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Abstract. – OBJECTIVE: The aim of this study
was to describe the clinicopathologic characteris-
tics of pediatric tuberculous pleural effusion (TPE)
patients to make an accurate diagnosis.

PATIENTS AND METHODS: Pediatric TPE pa-
tients who admitted to Shandong Provincial
Chest Hospital were retrospectively reviewed
from March 2006 to April 2015.

RESULTS: 112 pediatric TPE patients were en-
rolled. The mean age was 11.6 ± 3.2 years. 60
(53.6%) patients were diagnosed as TPE, 40
(35.7%) were TPE+Pulmonary tuberculosis
(PTB). 96 (85.7%) patients had fever (> 37°C), 81
(72.3%) had dyspnea, 63 (56.3%) had cough. Ra-
diological test results showed effusions on the
right side in 58 patients (51.8%), on the left side
in 50 patients (44.6%), and on both sides in 4 pa-
tients (3.6%). 6 (5.4%) patients were acid-fast
bacilli (AFB) smear–positive. 16 (14.3%) PCR
positive patients were identified. 41 (36.6%) TB
patients were culture-positive. Almost all effu-
sions (99.1%) had the biologic characteristics of
exudates. In 91.2% of the effusions, more than
50% of leukocytes were lymphocytes. Pleural
adenosine deaminase (40 U/L) was positive in
74.5% of the patients, and erythrocyte sedimen-
tation rate was raised in 84.1%.

CONCLUSIONS: The usefulness of routine mi-
crobiological tests to diagnose pleural TB is lim-
ited by its poor sensitivity. Further studies
should be performed to validate new techs and
assays for pediatric TPE.
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Introduction

Tuberculosis (TB) is among the top 10 causes
of death among children worldwide. According
to World Health Organization (WHO) estimates,
about one million children annually develop TB
worldwide, accounting for about 11% of all TB
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cases1,2. However, children with TB are given
low priority in most national health programs and
are neglected in this epidemic3. TB can occur at
different anatomic sites of the human body. The
most common site of TB is pleura but pul-
monary, with an incidence of 4.9%4,5.

The diagnosis of pleural TB in children is
based on medical history, clinical findings,
chest x ray, tuberculin skin test (TST), microbio-
logical tests (acid-fast bacilli (AFBs) in smear or
mycobacterial culture), pleural effusion (PE) bio-
chemical analysis and response to anti-TB treat-
ment6-8. Due to the paucibacillary nature of pedi-
atric TB, the AFB positivity was low and culture
was a moderate diagnostic test, which takes 6-12
weeks9,10. Although pleural adenosine deaminase
(ADA) was evaluated as a good biomarker in the
diagnosis of tuberculous pleurisy for adults11, the
ADA that was associated with pleural mycobac-
terial tuberculosis burden may have limited diag-
nostic value in pediatric patients12. Recent tech-
nological advancements in diagnosis of TB in
adults show limited diagnostic value in children.
Such as, T-SPOT.TB assay have poor diagnostic
accuracy in pediatric TB13. Although Interferon-γ
and IP-10 release assays performed well in
adults, the tests exhibited an equally poor perfor-
mance in diagnosing active TB in children14.

In recent studies15,16, the multi-drug resistance
(MDR) rates in children were 22%-80%. Late
and inadequate treatment is an important factor
for the high MDR-TB rate in children. To date,
limited systematic research is available about
pathologic information of pediatric TPE. We ex-
amined 112 consecutive pediatric TPE cases at
Shandong Provincial Chest Hospital since 2006,
and analyzed clinicopathologic features retro-
spectively to make a prompt diagnosis.
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Patients and Methods

This retrospective study was approved by the
Shandong Provincial Chest Hospital Review Board.
Patient records/information were anonymized
and de-identified prior to analysis. The inpatient
data banks were screened for pediatric cases with
the diagnosis of TPE using key words such as
children, tuberculosis, pleural, and effusion.

Clinical analysis included the age, gender,
and medical history of each patient; clinical
features; lab examination and the time before
hospital admission. All PE sample was ob-
tained with a needle at the same time as thora-
cocentesis, then was processed for AFB detec-
tion (Auramine O stain), mycobacterial culture
(Bact/Alert 3D, Biomerieux Durham, NC,
USA), ADA activity (Maker, Sichuan, China),
TB real time-PCR analysis (TB RT-PCR kit,
DAAN, China; LightCycler®480, Roche,
Mannheim, Germany), biochemical tests (total
protein, total bilirubin, lactate dyhydrogenase,
and amylase) and pleural cytology. White blood
cell, neutrophil and lymphocyte counts were
performed on an XT 1800 Sysmex automated
haematology analyser (Sysmex Corporation,
Kobe, Japan).

Statistical Analysis
Statistical analysis was carried out using SPSS

17.0 software. Data were expressed as mean ±
standard deviation (SD). Comparisons of data be-
tween different groups were performed using
Kruskal-Wallis or Mann-Whitney tests. Associa-
tions between clinicopathologic features and age
were assessed with Spearman’s correlation coef-
ficient analysis. p < 0.05 was considered as sta-
tistically significant.

Results

Between March 2006 and April 2015, 112 pe-
diatric patients with a diagnosis of TPE were
identified at our hospital, and then were grouped
into Group 1 (0-6 years old, 10 (8.9%) patients,
80% of these were male), Group 2 (7-12 years
old, 40 (35.7%) patients, 68% of these were
male) and Group 3 (13-15 years old, 40 (35.7%)
patients, 55% of these were male). The mean age
was 11.6 ± 3.2 years for all patients, 4.7 ± 1.5
years for Group 1, 9.8 ± 1.8 years for Group 2,
and 14.0 ± 0.9 years for Group 3. Clinicopatho-
logic features are shown in Table I.

The time before hospital admission reflecting
diagnostic delay was evaluated. The average time
was 33.1 ± 61.9 days for all patients, 20.6 ± 8.7
days for Group 1, 19.9 ± 19.8 days for Group 2,
43.6 ± 80.3 days for Group 3.

In our study, 60 (53.6%) patients were diag-
nosed as TPE, 40 (35.7%) were TPE+ pulmonary
TB (PTB), 8 were TPE+extra-pulmonary TB
(EPTB), 4 were TPE+PTB+EPTB. TPE and
TPE+PTB were comprised the majority of each
group. In Group 1, 2 and 3, TPE accounted for
60%, 50% and 54.8%, respectively; TPE+PTB
accounted for 30%, 42.5% and 32.3%, respec-
tively.

96 (85.7%) patients had fever (> 37°C), 81
(72.3%) had dyspnea, 63 (56.3%) had cough.
Group 2 and 3 had similar results as in all pa-
tients. But in Group 1 only 4 (40%) patients had
dyspnea. This may contribute to poor communi-
cation skill of younger children. Radiological test
results showed effusions on the right side in 58
patients (51.8%), on the left side in 50 patients
(44.6%), and on both sides in 4 patients (3.6%).
17 patients had contact history with patients with
TB with active disease, 7 patients were in Group
2, 10 were in Group 3.

6 (5.4%) patients were AFB smear-positive. 16
(14.3%) PCR positive patients were identified in
Group 2 (7 patients) and Group 3 (9 patients). 41
(36.6%) TB patients were culture-positive, 2 in
Group 1, 15 in Group 2 and 24 in Group 3.

Almost all effusions (99.1%) had the biologic
characteristics of exudates, only one cases was
categorized as transudate (Lights’ criteria). In
91.2% of the effusions, more than 50% of leuko-
cytes were lymphocytes. Pleural ADA (40 U/L)
was positive in 74.5% of the patients, and ESR
(male: 0-15 mm/h, female: 0-20 mm/h) was
raised in 84.1%.

There were significant differences in WBC (χ2

= 10.33, p < 0.01) and lymphocyte (χ2 = 11.89, p
< 0.01) counts among the three groups. This
should be related with the influence of age on
WBC and lymphocyte counts.

Mann-Withney test showed that female chil-
dren had significant higher pleural levels of
glucose (p < 0.01), and lower pleural levels of
ADA (p < 0.01) and LDH (p < 0.05) than of
male. There was low correlation between age
and, pleural effusion levels of total bilirubin (r
= 0.225, p < 0.05), LDH (r = -0.278, p < 0.01)
and WBC (r = 0.234, p < 0.05); WBC (r = -
0.267, p < 0.01) and lymphocyte (r = -0.312, p
< 0.01).
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Group 1 Group 1 Group 1
(0-6 years old) (7-12 years old) (13-15 years old) Total

Number 10 40 62 112
Number 10 40 62 112
Sex, Male (%) 80% 68% 55% 62%
Age (years) 4.7 ± 1.5 9.8±1.8 14.0±0.9 11.6±3.2
Disease

TPE 6 (60.0%) 20 (50%) 34 (54.8%) 60 (53.6%)
TPE+PTB 3 (30.0%) 17 (42.5%) 20 (32.3%) 40 (35.7%)
TPE+EPTB 1 (10.0%) 3 (7.5%) 4 (6.5%) 8 (7.1%)
TPE+PTB+EPTB 0 0 4 (6.5%) 4 (3.6%)

Symptom
Fever 10 (100.0%) 34 (85.0%) 52 (83.9%) 96 (85.7%)
Dyspnea 4 (40.0%) 31 (77.5%) 46 (74.2%) 81 (72.3%)
Cough 6 (60.0%) 25 (62.5%) 32 (51.6%) 63 (56.3%)

Time before hospital 20.6 ± 8.7 19.9 ± 19.8 43.6 ± 80.3 33.1 ± 61.9
admission (days)
Contact history 0 7 (17.5%) 10 (16.1%) 17 (15.2%)

Effusion site
Both 0 1 (2.5%) 3 (4.8%) 4 (3.6%)
Left 1 (10.0%) 17 (42.5%) 32 (51.6%) 50 (44.6%)
Right 9 (90.0%) 22 (55.0%) 27 (43.5%) 58 (51.8%)
Mycobacterial culture 2 (20.0%) 15 (37.5%) 24 (38.7%) 41 (36.6%)
AFB smear 0 3 (7.5%) 3 (4.8%) 6 (5.4%)
PCR 0 7 (17.5%) 9 (14.5%) 16 (14.3%)

Pleural effusion
Total Protein (g/L) 46.2 ± 6.9 46.9 ± 8.3 49.3 ± 7.0 48.1 ± 7.5
Total Bilirubin (µmol/L) 8.2 ± 3.4 10.0 ± 6.7 10.2 ± 5.2 9.9 ± 5.7
Glucose (mmol/L) 2.58 ± 1.96 3.66 ± 1.99 3.87 ± 1.54 3.67 ± 1.78
LDH (U/L) 4535 ± 8180 1696 ± 3241 787 ± 791 1481 ± 3336
ADA (U/L) 65.9 ± 33.2 62.2 ± 39.9 54.9 ± 24.6 58.7 ±3 1.8
AMY (U/L) 165 ± 444 28 ± 10 59 ± 198 58 ± 199
WBC (106/L) 2.63 ± 2.95 2.85 ± 2.09 4.39 ± 3.34 3.69 ± 2.98
Lymphocyte (%) 90.8 ± 7.9 79.1 ± 25.7 83.0 ± 20.2 82.1 ± 21.7

Blood
WBC (109/L) 13.1 ± 8.2 8.2 ± 4.2 6.8 ± 2.5 7.92 ± 4.32
Neutrophil (109/L) 8.34 ± 7.39 5.34 ± 3.71 4.46 ± 2.19 5.13 ± 3.64
Lymphocyte (109/L) 3.29 ± 2.22 1.75 ± 0.86 1.45 ± 0.58 1.73 ± 1.06
Monocyte (109/L) 1.37 ± 1.04 1.01 ± 0.62 0.94 ± 0.52 1.01 ± 0.63
ESR 46.9 ± 30.6 53.5 ± 26.3 42.0 ± 26.4 46.6 ± 27.1

Table I. The characteristics of Pediatric TPE.

TPE: tuberculous pleural effusion; PTB: pulmonary tuberculosis; EPTB: extra-pulmonary tuberculosis; AFB: acid-fast bacilli;
LDH: lactate dehydrogenase; ADA: adenosine deaminase; AMY: amylase; WBC: white blood cell; ESR: erythrocyte sedimen-
tation rate.

pediatric TPE6,20. We reviewed pediatric TPE cas-
es admitted to our hospital, and analyzed clinico-
pathologic features retrospectively. To our
knowledge, the study is the first time that clinical
features of pediatric TPE have been described on
such a large scale.

In our work, the majority of patients (53.6%)
had primary infection involving the pleura,
35.7% of patients get PTB and TPE. Meanwhile,
only 17 patients with recent tuberculosis contact
were identified. The results supported that TPE
developed from PTB wasn’t the major source of

Discussion

TB contributes significantly to child morbidity
and mortality. The World Health Organization
(WHO) estimates that 550 000 children devel-
oped TB in 20136, but recent modeling studies
suggest that the burden could be much higher17,18.
Diagnosing pediatric TB is challenging, because
of non-specific symptoms, difficulties in obtain-
ing samples for microbiological examination and
paucibacillary nature of their disease19. Few stud-
ies have described clinicopathologic features of
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pediatric TPE. Usually pleurisy with effusion de-
velops in 2-38% of children with primary pul-
monary tuberculosis6,19,21.

In a report on clinical spectrum of pediatric
TPE, fever (12/92%), cough (9/69%) and malaise
(6/46%) were the most common symptoms6. Our
study showed that fever (85.7%) was the most
common symptoms in the study, following dysp-
nea (72.3%) and cough (56.3%). Few cases had
malaise (data not shown). However, only 4 (40%)
patients had dyspnea in Group 1 with younger
age, this may contribute to poor communication
skill of younger children. It was reported that effu-
sions on the right side in 55.9% of adult TPE pa-
tients, on the left side in 42.5% of patients, and on
both sides in 1.6% of patients17. Pediatric patients
also have the tendency for TPE to occur preferen-
tially on the right side (right vs. left, 51.8% vs.
44.6%), bilateral effusions are rare (3.6%).

The paucibacillary nature of pleural TB re-
duces the yield of positive stain and culture for
acid-fast bacillus. Usually, the AFB positivity in
the fluid is < 20% and fluid culture grows AFB
in 18-38% of samples, which takes 6-12 weeks9.
Comparing for adults, the sensitivity of AFB and
culture was lower in detection of TPE for pedi-
atrics17. The results was similar to that found in
our previous study or others’ reports in pediatric
tuberculosis, suggesting that a need to find better
biomarker or technologies in detection of pedi-
atric TPE10. PCR technique can be a valuable di-
agnostic tool in the detection of M. tuberculosis
from extra-pulmonary specimens for pedi-
atrics22,23. Mishra et al showed that PCR for My-
cobacterium tuberculosis was positive in 74% of
tuberculous effusions, but in our study the PCR
had low sensitivity (14.3%). The difference need
to be further validated in a prospective study.

Due to increasing ADA in parapneumonic ef-
fusions, our previous study showed that pleural
ADA wasn’t accurate in detection of pediatric
TPE24. Meanwhile, Recent study showed ADA
was associated with pleural mycobacterial tuber-
culosis burden12. This may contribute to low pos-
itivity of ADA assay in detection of pediatric
TPE. However, Light’s criteria25, ESR and pleur-
al effusion lymphocyte proportion may be useful
biomarker to differentiating TPE from other
causes. Since age was associated with WBC and
lymphocyte counts, caution should be used when
interpreting elevated WBC and lymphocyte count
in pediatric TPE patients.

Although pleural biopsy is a sensitive aid to
the diagnosis of pleural tuberculosis in children,

in this study pleural biopsies were not obtained
because they were deemed higher risk than thora-
centesis18. It was difficult to assess the utility of
diagnostic assays such as IGARs and pleural
IFN-γ in this study, as they were performed in
few children. For some children, this might have
been because TB was not suspected at the time
the procedure was performed. In other instances,
assays were not available at the time the child
was being evaluated.

Conclusions

For detection of pediatric TPE, (1) fever and
cough were the most two common symptoms; (2)
Due to paucibacillary nature of pleural TB, micro-
biologic tests showed low positivity, many new
techs or biomarkers that have been validated in
adults need to be evaluated, such as IGARs, IFN-γ
and IP-1014,26-29; (3) Light’s criteria, ESR and
pleural effusion lymphocyte proportion were use-
ful biomarkers to differentiating TPE from other
causes; (4) Pleural ADA had limited diagnostic
performance; (5) Caution should be used when ap-
plying biomarkers that are strong associated with
age.
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