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THE EVALUATION OF ADA ACTIVITY IN PLEURAL EFFUSION
FOR THE DIAGNOSIS OF TUBERCULOUS
PLEURAL EFFUSION
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Pleural effusion from 59 cases of various diseases were studied by high pressure liquid
chromatography (HPLC) in order to evaluate the diagnostic value of measurement of
adenosine deaminase (ADA) activity. (1) 18 cases of
tuberculosis ; (2) 5 cases of bacterial empyema ; (3) 22 cases with malignancies ; (4) 14
miscellaneous group cases including uremia, cirrhosis of liver, congestive heart failure and
systemic lupus erythematosus. The mean ADA activity was 110.79%33.85 U/L in group
1, 207.55+65.82 U/L in group 2, 33.43+11.80 U/L in group 3, and 25.53%=9.30 U/L in
group 4. Comparing the levels obtained in each group, significant differences (p<<0.001)
were found between the tuberculosis group and both the malignancies and miscellaneous
groups. The empyema group also showed significant differences (p<<0.001) in comparison
The sensitivity (100%) and specifity
(87.8%) of the test in tuberculosis were very high when a value of more than 60 U/L was

Patients were divided into 4 groups :

to both the malignancies and miscellaneous groups.
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employed as a diagnostic standard.
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Tuberculosis still remains a major health
problem in Taiwan. Almost one third of the
patients with extrapulmonary tuberculosis have
pleural involvement (1). The diagnosis conven-
tionally depends upon cell count, biochemistry,
culture of pleural fluid and pleural biopsy (2),
(3. The data from cell count and biochemistry
of pleural fluid are only suggestive of a deifferen-
tial diagnosis of pleural effusion. However, the
positive rate is only 10—20% in fluid culture for
tuberculous bacilli and 60—80% in pleural biopsy

(4-6). A definitive diagnosis can not be made

in about 20—30% of patients with pleural effusion,
even after repeated pleural biopsy and cytologic
examination of the pleural fluid. Delayed diag-
nosis or misdiagnosis in cases of pleural effusion
always lead to a rapid deterioration of the
patient’s condition and waste time and money.
Adenosine deaminase, ADA or adenosine
aminohydrolase is an enzyme of purine cata-
bolism which catalizes the pathway from adeno-
sine to inosine (Adenosine + H,O — Inosine +

NH;) (7) (Fig. 1). Its distribution is widespread
in human organs (8). The level of ADA is ten
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times higher in lymphocytes than in erythrocy-
tes, particularly during T-lymphocyte differenti-
ation (9), (0.
in patients with combined immunodeficiency and

ADA deficiency has been reported

an increased ADA activity was seen in typhoid
fever, infectious mononucleosis, brucellosis and
Mediterranean spotted fever in which cellular
immunity was stimulated (9), (11-14).

In 1978, Piras reported that cerebrospinal fluid
ADA Activity was higher in tuberculous menin-
gitis than various acute or chronic inflamma-
tory, degenerative, vascular and neoplastic
diseases of nervous system (I5. He provided an
effective method to differentiate tuberculous from
viral lymphocytic meningitis. Five years later,
he also demonstrated that ADA activity was
elevated in tuberculous pleural effusion (6. Fur-
ther observation of ADA activity showed that it
is higher in tuberculous pleural effusion than in
malignant, parapneumonic and transudative
effusions as reported by Ocana et al. in 1983 (7).
They suggested that ADA activity is a very good
parameter for diagnosis of tuberculous effusion
and that it possesses high sensitivity and speci-
fity.

There are several methods available for quan-
titative assay of adenosine deaminase, such as
the spectrophotometric method, radioisotopic
assay and colorimetric method (11-13). High
pressure liquid chromatography (HPLC) has
great potential for enzyme assay because several

components of interest in biochemical system

nucleosidase

Several major metabolic pathways of adenosine in biological systems.

can be measured simultaneously (8.

In 1978, Hartwick et al presented a sensitive,
optimized assay for adenosine deaminase (E. C.
3. 5. 4. 4) based on a reverse phase HPLC analy-
sis of adenosine (19. In this method, a sample
of erythrocytes was incubated with adenosine
and the decrease in adenosine with time was
analyzed by HPLC. We adopted reverse phase
HPLC for detecting the ADA activity in pleural
fluid, because it can offer several advantages
over other assay methods, including improved
capability to discern completing side reactions
from other enzymes and can easily become

employed routinely in the clinical laboratory.
Patients and Methods

Patients Selection :

Fifty—nine patients admitted to our hospital
for diagnosis of pleural effusion were studied.
According to the final diagnosis achieved, the
patients were subdivided into four groups.

Group 1:

Eighteen patients had tuberculous effusion

diagnosed by bacteriologic and/or histologic

procedures.

Group 2:

This group included 5 patients with bacterial

empyema. (three caused by staphylococcus

aureus and two pseudomonas aeruginosa)

Group 3:

This group consisted of 22 patients with malig-

nant effusions. In all cases, diagnoses were
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obtained by cytologic or histologic means.

The initial tumors were localized in the lung

(16 patients), breast (3 patients), stomach (2

patients) and rectum (1 patients).

Group 4:

Fourteen patients had miscellaneous etiology

(four uremic pleurisy, four cirrhosis of liver,

three congestive heart failure and three lupus

erythematosus).
Method of ADA Activity Determination :

Crystalline adenosine, hypoxanthine, inosine,
adenine, 5 —monophosphate (Sigma), potassium
dihydrogen phosphate (Merck) and LC grade
methanol (Alps) were used.

The chromatograph assembly (Waters associa-
tes) consisted of one pump (model 6000), an
injector (model UBK) and a UV detector (model
440). Elution was carried out on a 10 um Nucle-
osil 10 C;s with mobile phase consisting of 14%
methanol and 86% 0.01 M KH,PO,. A flow rate
of 2.5 ml/min was used which produced a
pressure drop of approximately 2000 psi. Detec-
tion wavelength throughout the study was at 254
nm.

Two hundred microliters of pleural effusion
which had been centrifuged at 1500 X g for 15
minutes, was pipetted into the test tubes. Then
1000 £ of a stock buffered 3.5 mM solution of
adenosine was added. The stock solution was
made by dissolving a weighed amount of adeno-
sine in a buffer which contained 0.065 M KH,PO,,
the pH of which had been adjusted to exactly
6.83 by the addition of HCl or KOH. Following
incubation for 15 minutes at 37°C, the enzymatic
reactions were terminated by plunging the test
tubes into a boiling water bath for 46—60 seconds.
The samples were then centrifuged for 20 minutes
at 20000 X g and the supernatant transferred to a
clean container. Then we analyzed 5 ul of super-
natant of incubation mixture and 5ul of adeno-
sine standard solution.

The adenosine deaminase activity was calcula-
ted by the following equation :

STD x (STD X % — Lysate area) X 1200

conc area

STD % 15 minute X 200
area
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STD : the adenosine concentration in ade-
Conc osine standard solution.
STD : the peak area produced by the injec-
area

tion of 5ul adenosine standard
solution.

Lysate area : the peak area produced by the
injection of 5ul supernatant of

incubation mixture.
RESULTS

Figure 2 is the chromatogram of the 5ul
supernatant of an incubation mixture of pleural
effusion and adenosine stock solution. Figure 3
showed significantly higher ADA activity in the
tuberculosis (110.79+33.85 U/L) and empyema
groups (207.55+65.82 U/L). Significant differen-
ces (p<<0.001) were found between tuberculosis
and malignancy (33.43+11.80 U/L) or miscel-
laneous groups (25.83%9.30 U/L). The empyema
group also showed highly significant differences
(p<0.001) when compared with the malignancy
or miscellaneous group. Sensitivity (100%) and
specifity (87.8%) of the test in tuberculosis case
was very high when a value of more than 60 U/L

was taken as a diagnostic standard.
DISCUSSION

When adenosine was added to the pleural fluid,
the influence of several other enzymes was seen

Adenosine

S~

Hypoxanthine

N
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min  min min min

Fig. 2. Chromatogram of 5 ul supernatant of
an incubation mixture of pleural effusion and
adenosine stock solution.
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as shown in Figure 1. Adenosine could change
into inosine by ADA and thereafter change into
hypoxanthine through the effect of purine
nucleoside phosphorylase. There was also the
possibility that adenosine changed into AMP
(Adenosine Monophoshate) or adenine by 5 —
nucleotidase or adenosine phosphorylase. From
the data shown in Figure 2, the retention time
for hypoxanthine, inosine and adenosine was 3.5
min, 4.3 min and 10.3 min. The retention time
for adenine and AMP was 7.2 min and 1.3 min.
Due to the fact that there were no adenine or
AMP peaks in Figure 2, the peak area of 5ul
adenine stock solution is nearly equal to the
sum of the peak areas of adenosine, inosine and
hypoxanthine obtained from the 5 1l supernatant,
we could therefore prove that there have not been
other substances interferring with the assay of
ADA. Therefore, we found HPLC to be a quick
and specific assay method to assay the activity
of ADA in pleural effusion.

Our findings seemed to confirm that ADA
activity is a more effective parameter for the
diagnosis of tuberculous pleural effusion. The
ADA activity in tuberculous pleural effusions is
much higher than that in the malignancy and
miscellaneous groups. However the activity in
the empyema group is particularly high (p<<
0.001) when compared with the tuberculosis
group, similar results have been reported by
Yeh et al [20]. It is necessary to further deter-
mine whether it is caused by a pathogen or as
the result of injured lung tissue or destroyed
leukocytes.

The reason why the activity of this enzyme is
high in tuberculous effusion is not clear, but it
is felt that host defenses in some diseases are a
function of cell-mediated immunity. ADA is a
predominant T-lymphocyte enzyme and its
plasma activity is high in diseases in which
cellular immunity is stimulated [17], [21], [23],
[24], such as in tuberculosis, typhoid fever, infec-
tious mononucleosis [7], [8], [12]. In mono-
nucleosis, after the entry of Epstein—Barr virus
into B—cells, a strong prolonged T—cell response
occurs [16]. Ocana et al. have found a high
percentage of T-lymphocytes in tuberculous
effusion, but this was not statistically correlated
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with the level of ADA [17]. This suggests that
the activity of the enzyme may be correlated
more to the mature stage of the T—cells than to
the total number. Barton demonstrated that
ADA activity varies markedly during T lympho-
cyte differentiation and suggested that funda-
mental differences in nucleotide metabolism
may exist in T-cells at different stages of
development [10].

Markedly higher concentrations of ADA-acti-
vity in.pleural fluid than in serum suggests a
local production of ADA in the pleural effusion.
This may be related to a local inflammatory
process within the pleural effusion and pleural
membrane in which the activation of T—lympho-
cytes and the maturation of monocytes to macro-
phages is accompanied by an increase in ADA—
activity [21—23].

Petterson concluded that assesment of periphe-
ral blood and pleural fluid lymphocyte activation
by phytohemagglutinin (PHA) and by purified
protein derivative (PPD) yields no additional
information to that obtained by conventional

and laboratory procedures used in the differen-
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Further

studies are needed on T-lympocyte subpopula-

tial diagnosis of pleural effusion [24].
tions, on the additional specific features of

lymphocyte activation, and on the role of
macrophages in the effusion.

The tuberculous and empyema groups both
have high ADA-activity but which can be easily
differentiated by clinical history, peripheral
white blood cell count, color of pleural fluid,
bacterial culture and cell count differentiation.

Increased ADA activity in rheumatoid pleurisy
was also demonstrated in Petterson’s observa-
tion. A reliable distinction can be made by
measuring the glucose and complement (C3 &
C4) concentration in the effusion [22].

In conclusion, with the aid of reverse phase
HPLC, determination of ADA can be done
easily and at low cost and can be performed
routinely in the diagnosis of all patients with
effusions, particularly if tuberculosis is suspected
and in places where prevalence of this disease is

still high, as is the present situation in Taiwan.
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