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ABSTRACT:  The rise in adenosine deaminase (ADA) activity in the pleural fluid
of tuberculous pleurisy patients, though used for diagnosis, is of unknown origin.
In this work, we determined ADA activity and the activities of 2'-deoxyadenosine
deaminase and ADA-2 in 350 patients. We also considered whether the results throw
light on the origin of high pleural fluid ADA in tuberculous pleurisy and estimat-
ed the diagnostic efficiency of 2'-deoxyadenosine deaminase, ADA-2 and total ADA
activities with and without the inclusion of the 2'-deoxyadenosine deaminase/ADA
activity ratio in a combined criterion.

The 350 pleural effusions were classified by previously established criteria as tran-
sudates (60 males/18 females) or as tuberculous (49 males/27 females), neoplastic
(50 males/39 females), parapneumonic (36 males/19 females), empyematous (11 males/
3 females), or miscellaneous (25 males/13 females) exudates. Total ADA, ADA-2 and
2'-deoxyadenosine deaminase activities were, respectively, 127.5±2.9, 103±29.5 and
42.8±14 U·L-1 in tuberculous exudates. With diagnostic thresholds of 47, 40 and 22
U·L-1 respectively, the sensitivities of ADA, ADA-2 and 2'-deoxyadenosine deami-
nase for tuberculosis were 100, 100 and 95%; their specificities 91, 96 and 92%;
and their efficiencies 93, 97 and 93%, respectively.  One hundred and one effusions
(all 76 tuberculous, 12 neoplastic, 4 parapneumonic and 9 empyematous exudates)
had total ADA levels >47 U·L-1; of these, 8 neoplastic, 1 parapneumonic and all the
tuberculous exudates had a 2'-deoxyadenosine deaminase/ADA activity ratio <0.49.
The criterion of simultaneously having ADA >47 U·L-1, ADA-2 >40 U·L-1 and a 2'-
deoxyadenosine deaminase/ADA activity ratio <0.49 was satisfied by all the tuber-
culous effusions but only eight others (all neoplastic) (sensitivity 100%, specificity
97%, efficiency 98%).

We conclude that:  1) high total ADA activity in tuberculous pleural effusions is
due mainly to an increase in ADA-2, and, therefore, originated from the only known
source monocytes and macrophages;  2) ADA-2 was a more efficient diagnostic
marker of tuberculous pleurisy than total ADA activity, although the difference was
not statistically significant;  and 3) among effusions with high total ADA the 2'-
deoxyadenosine deaminase/ADA activity ratio differentiates tuberculous effusions
from empyemas and parapneumonic effusions, but fails to discriminate well between
tuberculous and neoplastic effusions.
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Adenosine deaminase (ADA) catalyses the conversion
of adenosine to inosine, a stage of purine metabolism.
Since 1978, when ADA activity was found to be high
in tuberculous pleural exudates [1], ADA has been used
in the diagnosis of tuberculous pleural effusions [2–5];
overall, its sensitivity in this role has been 99% and its
specificity 93% [6].  High ADA levels can also be found
in pleural effusions secondary to other processes or lesi-
ons, especially pneumonia, empyema, lymphoma, neopla-
sia and systemic lupus erythematosus [6].

ADA has two principal isoenzymes, ADA-1 and ADA-
2, which have different optimal pH, Michaelis constants
and relative substrate specificity patterns [7]. ADA-1

has roughly equal affinities for adenosine and 2'-de-
oxyadenosine, with a 2'-deoxyadenosine deaminase/
ADA activity ratio of approximately 0.75; it is found
in many tissues. ADA-2 has much greater affinity for
adenosine (2'- deoxyadenosine deaminase/ADA activity
ratio approximately 0.25), and is found only in macro-
phages [8], which release it when stimulated by the pre-
sence of live micro-organisms in their interior [9]. The
high ADA activities in tuberculous pleural effusions
are largely due to ADA-2, in view of which GAKIS and
co-workers [10] have proposed that a low 2'-deoxy-
adenosine deaminase/ADA activity ratio be used as a cri-
terion for distinguishing between tuberculous pleural



effusions and other effusions with high total ADA activ-
ity.

In this work, we determined ADA activity and the
activities of 2'-deoxyadenosine deaminase and ADA-2 in
350 pleural effusions; considered whether the results
threw light on the origin of high ADA activity in tuber-
culous pleurisy; and estimated the diagnostic efficiencies
of 2'-deoxyadenosine deaminase, ADA-2 and total ADA
activity with and without the inclusion of the 2'-deoxy-
adenosine deaminase/ADA activity ratio in a combined
criterion.

Materials and methods

We studied 350 consecutive cases of patients admitted
to our centre on account of a pleural effusion for which
a definitive diagnosis was ultimately reached.  The diag-
nostic criteria used were as follows.  Congestive heart fail-
ure: compatible clinical and radiological findings, remis-
sion upon appropriate treatment, and absence of pulmonary
infiltrates, chest pain, thrombophlebitis and purulent spu-
tum.  Tuberculosis: presence of acid-fast bacilli in pleural
fluid or biopsy tissue, or presence of necrotic caseous
granulomas in biopsy tissue. Neoplasia: neoplastic tissue
found in the pleural cavity by means of biopsy and/or cy-
tology. Parapneumonic origin: association with pneumo-
nia, lung abscess or bronchiectasis.  Empyema: presence
of purulent fluid, or positive culture of parapneumonic
effusion. Miscellaneous exudates: pulmonary thrombo-
embolism, surgery, systemic lupus erythematosus, pan-
creatitis, pleuropericarditis, hypothyroidism, yellow nail
syndrome, chylothorax, haemothorax, Meigs' syndrome
and benign asbestosis were also identified as causes of
pleural effusions following pre-established criteria [11].
On the basis of these diagnoses, six groups were distin-
guished: Group I, transudates (n=78, 60 males/18 females,
aged 71±11 yrs); Group II, tuberculous exudates (n=76,
49 males/27 females, aged 34±18 yrs); Group III, neo-
plastic exudates (n=89, 50 males/39 females, aged 65±14
yrs); Group IV, parapneumonic exudates (n=55, 36 males/
19 females, aged 66±18 yrs); Group V, empyemas (n=14,
11 males/3 females, aged 52±18 yrs); and Group VI, mis-
cellaneous exudates (n=38, 25 males/13 females, aged
54±19 yrs); (table 1). All patients were immunocompe-
tent.

Pleural fluid and blood samples were taken at the same
time from fasting patients.  Both samples were centrifu-
ged for 10 min at 1,000 × g, and the supernatants were
stored at -40°C pending assay.  Pleural biopsies were
performed with a COPE needle [12] or ABRAMS needle
[13], except when a transudate was suspected.

ADA and 2'-deoxyadenosine deaminase activities were
determined colorimetrically as per GIUSTI [14], ADA iso-
enzymes being distinguished by their different affinities
for adenosine and 2'-deoxyadenosine. Briefly, duplicate
25 µL samples were incubated for 60 min at 37°C with
500 µL of 21 mM adenosine (one sample) or 21 mM 2'-
deoxyadenosine (the other) in 50 mM phosphate buffer
[15], and the ammonium ion released was determined
by reaction for 30 min with 1.5 mL of phenol nitroprus-
side (106 mM phenol plus 0.17 mM sodium nitroprus-
side) in the presence of 1.5 mL of sodium hypochlorite
(11 mM NaOCl plus 125 mM NaOH), absorption at 628

nm then being read in a spectrophotometer.  To control
for ammonium present before addition of exogenous ade-
nosine, untreated samples were run in parallel.  Estima-
ted ADA-2 activity was calculated from the ADA and
2'-deoxyadenosine deaminase activities using the affi-
nity of ADA-2 for the two substrates [15].  The results
were expressed in U·L-1.

Statistical analysis

Distributions were deemed normal or non-normal on
the basis of their skew and kurtosis. The statistical sig-
nificance of differences between means was estimat-
ed using Student's t-test for normal distributions and
Wilcoxon's rank sum test otherwise. The diagnostic
value of the parameters studied was assessed in terms
of sensitivity, specificity and efficiency. The diagnos-
tic thresholds for each diagnostic parameter considered
were defined as the values affording greatest diagnos-
tic efficiency.

Results

Table 2 lists the means and standard deviations of
total ADA, ADA-2 and 2'-deoxyadenosine deaminase
activities in pleural fluid for each group of patients stud-
ied. The intermean differences between the tuberculous
group and each of the others are statistically significant
for all three parameters (p<0.05 for 2'-deoxyadenosine
deaminase with respect to the neoplastic group; p<0.001
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Table 1.  –  Aetiology of pleural effusions

Aetiology Sex Age*
M:F ratio yrs n

Transudates 3.3 71±11 78
Heart failure 61
Liver cirrhosis 10
Superior vena cava syndrome 3
Hypoalbuminaemia 3
Massive atelectasis 1
Tuberculosis 1.8 34±18 76
Neoplastic 1.3 65±14 89
Metastasis 55
Lymphoma 16
Chronic lymphatic leukaemia 3
Mesothelioma 2
Undetermined 13
Parapneumonics 1.9 66±18 55
Empyema 3.6 52±18 14
Miscellaneous 1.9 54±19 38
Pulmonary thromboembolism 11
Postsurgery 10
Systemic lupus erythematosus 5
Pancreatitis 4
Pleuropericarditis 2
Hypothyroidism 1
Yellow nail syndrome 1
Cylothorax 1
Haemothorax 1
Meigs' syndrome 1
Benign asbestosis 1

*: mean±SD



otherwise), except for total ADA and 2'-deoxyadenosine
deaminase activities with respect to the empyema group.

Figure 1 shows the total pleural ADA activities of each
group of patients.  All the tuberculous effusions had total
ADA activities of 47 U·L-1 or more, whereas 77 of the
89 patients with neoplastic disease, 51 of the 55 cases
of parapneumonic effusion, 5 of the 14 empyema cases
and all transudates and miscellaneous cases had total
ADA activities below this level.

Figure 2 shows the pleural ADA-2 activities of each
group of patients studied.  All the tuberculous effusions
had pleural ADA-2 activities of 40 U·L-1 or more, where-
as in 81 of the 89 neoplastic cases, 11 of the 14 empye-
ma cases and all transudates and parapneumonic and
miscellaneous cases pleural ADA-2 activity was below
this level.

Figure 3 shows the pleural 2'-deoxyadenosine deami-
nase activities of each group of patients studied. For a
threshold of 22 U·L-1, 72 of the 76 tuberculous effusions
were positive, whilst 81 of the 89 cases of neoplastic
disease, 53 of the 55 parapneumonic effusions, 3 of the
14 empyema cases and all transudates and miscellaneous
cases were negative.

The sensitivities of total ADA activity, ADA-2 and 2'-
deoxyadenosine deaminase for tuberculosis were 100,
100 and 95%, respectively; their specificities 91, 96 and
92%; and their efficiencies 93, 97 and 93%. The 4% dif-
ferences between the efficiency of ADA-2 and those of
2'-deoxyadenosine deaminase and total ADA activity
were not statistically significant.

One hundred and one effusions (all 76 tuberculous, 12
neoplastic, 4 parapneumonic and 9 empyematous exud-
ates) had total pleural ADA activities >47 U·L-1; of these,
8 neoplastic, 1 parapneumonic and all the tuberculous
exudates had a 2'-deoxyadenosine deaminase/ADA acti-
vity ratio <0.49 (sensitivity 100, specificity 64 and effi-
ciency 91% for tuberculosis among high-ADA effusions)
(fig. 4).

The criterion of simultaneously having total ADA acti-
vity >47 U·L-1, ADA-2 >40 U·L-1 and a 2'-deoxyadeno-
sine deaminase/ADA activity ratio <0.49 was satisfied
by all the tuberculous effusions but only eight others (all
neoplastic) (sensitivity 100%, specificity 97%, efficiency
98%).
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Table 2.  –  Total adenosine deaminase, adenosine de-
aminase-2 and 2'-deoxyadenosine deaminase activities
in pleural fluid

Aetiology ADA ADA-2 2'-deoxyadenosine
deaminase

U·L-1 U·L-1 U·L-1

Transudates 12.1±7.2* 9.3±6.7* 4.3±2.5*
Tuberculosis 127.5±32.9 103.5±29.5 42.8±14
Neoplastics 42.1±107.5* 20.4±13.8* 21.7±82.7**
Parapneumonics 27.4±12.2* 18.5±8* 11.5±7.9*
Empyemas 135.3±166.8 25.8±19.5* 88.9±120.3
Miscellaneous 22.6±7.5* 16.8±7* 8.5±3.2*

Values are presented as mean±SD.  ADA: adenosine deami-
nase; ADA-2: adenosine deaminase-2.  *: p<0.001 with respect
to the tuberculosis pleurisy group; **: p<0.05 with respect to
the tuberculous pleurisy group.
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Fig. 1.  –  Total adenosine deaminase activity (ADA) in pleura fluid.
Tra: transudates; TB: tuberculous; Neo: neoplastics; Par: parapneu-
monics; Emp: empyema; Mis: miscellaneous.
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Fig. 2.  –  Adenosine deaminase-2 activity (ADA-2) in pleural fluid.
Tra: transudates; TB: tuberculous; Neo: neoplastics; Par: parapneu-
monics; Emp: empyema; Mis: miscellaneous.
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Fig. 3.  –  2'-deoxyadenosine deaminase activity in pleural fluid.  Tra:
transudates; TB: tuberculous; Neo: neoplastics; par: parapneumonics;
Emp: empyema; Mis: miscellaneous.



Discussion

The above results confirm that the high total ADA
activities in tuberculous pleural effusions are due largely
to high ADA-2 activity, and hence to stimulation of the
only known source of ADA-2, monocytes and macro-
phages.

The immunological reactions set off in the course of
a tuberculous pleural effusion are complex and imper-
fectly understood. In particular, the cause of increased
ADA activity in tuberculous pleural effusions is still
uncertain.  The suggestion that it is related to increased
lymphocyte counts in these effusions appears to have
been ruled out by a reported lack of correlation between
ADA activity and either total lymphocyte count, T-cell,
CD4 and CD8 counts and percentages, or the CD4/CD8
ratio [2, 16, 17]. OCAÑA and co-workers [17] concluded
that increased ADA activity might be due to the T-cell
population of tuberculous pleural effusions being more
immature and reactive than those of other effusions on ac-
count of the cellular immune response to mycobacterial
antigens.  However, the finding that increased ADA acti-
vity in tuberculous pleurisy is due largely to increased
activity of the ADA isoenzyme ADA-2, together with
the fact that the only cells in which ADA-2 has been
found are monocytes/macrophages, led GAKIS and co-
workers [9] to attribute increased ADA activity in tuber-
culous pleural effusions to the stimulation of monocytes/
macrophages by live phagocytosed micro-organisms.  The
unique origin of ADA-2 has recently been corroborated
by UNGERER et al. [18], whilst the results now reported
confirm that the increased ADA activity in tuberculous
pleural effusions results largely from increased ADA-2
activity. We therefore believe that GAKIS and co-workers
[9] are right in pointing to monocytes/macrophages as
the origin of the increased ADA activity found in tuber-
culous pleural effusions.

In our study, all the tuberculous effusions had total ADA
activities above 47 U·L-1, a threshold also exceeded by 9
empyemas, 12 neoplastic exudates and 4 parapneumonic

exudates. ADA-2 was a slightly more efficient indicator
of tuberculous pleurisy, although the difference was not
statistically significant: all the tuberculous effusions again
had activities above the cut-off level (40 U·L-1), and the
only other effusions exceeding this level were 8 of the
12 neoplastic exudates with high total ADA activity and
3 of the 9 empyemas with high total ADA activity; the
four parapneumonic exudates with high total ADA acti-
vity all had low ADA-2 activity, and no effusion with
total ADA activity below 47 U·L-1 had ADA-2 activity
above 40 U·L-1.

The high total ADA activity in 9 of the 14 empyemas
was undoubtedly due largely to the large numbers of
polymorphonuclear cells in these effusions. The facts that
6 of these 9 high-ADA empyemas had low ADA-2 acti-
vities, and that the mean ADA-2 activity of the nine dif-
fered significantly from that of the tuberculous group,
are therefore in keeping with the ADA of polymorpho-
nuclear cells being ADA-1. The high ADA-2 activities
in the other three high-ADA empyemas merely reflect
their exceptionally high total ADA activities (>170 U·L-1

in all three cases); all nine high-ADA empyemas had a
2'-deoxyadenosine deaminase/ADA activity ratio great-
er than 0.49.

The eight neoplastic exudates with ADA-2 and total
ADA activities above cut-off (two associated with lymph-
omas, one with chronic lymphatic leukaemia, two with me-
tastasized carcinoma of the breast, one with bronchogenic
carcinoma, one with thyroid carcinoma and one with metas-
tasis of unidentified primary origin) all had 2'-deoxyadeno-
sine deaminase/ADA activity ratios below 0.49.  Hence
ADA-2 activity, total ADA activity and the 2'-deoxyadeno-
sine deaminase/ADA activity ratio failed to achieve 100%
joint specificity as indicators of tuberculous pleurisy.

We do not know for sure what the cause of the high
ADA-2 activity in eight neoplastic effusions was. How-
ever, since total ADA activity in serum is high in cer-
tain neoplastic diseases [19–21], and since most serum
ADA activity is due to ADA-2 even in normal persons
[18], it seems possible that the increase in capillary perme-
ability known to occur in neoplastic pleurisy may have
facilitated the passage of ADA-2 from the blood to the
pleural cavity. This suggestion is supported by the fact
that, of the eight patients with high-ADA, high-ADA-2
effusions, the six whose total serum ADA activity was
also measured had high levels of this latter parameter
(62.9± 46 U·L-1, range 24–129 U·L-1; normal range 14–21
U·L-1). Future studies may clarify the cause or causes of
high ADA-2 and total ADA activities in neoplastic effu-
sions.

Determination of pleural fluid 2'-deoxyadenosine deam-
inase activity, though a necessary step in the estimation
of ADA-2 activity [15], does not seem to be of clinical
utility per se, even though its diagnostic efficiency in
this study was as high as that of total ADA activity and
almost as high as that of ADA-2 activity.  The diagnostic
efficiency of the 2'-deoxyadenosine deaminase/ADA activ-
ity ratio was poor: although this ratio was <0.49 in all
the tuberculous effusions (sensitivity 100%), one para-
pneumonic and eight neoplastic effusions also had 2'-
deoxyadenosine deaminase/ADA activity ratios below
this threshold (specificity 64%).

In conclusion, we believe that high ADA activity in
tuberculous effusions is due mainly to an increase in
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Fig. 4.  –  2'-deoxyadenosine deaminase/ADA activity ratios in pleural
fluid with total ADA activity greater than the established cut-off (47
U·L-1).  TB: tuberculous; Neo: neoplastics; Par: parapneumonics; Emp:
empyema.



ADA-2 activity, and is therefore probably produced by
monocytes/macrophages. In this study, ADA-2 activity
was a more efficient marker of tuberculous effusions than
was total ADA activity, but the difference was not sta-
tistically significant and the extra labour involved in the
estimation of ADA-2 activity would not seem to be justi-
fiable as routine clinical practice. A 2'-deoxyadenosine
deaminase/ADA activity ratio ≥0.49 appears to rule out
tuberculosis, but a value below this threshold is only a
very poorly specific positive indication of tuberculosis.
The conjunction of the ADA-2, total ADA and 2'-
deoxyadenosine deaminase/ADA activity ratio criteria
for tuberculosis (i.e. the requirement that ADA-2 activ-
ity be >40 U·L-1, total ADA activity >47 U·L-1 and the
2'-deoxyadenosine deaminase/ADA activity ratio <0.49),
though fulfilled by all the tuberculous effusions, still
resulted in false positive diagnosis of eight neoplastic
effusions as tuberculosis cases. Future research should,
therefore, investigate the origin of high ADA-2 and total
ADA activity in neoplastic effusions.
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