
European Review for Medical and Pharmacological Sciences

1706

Abstract. – OBJECTIVE: Pleural effusion (PE)
adenosine deaminase (ADA) has good perfor-
mance in detection of tuberculous pleural effu-
sion (TPE). However, few study was conducted
for its value in pediatric patients. To evaluate PE
ADA in diagnosis of pediatric TPE, a retrospec-
tive study was performed.

PATIENTS AND METHODS: 204 pediatric PE
patients were enrolled, and then were grouped
into TPE group (77 cases, aged 11.51 ± 0.40
years) and non-TPE group (127 cases, aged 6.39
± 0.35 years). Man-Whitney U test was used to
compare difference in pleural ADA between the
two groups. The correlation between age and
ADA activity was analyzed by Spearman's corre-
lation coefficient analysis.

RESULTS: In our study, there was no differ-
ence in pleural ADA between TPE (62.1 ± 4.2 U/L)
and non-TPE patients (87.7 ± 10.0 U/L). Com-
pared with empyema patients (183.8 ± 30.0 U/L),
pleural ADA was lower in parapneumonic effu-
sion (PPE) patients (63.4 ± 3.8, p < 0.01), or TPE
patients (p <0.01). Correlation analysis showed
that there were no correlation between age and
pleural ADA within TPE, PPE or both patients (all
p > 0.05). Meanwhile, there was no significant
difference in PE ADA level between genders.

CONCLUSIONS: Considering the fact that the
majority of pediatric PEs is TPE and PPE, our
study suggests that PE ADA isn’t accurate in de-
tection of pediatric TPE. Meanwhile, an extremely
high ADA activity should raise suspicion of
empyema or lymphoma.
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Introduction

Pleural tuberculosis (TB) is the most common
presentation of extra-pulmonary tuberculosis and
the most common cause of pleural effusion (PE)
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worldwide1,2. In children, 4%-22% of tuberculo-
sis patients presented with pleural TB3,4. The di-
agnosis of pleural TB in children is based on
compatible history, clinical findings, medical
thoracoscopy, chest x ray, tuberculin skin test
(TST), microbiological tests (acid-fast bacilli
(AFBs) in smear or mycobacterial culture), PE
biochemical analysis and response to anti-TB
treatment5-9. Due to the paucibacillary nature of
pediatric TB, the AFB positivity was low and
culture was a moderate diagnostic test, which
takes 6-12 weeks10-12.

PE adenosine deaminase (ADA) was evaluat-
ed as a good biomarker in the diagnosis of tuber-
culous pleurisy and had been evaluated in many
reports13-16. A meta analysis showed that PE
ADA had sensitivity 0.92 and specificity 0.90 in
the diagnosis of tuberculous pleurisy17. PE ADA
usually was higher in the tuberculous pleural ef-
fusion (TPE) patients compared to non-TPE pa-
tients, but sometimes may elevate in some pa-
tients. For example, more than 40% of parapneu-
monics and half of lymphomatous effusions ex-
ceeded the cutoff set for pleural TB18. Pleural
ADA was also elevated in empyema, legion-
naires’ disease, pleural brucellosis, and my-
coplasma pneumoniae pneumonia18-21. As many
as 9% of patients with lung cancer and 15% of
those with mesothelioma showed high ADA ac-
tivity and were false-positive with ADA cutoff
setting22. A recent study demonstrated that PE
ADA was affected by age and there was signifi-
cant correlation between PE ADA and age (r = -
0.621)23.

In a Turkish retrospective analysis for etiolo-
gies of 492 pediatric pleural effusions24, parap-
neumonic effusions (PPEs) were the most com-
mon cause and made up 77.4% of whole group,
TPEs, as the second cause, made up 12.6%.
Based on above problems, ADA activity may ele-
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vate in pediatric PPE patients and in children be-
cause of negative correlation between ADA ac-
tivity and age. There would be limited value of
ADA activity in detection of pediatric TPE. In
this retrospective study, we aimed to evaluate the
usefulness of ADA activity for the diagnosis of
TPE in children.

Patients and Methods

This was a retrospective study of the medical
records of pediatric patients investigated for
pleural effusion in our hospital from January
2006 to November 2013. The protocol was ap-
proved by the Ethical Committee of Shandong
Provincial Chest Hospital, written informed con-
sent was not required because of the retrospec-
tive nature of the investigation. Patient
records/information were anonymized and de-
identified prior to analysis.

Based on laboratory records, a list of consec-
utive pediatric patients who aged ≤ 15 years old
with PE ADA sent was obtained. The ADA ac-
tivity was measured in PE by kinetic method
employing xanthine oxidase peroxidase25 on
automated clinical chemistry analyzer using
commercially available kits (Maker, Sichuan,
China), intra-assay and inter-assay coefficient
of variability were ≤ 5% and ≤ 10%. 211 pedi-
atric PE patients were enrolled, 7 were exclud-
ed due to uncertain diagnosis. 77 patients with
TPE were identified, 106 patients were diag-
nosed as PPE patients, 18 were empyema., Tthe
remaining 3 patients were diagnosed as malig-
nant pleural effusion (MPE).

TPE patients were diagnosed based on com-
patible history (contact with a pulmonary TB pa-
tient), clinical findings (pleuritic chest pain, chest
pressure, dyspneadyspnoea, and cough), chest x
ray, TST, microbiological tests (AFB smear and
mycobacterial culture), PE biochemical analysis
and response to anti-TB treatment. PPE was
defined as any exudative effusion (criteria estab-
lished by Light et al26 associated with bacterial
pneumonia, lung abscess or bronchiectasis27.
MPEs were confirmed by positive pleural fluid
cytology or pleural biopsy histology (closed
biopsy or medical thoracoscopic biopsy).

Statistical Analysis
Statistical analysis was carried out using SPSS

17.0 software (SPSS Inc., Chicago, IL, USA).
Data were expressed as mean ± standard error of

the mean (SEM). Non-Parametric tests were used
since ADA data was skewed distributed as deter-
mined by the Kolmogorov-Smirnov test. Com-
parisons of data between TPE patients and non-
TPE patients were performed using Mann-Whit-
ney U test. Association between ADA activity
and age was assessed with Spearman’s correla-
tion coefficient analysis. A p value < 0.05 was
considered statistically significant.

Results

Pediatric patients were grouped into two
groups: TPE patients, non-TPE patients (empye-
ma, MPEs and PPEs). Among 3 MPE patients, 1
had lymphoma, 1 had mediastinal teratoma, and
another had pleural mesothelioma. Of 77 pedi-
atric pleural TB patients, 22 were culture con-
firmed, 2 were confirmed by histological exami-
nation and the remaining was clinical diagnosis.
Table I presents the mean age, sex and other char-
acteristics of every evaluated group, including
age-subgroups. All patients were hospitalized.

The study population had a mean age of 8.32
± 0.32 years (range 1 day to 15 years), and
61.7% were male. The mean age of the 77 TPE
patients was 11.51 ± 0.40 years, and 66.2% of
these patients were men. 127 non-TPE patients
(aged 6.39 ± 0.35 years, 59.1% were male ) were
divided into three subgroups: (1) empyema
group, 18 pediatric patients, 27.8% were male,
aged 5.77 ± 1.23 years; (2) PPE group, 106 pa-
tients, 66.0% were male, aged 6.40 ± 3.51 years;
(3) MPE group, 3 pediatric patients, aged 9.67 ±
3.93 years, all were female.

For TPE patients, pleural ADA activities were
55.96 ± 15.00U/L (≤ 5 years, 3.20 ± 0.58 years
old, 5 cases), 69.68 ± 10.38U/L (6-10 years, 8.33
± 0.30 years old, 21 cases) and 59.66 ± 4.43U/L
(11-15 years, 13.63 ± 0.18 years old, 51 cases)
respectively. For PPE patients, pleural ADA ac-
tivities were 62.53 ± 4.16U/L (≤ 5 years, 3.20 ±
0.24 years old, 47 cases), 68.70 ± 7.84 U/L (6-10
years, 7.63 ± 0.20 years old, 43 cases) and 51.78
± 7.00 U/L (11-15 years, 12.50 ± 0.38 years old,
16 cases) respectively. No significant differences
in PE ADA could be found between TPE age-
subgroups and PPE age-matched subgroups. For
empyema patients, pleural ADA activity was
183.8 ± 30.0 (5.77 ± 1.23 years old, 18 cases).
Compared with TPE patients (6-10 years sub-
group), empyema patients had a higher level of
PE ADA (p < 0.01).
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ADA level in pediatric pleural effusions. Our re-
port suggests that PE ADA isn’t accurate in de-
tection of pediatric TPE as it increases in PPEs or
empyema.

Several factors can affect the level of PE
ADA, such as, causes of pleural effusions, age,
pleural fluid protein18,23. In this investigation,
we didn’t find the correlation between age and
pleural ADA within TPE, PPE or both patients,
this may contribute to subject difference be-
tween our study and other report (pediatric vs
adult patients)23. However, because of empye-
ma groups with low age, there was a low corre-
lation between age and pleural ADA among
non-TPE patients. PE ADA usually was higher
in the TPE patients compared to non-TPE pa-
tients, but sometimes pleural effusion had ele-
vated levels of ADA activity in some diseases
(parapneumonics, empyema, lymphoma, and
mycoplasma pneumoniae pneumonia)18-21. In
the study, for diagnosis of TPE, PE ADA also
met these problems. Levels of PE ADA in
empyema were higher than in TPE or PPE.
Meanwhile, a patient diagnosed as lymphoma
had a highest PE ADA among whole popula-
tion. PE ADA levels in 13 patients were greater
than 180 U/L, 84.6% (10 cases) were empyema
patients. So ADA activity in PE > 180 U/L is
highly suggestive of empyema or lymphoma
rather than TB.

Few researches have looked at the diagnostic
value of pleural ADA in detection of TPE.

Among non-TPE patients, PE ADA was sig-
nificantly higher in the empyema group com-
pared to PPE group (183.8 ± 30.0 U/L vs 63.4 ±
3.8 U/L, p < 0.01). PE ADA in empyema pa-
tients was also higher than TPE patients (62.1 ±
4.2 U/L, p < 0.01). There was no statistically
significant difference in PE ADA level between
TPE patients (62.1 ± 4.2 U/L) and non-TPE pa-
tients (87.7 ± 10.0 U/L, p > 0.05), and PPE pa-
tients (63.4 ± 3.8 U/L, p > 0.05). A patient diag-
nosed as lymphoma had a very high PE ADA
increasing to 1056 U/L. Correlation analysis
was performed and showed a low negative cor-
relation between age and pleural ADA among
non-TPE patients (r = -0.223, p < 0.05), but
there were no correlation between age and
pleural ADA within TPE, PPE or both patients
(all p > 0.05). Meanwhile, there was no signifi-
cant difference in PE ADA level between gen-
ders.

Discussion

PE ADA has good performance in detection of
tuberculous pleural effusion (TPE). However,
few studies were conducted for its value in pedi-
atric patients. To evaluate PE ADA in diagnosis
of pediatric TPE, a retrospective study was per-
formed. This is also, to the best of our knowl-
edge, one of the first few studies to determine the

Age Sex ADA activity
Group Subgroup Number (years) (male) (U/L)

TPE patients ≤ 5 years 5 3.20 ± 0.58 4 55.96 ± 15.00
6-10 years 21 8.33 ± 0.30 16 69.68 ± 10.38

11-15 years 51 13.63 ± 0.18 31 59.66 ± 4.43

Total 77 11.51 ± 0.4 51 62.1 ± 4.2

Non-TPE patients Empyema 18 5.77 ± 1.23 5 183.8 ± 30.0
MPE 3 9.67 ± 3.93 0 367.5 ± 344.0

PPE ≤ 5 years 47 3.20 ± 0.24 27 62.53 ± 4.16
6-10 years 43 7.63 ± 0.20 35 68.70 ± 7.84

11-15 years 16 12.50 ± 0.38 8 51.78 ± 7.00

Total 106 6.40 ± 3.51 70 63.4 ± 3.8
127 6.39 ± 0.35 75 87.7 ± 10.0

Table I. Characteristics of pediatric PE patients.

Data were expressed as mean ± standard error of the mean (SEM); ADA: adenosine deaminase; TPE: tuberculous pleural effu-
sion; PPE: parapneumonic effusion; MPE: malignant pleural effusion.



Mishra et al28 evaluated the utility of ADA ac-
tivity for the diagnosis of tuberculous effusions
in children. The mean fluid ADA was signifi-
cantly higher in tuberculous effusions than in
non-tuberculous effusions (p < 0.001). The sen-
sitivity and specificity of ADA (≥ 38 U/L) were
81% and 75%, in diagnosing tuberculous effu-
sions. In our work, there was no statistical dif-
ference between TPE and non-TPE pediatric pa-
tients in pleural ADA. One possible explanation
for the paradox results in PE ADA between TPE
and non-TPE patients is that, in our study, the
non-tuberculous group included patients with
effusions was mainly PPE and empyema, but in
that by Mishra et al28, causes of effusions were
due to other causes (10 transudative ascites, 8
empyema thoracis, 3 malignant pleural and 3
pyopericardium).

The Turkish retrospective analysis for etiolo-
gies of pediatric pleural effusions showed that
parapneumonic effusions were the most com-
mon cause, followed by tuberculous
effusions24. In our study, since China was the
second high burden-TB country, TPE made up
37.2% of whole group. PPEs and TPEs also
made up about 90% of all patients, being simi-
lar to the Turkish results. These implied that
our findings were more useful in clinical prac-
tice. Although ADA had good performance in
detection of tuberculous effusion, pleural ADA
isn’t accurate in diagnosis of pediatric TPE,
considering the majority of pleural effusions
were was PPE and TPE.

The mean age of TPE patients was 11.51 years
old, age distribution showed that the incidence
rate of pediatric TPE patients increased with age.
Usually Chinese newborn received BCG vaccina-
tion that had found a protective effect (reduction
in incidence of tuberculosis in the children).
Meanwhile, age was positively correlated with
TB exposure time, so the chance to get TB infec-
tion in high TB burden countries increase with
age29. The mean age of non-TPE patients was
6.39 years old and lower than TPE patients, the
incidence rate of pediatric PPE patients de-
creased with age, similar results were report-
ed30,31. Although there was age difference be-
tween TPE group and non-TPE group, consider-
ing the fact that no correlation between age and
pleural ADA and comparison results of age-
matched subgroups between TPE and PPE pa-
tients, there should be no significant differences
in PE ADA between TPE group and non-TPE
group.

Conclusions

PE ADA isn’t accurate in detection of pedi-
atric TPE as it increases in PPEs (especially in
empyema). An extremely high ADA activity
should raise suspicion of empyema or lym-
phoma.

––––––––––––––––––––
Acknowledgements
This work was supported in part by a grant from the Health
Department of Shandong Province (NO.2011HZ085); in
part by a grant from the Science and Technology Depart-
ment of Jinan (NO.201303043).

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) LAZARUS AA, MCKAY S, GILBERT R. Pleural tuberculo-
sis. Dis Mon 2007; 53: 16-21.

2) WONG PC. Management of tuberculous pleuritis:
can we do better? Respirology 2005; 10: 144-148.

3) MERINO JM, CARPINTERO I, ALVAREZ T, RODRIGO J,
SANCHEZ J, COELLO JM. Tuberculous pleural effusion
in children. Chest 1999; 115: 26-30.

4) PINEDA PR, LEUNG A, MULLER NL, ALLEN EA, BLACK

WA, FITZGERALD JM. Intrathoracic paediatric tuber-
culosis: a report of 202 cases. Tuber Lung Dis
1993; 74: 261-266.

5) CHIU CY, WU JH, WONG KS. Clinical spectrum of tu-
berculous pleural effusion in children. Pediatr Int
2007; 49: 359-362.

6) SHARMA S, SARIN R, KHALID UK, SINGLA N, SHARMA PP,
BEHERA D. Clinical profile and treatment outcome
of tubercular pleurisy in pediatric age group using
DOTS strategy. Indian J Tuberc 2009; 56: 191-
200.

7) KONG XL, ZENG HH, CHEN Y, LIU TT, SHI ZH, ZHENG

DY, ZHOU R, CAI S, CHEN P, LUO H. The visual di-
agnosis of tuberculous pleuritis under medical
thoracoscopy: a retrospective series of 91 cas-
es. Eur Rev Med Pharmacol Sci 2014; 18: 1487-
1495.

8) ZANFORLIN A, GAVELLI G, OBOLDI D, GALLETTI S. Ultra-
sound-guided thoracenthesis: the V-point as a site
for optimal drainage positioning. Eur Rev Med
Pharmacol Sci 2013; 17: 25-28.

9) SHEN Y, YANG T, JIA L, WANG T, CHEN L, WAN C,
WANG L, YAN Y, YI Q. A potential role for D-dimer in
the diagnosis of tuberculous pleural effusion. Eur
Rev Med Pharmacol Sci 2013; 17: 201-205.

1709

PE ADA isn’t accurate in diagnosis of PTE



1710

Y.-H. Wu, G.-W. Zhao, X.-F. Wang, M.-S. Wang

10) NAGESH BS, SEHGAL S, JINDAL SK, ARORA SK. Evalua-
tion of polymerase chain reaction for detection of
Mycobacterium tuberculosis in pleural fluid. Chest
2001; 119: 1737-1741.

11) WANG X, WU Y, ZHANG K, GUAN C, GAO X, WANG M.
Value of real-time polymerase chain reaction in
bronchoalveolar lavage fluid for diagnosis of pedi-
atric pulmonary tuberculosis. Braz J Infect Dis
2013; 17: 718-719.

12) KEYS C, MCLEOD E, PESTI C, ARMSTRONG D. Thoraco-
scopic pleural biopsy as an aid to diagnosis in pe-
diatric tuberculosis with pleural involvement. Eur J
Pediatr Surg 2012; 22: 315-317.

13) WU YB, YE ZJ, QIN SM, WU C, CHEN YQ, SHI HZ.
Combined detections of interleukin 27, interferon-
gamma, and adenosine deaminase in pleural ef-
fusion for diagnosis of tuberculous pleurisy. Chin
Med J (Engl) 2013; 126: 3215-3221.

14) KENG LT, SHU CC, CHEN JY, LIANG SK, LIN CK, CHANG

LY, CHANG CH, WANG JY, YU CJ, LEE LN. Evaluating
pleural ADA, ADA2, IFN-gamma and IGRA for di-
agnosing tuberculous pleurisy. J Infect 2013; 67:
294-302.

15) GARCIA-ZAMALLOA A, TABOADA-GOMEZ J. Diagnostic
accuracy of adenosine deaminase and lympho-
cyte proportion in pleural fluid for tuberculous
pleurisy in different prevalence scenarios. PLoS
One 2012; 7: e38729.

16) KALANTRI Y, HEMVANI N, CHITNIS DS. Evaluation of
real-time polymerase chain reaction, interferon-
gamma, adenosine deaminase, and im-
munoglobulin A for the efficient diagnosis of
pleural tuberculosis. Int J Infect Dis 2011; 15:
e226-231.

17) LIANG QL, SHI HZ, WANG K, QIN SM, QIN XJ. Diag-
nostic accuracy of adenosine deaminase in tuber-
culous pleurisy: a meta-analysis. Respir Med
2008; 102: 744-754.

18) PORCEL JM, ESQUERDA A, BIELSA S. Diagnostic perfor-
mance of adenosine deaminase activity in pleural
fluid: a single-center experience with over 2100
consecutive patients. Eur J Intern Med 2010; 21:
419-423.

19) DIKENSOY O, FAKILI F, ELBEK O, UYSAL N. High adeno-
sine deaminase activity in the pleural effusion of a
patient with Legionnaires' disease. Respirology
2008; 13: 473-474.

20) DIKENSOY O, NAMIDURU M, HOCAOGLU S, IKIDAG B, FIL-
IZ A. Increased pleural fluid adenosine deaminase
in brucellosis is difficult to differentiate from tuber-
culosis. Respiration 2002; 69: 556-559.

21) CHA SI, SHIN KM, JEON KN, YOO SS, LEE J, LEE SY, KIM

CH, PARK JY, JUNG TH. Clinical relevance and char-
acteristics of pleural effusion in patients with My-
coplasma pneumoniae pneumonia. Scand J In-
fect Dis 2012; 44: 793-797.

22) OGATA Y, AOE K, HIRAKI A, MURAKAMI K, KISHINO D,
CHIKAMORI K, MAEDA T, UEOKA H, KIURA K, TANIMOTO

M. Is adenosine deaminase in pleural fluid a use-
ful marker for differentiating tuberculosis from
lung cancer or mesothelioma in Japan, a country
with intermediate incidence of tuberculosis? Acta
Med Okayama 2011; 65: 259-263.

23) TAY TR, TEE A. Factors affecting pleural fluid adeno-
sine deaminase level and the implication on the
diagnosis of tuberculous pleural effusion: a retro-
spective cohort study. BMC Infect Dis 2013; 13:
546.

24) UTINE GE, OZCELIK U, KIPER N, DOGRU D, YALCN E,
COBANOGLU N, PEKCAN S, KARA A, CENGIZ AB, CEYHAN

M, SECMEER G, GOCMEN A. Pediatric pleural effu-
sions: etiological evaluation in 492 patients over
29 years. Turk J Pediatr 2009; 51: 214-219.

25) KORBER W, MEISTERERNST EB, HERMANN G. Quantita-
tive measurement of adenosine deaminase from
human erythrocytes. Clinic Chimi Acta
1975;63:323-333.

26) LIGHT RW, MACGREGOR MI, LUCHSINGER PC, BALL WC,
JR. Pleural effusions: the diagnostic separation of
transudates and exudates. Ann Intern Med 1972;
77: 507-513.

27) PORCEL JM, BIELSA S, ESQUERDA A, RUIZ-GONZALEZ A,
FALGUERA M. Pleural fluid C-reactive protein con-
tributes to the diagnosis and assessment of
severity of parapneumonic effusions. Eur J Intern
Med 2012; 23: 447-450.

28) MISHRA OP, KUMAR R, ALI Z, PRASAD R, NATH G. Eval-
uation of polymerase chain reaction and adeno-
sine deaminase assay for the diagnosis of tuber-
culous effusions in children. Arch Dis Child 2006;
91: 985-989.

29) WANG X, WU Y, WANG M, WANG Y. The Sensitivity of
T-SPOT.TB Assay in Diagnosis of Pediatric Tuber-
culosis. Fetal Pediatr Pathol 2014; 33: 123-125.

30) CAKSEN H, OZTURK MK, YUKSEL S, UZUM K, USTUN-
BAS HB. Parapneumonic pleural effusion and
empyema in childhood. J Emerg Med 2003;
24:474-476.

31) SOARES P, BARREIRA J, PISSARRA S, NUNES T, AZEVEDO I,
VAZ L. Pediatric parapneumonic pleural effusions:
experience in a university central hospital. Rev
Port Pneumol 2009; 15: 241-259.


