagnosis of each
patient; furthermore, the clinicians were un-
aware of the ADAPF levels when the diag-
noses were assigned.

Diagnostic classification

A diagnosis of tuberculous pleural effu-
sion was defined by positivity of any one of
the following : 1) Mycobacterium tuberculo-
sis identified in a culture of the pleural fluid
and/or sputum; 2) Caseating granulomas in
the absence of any clinical evidence of sar-
coidosis, tularemia or fungal infection in the
pleural tissue; 3) A response to antitubercu-
lous drugs revealed by an improvement of
clinical symptoms and/or a clearing of chest

radiograph.

A malignancy was diagnosed when neo-
plastic pleural tissue and/or fluid cytology
were identified. Melioidosis was diagnosed
when pleural fluid and/or hemoculture iso-
lated Burkholderia pseudomallei. Other diag-
noses depended on the final outcome of
investigation.

Ethics

This research was approved by the Ethics
Committiee of the Faculty of Medicine, Khon
Kaen University.

Statistical analysis

Means and standard deviations were given
for continuous data, and number and percent-
ages were given for catecorical data. Group
comparisons were made using a one-way
ANOVA for continuous variables, and χ2 test
for catecorical variables. P-values <0.05 were
considered significant.

Following standard definitions, sensitiv-
ity and specificity of ADAPF were calculated
by 2x2 table at each level. The best cut-off
value was selected using a receiver operating
characteristic (ROC) curve. The sensitivity
(95% CI), specificity (95% CI), positive and
negative predictive value at this cut-off value
were calculated. The likelihood ratio of this
diagnostic test was also calculated.

RESULTS

During the study period, 132 patients
with exudative lymphocytic pleural effusion
were investigated. Tuberculous pleural effu-
sion was diagnosed in 50 patients (37.9%).
Other causes of exudative lymphocytic pleu-
ral effusion were malignancy (44.7%), chronic
nonspecific inflammation (14.4%), melioido-
sis (2.3%), and systemic lupus erythrematosus
(0.7%) (Table 1). Of the 50 patients diag-
nosed with tuberculosis, the pleural biopsy
exhibited granulomatous inflammation in 48%
of them, pleural fluid staining was positive
in 6%, pleural fluid culture for M. tubercu-
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Table 1
Etiology of exudative lymphocytic pleural

effusion.

Number
of patients

Tuberculosis 50 37.9
Malignancy 59 44.7
Miscellaneous
-Chronic nonspecific inflammation 19 14.4
-Melioidosis 3 2.3
-Systemic lupus erythrematosus 1 0.7

Total 132 100

Table 2
Clinical and pleural fluid profiles of patients.

Patient characteristics Tuberculosis Malignancy Miscellaneous p-value

No. of patients 50 59 23 -
Age, year 49.6 (16.9) 53.9 (15.0) 53.3 (17.9) 0.35
Male : female ratio 31 : 19 34 : 25 12 : 11 0.72
Leukocytes, cells/µl 1,992.4 1,673.1 1,152 0.38
Lymphocytes, % 78.8 (28) 75.1 (16.1) 63.6 (22.9) 0.01*
LDH, IU/l 558.0 696.3 413.2 0.35
Protein, g/dl 5.3 (1.07) 4.7 (1.3) 4.2 (1.9) 0.007*

*p-value < 0.05 (One - way ANOVA for continuous variables, χ2 test for catecorical variables)

losis was positive in 16%, and all of the
patients clinical symptoms subsided after taking
antituberculous drugs. The demographic data
and pleural fluid profiles of the patients were
summarized in Table 2. The mean age, male
to female ratio, pleural fluid leukocytes and
LDH levels did not significantly differ among
patients with tuberculous pleural effusion,
malignancy, and miscellaneous etiologies. The
percentage of lymphocytes and pleural fluid
protein in tuberculous pleural effusion were
similar to malignancy, but higher than miscel-
laneous group.

Pleural fluid ADA levels were signifi-
cantly higher (p<0.05, one-way ANOVA) in
patients with tuberculous pleural effusion than
in any other groups (Fig 1). The mean values
of ADAPF were 93.2 (SD 56.5) U/l in pa-
tients with tuberculous pleural effusion, 36.7
(SD 39.2) U/l in those with a malignancy, and
31.3 (SD 23.4) U/l in the miscellaneous group
(Table 3). Only 3 patients were diagnosed as
having melioidosis. ADAPF levels in these
three patients were 15, 46.9, 49.8 U/l respec-
tively. One case with systemic lupus erythre-
matosus had ADAPF levels 24.1 U/l.

The ROC curve identified ADAPF levels
of 48 U/l as the best cut-off value (Fig 2).
The area under ROC curve was equal to
86.2%. At this cut-off for patients with tu-
berculous pleural effusion, the sensitivity of
ADAPF was 80% (95% CI, 73 to 87%) and
specificity was 80.5% (95% CI, 73.6 to 87.4%).
Whereas, the positive and negative predictive

Tuberculosis Malignancy Miscellaneous
(n=50) (n=59) (n=23)
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Fig 1–ADAPF levels in 132 patients with various final
diagnosis.
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Table 3
Pleural fluid ADA levels of each group.

Etiology Pleural fluid ADA 95% CI
levels (U/l)

Tuberculosis 93.2 (56.5) 77.1-109.2
Malignancy 36.7 (39.2) 26.5-47.0
Miscellaneous 31.3 (23.4) 21.2-41.5

p<0.05 (One-way ANOVA)

Table 4
The likelihood ratio of this diagnostic test.

ADAPF levels (U/l) Likelihood ratio

<45 1:4
45-100 5:2
>100 7:1

Sensitivity (%)

1-Specificity (%)

100 -

90 -

80 -

70 -

60 -

50 -

40 -

30 -

20 -

10 -

0 10 20 30 40 50 60 70 80 90 100

Fig 2–An ROC curve showing sensitivity and 1-speci-
ficity at various cut-off values for ADAPF (in
paracentesis was sensitivity and specificity).

values at this cut-off value were 71.4% and
86.8%, respectively.

The likelihood ratio of this diagnostic
test was also calculated (Table 4). The like-
lihood ratio for the diagnosis of tuberculous
pleural effusion in patients with ADAPF levels
less than 45 U/l were 1:4. Similarly, the
likelihood ratio for ADAPF levels between 45
and 100 U/l were 5:2, and the likelihood ratio
for ADAPF levels greater than 100 U/l were
7:1.

DISCUSSION

Exudative lymphocytic pleural effusions
are commonly encountered in clinical prac-
tice but they often constitue difficult diagnos-
tic problems. The two most common causes
are malignancy and tuberculous effusions (Valdes
et al, 1996). In northeast of Thailand, melioi-
dosis is one of subacute infections which

mimic tuberculosis (Chaowagul et al, 1994).
The attempt to diagnose these conditions is
to be proper management of the treatable
diseases, such as tuberculosis and melioido-
sis. For tuberculosis, the limitation of diag-
nostic tests are few positive staining and culture
from pleural fluid, and time consuming for
identification (Roth, 1999).

Adenosine deaminase is considered an
indicator of cell-mediated immunity and is
found mainly in T lymphocytes and macroph-
ages (Piras et al, 1978). Since the initial
proposal of Piras et al, many studies have
confirmed the utility of ADA for diagnosis of
tuberculous pleural effusion (Ocana et al, 1983;
Banales et al, 1991; Valdes et al, 1993; 1995;
Ungerer et al, 1994) though some have
questioned its diagnostic value (van-Keimpema
et al, 1987; Maartens et al, 1991; Rodriguez
et al, 1993; Sahoo, 1994). The discrepancy
of the ADAPF cut-off values depended on
characteristic of the populations studied.

In our study, we investigated 132 cases
of exudative lymphocytic pleural effusions.
Our findings seem to confirm that ADA activity
is a useful parameter for the diagnosis of
tuberculous efftusion. The mean levels of pleural

l l l l l l l l l l
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ADA in tuberculous effusion were higher than
in any other group. Some cases in the ma-
lignancy group also had high levels of ADAPF
(the maximum ADAPF for a malignancy was
206.7 U/l in a non-Hodgkin’s lymphoma which
responded to chemotherapy). Only three cases
of exudative lymphocytic pleural effusion were
according to melioidosis. The ADAPF ranged
from 15 to 49.8 U/l, may be small number
of the patients. Since, it had some overlap-
ping of ADAPF levels among these condi-
tions. Rodriguez et al (1993) reported very
high levels of ADAPF due to bronchoalveolar
carcinoma, while van-Keimpema et al (1987)
reported high levels for mesothelioma, Valdes
et al (1995) for those with lymphoma, and
Orriols et al (1992) for those with psittacosis.
No previous studies reported about ADAPF
levels due to melioidosis. Nevertheless, tuber-
culosis is the leading cause of exudative
lymphocytic pleural effusion in the high
prevalence of tuberculosis and melioidosis
infection. It may be careful to use ADAPF
levels for differential diagnosis between tu-
berculosis and melioidosis. Only one patient
in this study was diagnosed systemic lupus
erythrematosus and had low levels of ADAPF,
which was the same as previously reported
(Valdes et al, 1995).

Many studies have reported the utility of
ADA in the diagnosis of tuberculous pleurisy
with a wide range of cut-off values (ie, from
40 to 70 U/l) (Table 5). In our study, based

on the ROC curve, an ADAPF levels of 48
U/l was the most suitable cut-off value yield-
ing a sensitivity of 80% (95% CI, 73 to 87%)
and a specificity of 80.5% (95% CI, 73.6 to
87.4%) for diagnosis of patients with tuber-
culous pleural effusion. The explanation for
the variability could be differences in : 1) the
population, 2) the diagnostic criteria for tu-
berculous pleural effusion, and/or  3) the method
of ADAPF analysis. In our study, we inculded
symptomatic exudative lymphocytic pleural
effusion patients and used Giusti’s colorimet-
ric method for the measurement ADA levels.
We also calculated the likelihood ratio of this
diagnostic test. We found that if ADAPF levels
were high, the likelihood ratio for the diag-
nosis of tuberculous pleural effusion was higher.

In conclusion, the diagnosis of tubercu-
lous pleural effusion should be excluded in
every patient with exudative lymphocytic pleural
effusion. Patients with tuberculous pleural
effusion tend to have high levels of ADA in
their pleural fluid. The measurement of ADA
levels provides simple alternative to needle
biopsy of the pleural for establishing the
diagnosis of tuberculous pleural effusion. In
addition, the analysis of ADA levels requires
only a few hours and a lower cost compared
with other diagnostic test. The delay in es-
tablishing diagnosis of this condition increases
patient morbidity. Interpretation of ADAPF
results must take into account the overall
clinical setting.

Table 5
The utility of ADAPF levels in diagnosis of tuberculous pleural effusion.

Authors Year Cut-off ADAPF (U/l) Sensitivity Specificity
(%) (%)

De Oliveira et al 1994 40 91 96
Perez-Rodrigues et al 1995 40 88 97
Ocana et al 1983 45 100 97
Maartens et al 1991 45 77 83
Valdes et al 1993 47 100 95
Our study 2001 48 80 80.5
Burgess et al 1996 50 91 81
Riantawan et al 1999 60 95 96
Banales et al 1991 70 98 96
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