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Editorial

April 2021 sees the global mortality reaching 3 million and 
the ongoing vaccination campaign continues at full speed in 
the developed countries. What is worrying is the situation in 
developing countries where the availability of COVID vaccines 
remains scarce.  

For children, COVID is usually mild and self-limited. However, 
it might not be the case for those with risk factors like young 
age or organ failure. Prof. E Lee and Prof. SJ Hong[1] presented 
a comprehensive account of the clinical spectrum of paediatric 
COVID. Co-infection is not uncommon in paediatric COVID 
leading to pneumonia and parapneumonic pleural effusion. 
Prof. YJ Wei and colleagues[2] reported their findings of follow-
up lung functions after treatment with or without fibrinolytic. 
Early use of fibrinolytic was found to be associated with less 
abnormal lung functions at follow-up. This is certainly in line 
with the current recommendation regarding use of fibrinolytic 
in complicated pneumonia with effusion. 

Other infections continue though at a lower rate because 
of the infection control measures. Tuberculosis is notably 
one of the most threatening infections especially in the 
developing countries already hammered by the COVID. 
Prof. W Anuntaseree and colleagues[3] reported an important 
observation that serum adenosine deaminase was not correlated 
with tuberculin skin test. So, MT 2 remains the investigation 
of choice, cheap and effective.

COVID sees a new norm in CME for doctors, i.e. telemedicine, 
webinar, zoom, etc. This new mode of communication allows a 
much cheaper and speedier information flow between doctors 
from different countries. I would appeal readers to send us the 
information about virtual conference held in your countries and 
we would disseminate to all members of APPS. Meanwhile, 
stay safe and well. 

Daniel K. Ng

Department of Paediatrics, Hong Kong Sanatorium and Hospital, Hong Kong
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Abstract

Review Article

Approximately 2% of coronavirus disease 2019 (COVID-19) 
infection has been occurred in children and adolescents.[1] 
The clinical spectrum of COVID-19 in children is milder than 
that in adults.[2] Furthermore, children have better outcomes 
than adults. The clinical manifestation of COVID-19 is 
similar to that of other viral respiratory infections; therefore, 
differential diagnosis is challenging. In a systematic review and 
meta-analysis, the most common symptoms in children were 
cough (mean prevalence: 49%, 95% confidence interval [95% 
CI]: 42%–56%), followed by fever (mean prevalence: 47%, 
95% CI: 41%–53%),[3] although the prevalence of common 
symptoms varies according to the study population [Table 1]. 
In addition, there was no sex difference in the COVID-19 
infection in children.[3] Although children with COVID-19 have 
a mild clinical course, some children require hospitalization 
for the management of COVID-19-associated symptoms. In 
a previous study, of the 157 children requiring hospitalization 
because of COVID-19 pneumonia, 38.2% (n = 60), 
56.1% (n = 88), and 3.8% (n = 6) children exhibited mild, 
moderate, and severe pneumonia, respectively.[4] In the Italian 
Pediatric Research networks, among the 130 children with 
COVID-19, nine (6.9%) children required intensive care and 
one (0.8%) children with cerebral palsy required intubation; 
however, none of the children died.[5] In a multinational and 
multicenter cohort study in Europe involving 582 children and 

adolescents (mean age: 5.0 years, interquartile range [IQR] 
0.5–12.0 years) infected with COVID-19, one (0.2%) child 
required extracorporeal membrane oxygenation.[6] Further, 
8% (n = 48) of children required intensive unit care and 
4% (n = 25) of children required mechanical ventilation for a 
median of 7 days.[6] In addition, four children died (case fatality 
rate: 0.69%, 95% CI: 0.20–1.82);[6] the severity of COVID-19 
in this study slightly higher than the study performed in Italy.[6] 
Based on the finding of several studies on COVID-19 infection 
in children,[3-8] children with COVID-19 present with mild 
clinical symptoms; however, few children, especially those 
with comorbidities such as neurologic or respiratory diseases, 
experience severe clinical symptoms requiring intensive care 
with respiratory support.

Children of all ages are susceptible to COVID-19 infection. 
However, the clinical features of COVID-19 can differ 

Since December 2019, coronavirus disease 2019 (COVID-19) cases have been reported. The clinical features of COVID-19 in children are 
different from those in adults including morbidity and mortality. Even in infants and children, the clinical features are different according to 
ages in some cases. The children are commonly coinfected to diverse respiratory viruses, and therefore physicians, who take care of infants 
and children infected with COVID-19, have to consider diverse clinical aspects in their patients infected with COVID-19. In this review, we 
have summarized the clinical features of COVID-19 in children.
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according to age.[9] In a systematic review of the clinical 
characteristics of COVID-19 in neonates and infants 
aged <1 year, the most common symptom was fever (17/160, 
10.6%), followed by cough (10/160, 6.3%).[9] COVID-19 in this 
pediatric population tends to have a more severe clinical course 
than that in older pediatric populations. Furthermore, compared 
with older children, neonates, and infants aged <1 year have 
an increased requirement of intensive care (11/160, 6.8%) and 
a higher risk of mortality (1/160, 0.6%).[9] Nevertheless, most 
neonates and infants aged <1 year with COVID-19 infection 
had favorable outcomes.[9] In neonates, transmission from 
family members is the most important risk factor of COVID-19 
infection.[3] On the other hand, in a systematic review and 
meta-analysis, only 6.3% of neonates born to mothers with 
confirmed COVID-19 were positive for COVID-19.[3] Even 
in children taking immunosuppressive medications, including 
immunomodulators and biologics, because of diverse chronic 
diseases such as kidney diseases and inflammatory bowel 
diseases, the clinical course of COVID-19 was mild.[10]

The household transmission rate of COVID-19 is different 
according to the age of the first documented case within 
a cluster.[11] The household transmission is high if the 
index patient is 10–19 years of age.[11] Many children with 
COVID-19 infection are asymptomatic before a diagnosis 
of COVID-19.[2,5] The viral shedding duration is associated 
with the presence and degree of respiratory symptoms of 
COVID-19 (mean: 11 days, IQR: 9–13 days in asymptomatic 
children vs. mean: 17 days, IQR: 12–23 days in symptomatic 
children).[2] Elevated levels of C-reactive protein (>3.0 mg/L) 
and procalcitonin (>0.05 ng/mL) were associated with the 

presence of symptoms in children with COVID-19 infection.[12] 
Children aged <6 years, especially those who aged <6 months, 
are at a higher risk of a severe COVID-19 than children 
aged ≥6 years.[5,12]

Diverse extrapulmonary symptoms can manifest in children 
with COVID-19 infection. COVID-19-related diseases are 
less frequent and aggressive in children than in adults.[13] 
Gastrointestinal symptoms including vomiting and diarrhea 
and headache have been reported in 21.6%–23.6%[4,12] and 
3.4%[4] children with COVID-19 infection, respectively, 
compared to adults.

Although mild respiratory symptoms have been reported in 
most children and adolescents with COVID-19 infection, 
multisystem inflammatory syndrome in children (MIS-C) 
has been reported as a severe manifestation associated with 
host innate immunity in some children with COVID-19 
infection.[14,15] MIS-C is defined according to the following 
criteria; age <21 years, serious illness requiring hospitalization, 
fever (>38.0°C) or subjective fever for at least 24 h, laboratory 
evidence of inflammation, multisystem organ involvement, 
including at least two systems, confirmed COVID-19 
infection, or an epidemiologic link to a person with COVID-19 
infection.[14,16] In a previous study, the most commonly involved 
system was the gastrointestinal system (vomiting, abdominal 
pain, and diarrhea; 45%–92%), followed by the cardiovascular 
system (myocardial dysfunction: 50%–80%), the hematologic 
system (deep vein thrombosis or pulmonary embolism, 
76%), the mucocutaneous system (74%), and the respiratory 
system (respiratory insufficiency, 70%).[15] Furthermore, 
80% (148/186) of patients with MIS-C received intensive 
care, 20% (37/186) required mechanical ventilation, 
and 2% (2/186) died.[15] Furthermore, 40% (74/186) of 
patients with MIS-C exhibited features of Kawasaki 
disease.[15] COVID-19-associated Kawasaki-like disease is 
different from the typical Kawasaki disease, in which the 
former is accompanied by a high prevalence of gastrointestinal 
symptoms and Kawasaki disease shock syndrome, which 
is defined by the presence of circulatory dysfunction and 
macrophage activation syndrome.[17,18] In previous studies, 
coronary artery dilatations were present in 8%–24% in 
COVID-19-associated Kawasaki disease or Kawasaki-like 
disease cases.[15,18] In one study from France, all of the 
children with COVID-19-associated Kawasaki-like disease 
were discharged after a mean hospitalization duration of 
8 days (range: 5–17 days).[18]

In infants aged <1 year, the prevalence of fever, cough, and 
runny nose was significantly lower for COVID-19-associated 
pneumonia than for pneumonia associated with other virus 
infection such as influenza.[19] In addition, one study found 
that the mortality rate in infants with COVID-19-associated 
pneumonia was lower than that, in those with influenza and 
other coronavirus-associated pneumonia, although there 
was no statistical significance.[19] In addition, individuals 
with COVID-19 can be coinfected with other respiratory 

Table 1: Clinical characteristics of COVID‑19 infection in 
children based on previous studies

Symptoms of COVID‑19 infection in children[3] Mean 
prevalence (95% 

CI) (%)
Cough 49 (42-56)
Fever 47 (41-53)
Sore throat 36 (30-42)
Vomiting or diarrhea 17 (12-21)
Rhinorrhea 9 (5-12)
Pneumonia 60 (54-66)
Intensive care 4 (1-6)
Prevalence of pneumonia severity in children 
requiring hospitalization because of COVID-19 
infection[4]

Mild 38.2
Moderate 56.1
Severe 3.8

Symptoms of COVID-19 in neonates and infants 
aged<1 year[5]

Fever 10.6
Cough 6.3
Intensive care 6.8
Mortality rate 0.6

CI: Confidence interval
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disease cases.[15,18] In one study from France, all of the 
children with COVID-19-associated Kawasaki-like disease 
were discharged after a mean hospitalization duration of 
8 days (range: 5–17 days).[18]

In infants aged <1 year, the prevalence of fever, cough, and 
runny nose was significantly lower for COVID-19-associated 
pneumonia than for pneumonia associated with other virus 
infection such as influenza.[19] In addition, one study found 
that the mortality rate in infants with COVID-19-associated 
pneumonia was lower than that, in those with influenza and 
other coronavirus-associated pneumonia, although there 
was no statistical significance.[19] In addition, individuals 
with COVID-19 can be coinfected with other respiratory 

Table 1: Clinical characteristics of COVID‑19 infection in 
children based on previous studies

Symptoms of COVID‑19 infection in children[3] Mean 
prevalence (95% 

CI) (%)
Cough 49 (42-56)
Fever 47 (41-53)
Sore throat 36 (30-42)
Vomiting or diarrhea 17 (12-21)
Rhinorrhea 9 (5-12)
Pneumonia 60 (54-66)
Intensive care 4 (1-6)
Prevalence of pneumonia severity in children 
requiring hospitalization because of COVID-19 
infection[4]

Mild 38.2
Moderate 56.1
Severe 3.8

Symptoms of COVID-19 in neonates and infants 
aged<1 year[5]

Fever 10.6
Cough 6.3
Intensive care 6.8
Mortality rate 0.6

CI: Confidence interval
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viruses such as Mycoplasma pneumoniae and bacteria;[20] the 
prevalence of coinfection was 5% (29/582) in a European 
cohort[6] and 40% (8/20) in a Chinese cohort.[20] Therefore, 
screening for COVID-19 in children with respiratory 
symptoms is required,[21] even if other pathogenic respiratory 
viruses or bacteria have been detected.
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IntRoductIon

The diagnosis and treatment of latent tuberculosis 
infection (LTBI) are key components of tuberculosis (TB) 
control. Children with LTBI are at high risk of developing 
active TB disease within 5 years after initial infection.[1] 
Contact investigation using a tuberculin skin test (TST) is 
the recommended method of identifying LTBI in children 
and adolescents.[2] The principle mechanism of the TST is a 
delayed-type hypersensitivity reaction, induced by the antigenic 
components of Mycobacterium TB (MTB).[3] A positive TST 
without evidence of active TB is defined as LTBI.[2] Although 
the TST is a simple and low-material procedure, the test has 
some limitations, notably operator variability and the time 
required, as the proper reading of the TST includes measuring 
and recording the diameter of the area of induration in 
millimeters 48–72 h after TST placement. In addition, TST 
specificity is reduced by the bacille Calmette-Guérin (BCG) 
vaccination.[4] As the test has low specificity, most positive 
reactions in low-risk individuals are false positives.

The interferon-gamma releasing assay (IGRA) is blood test 
that detects interferon-gamma released from T-lymphocytes 
after stimulation by MTB which has been studied as a possible 
alternative to the TST for the diagnosis of LTBI. A systematic 
review indicated that the IGRA had increased specificity 
for LTBI in children compared with TST, but varying 
sensitivities.[5] The IGRA is also much more expensive than 
the TST. Although the use of IGRA has been increasing, a 
recent study reported no clear evidence that would justify 
replacing the TST with the IGRA for detecting LTBI in 
children.[6]

Background: The tuberculin skin test (TST) is used in children who have been in contact with tuberculosis (TB). The test has limitations in 
terms of operator variability and the need for a second visit at 48–72 h for interpretation. Serum adenosine deaminase (ADA) was studied in 
adults and found to have a strong correlation with TST. Until now no data are available in the pediatric population. Objective: To examine 
the correlation between serum ADA and the TST in children who had been in contact with TB. Materials and Methods: A prospective study 
was conducted at Songklanagarind Hospital in southern Thailand among children aged 2–15 years with a history of contact TB between 
2016 and 2018. Serum ADA was obtained before performing the TST. Children with active TB disease were excluded from the analysis. 
Results: Sixty-seven children were enrolled. The serum ADA ranged from 9.3–43 IU/L. The overall correlation between serum ADA and 
TST was poor (ρ = −0.03, P = 0.84). However, a subgroup analysis excluding 32 children with TST size 0 mm and a high variation of serum 
ADA (10–37.6 IU/L) found that in the remaining children, serum ADA and TST had a moderate correlation with statistical significance (ρ 
= 0.48, P = 0.004). Conclusions: The correlation between serum ADA and TST in contact TB pediatric patients was poor. The cause of low 
correlation was due to a high variability of serum ADA level in children who had no reaction to TST.
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viruses such as Mycoplasma pneumoniae and bacteria;[20] the 
prevalence of coinfection was 5% (29/582) in a European 
cohort[6] and 40% (8/20) in a Chinese cohort.[20] Therefore, 
screening for COVID-19 in children with respiratory 
symptoms is required,[21] even if other pathogenic respiratory 
viruses or bacteria have been detected.
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The diagnosis and treatment of latent tuberculosis 
infection (LTBI) are key components of tuberculosis (TB) 
control. Children with LTBI are at high risk of developing 
active TB disease within 5 years after initial infection.[1] 
Contact investigation using a tuberculin skin test (TST) is 
the recommended method of identifying LTBI in children 
and adolescents.[2] The principle mechanism of the TST is a 
delayed-type hypersensitivity reaction, induced by the antigenic 
components of Mycobacterium TB (MTB).[3] A positive TST 
without evidence of active TB is defined as LTBI.[2] Although 
the TST is a simple and low-material procedure, the test has 
some limitations, notably operator variability and the time 
required, as the proper reading of the TST includes measuring 
and recording the diameter of the area of induration in 
millimeters 48–72 h after TST placement. In addition, TST 
specificity is reduced by the bacille Calmette-Guérin (BCG) 
vaccination.[4] As the test has low specificity, most positive 
reactions in low-risk individuals are false positives.

The interferon-gamma releasing assay (IGRA) is blood test 
that detects interferon-gamma released from T-lymphocytes 
after stimulation by MTB which has been studied as a possible 
alternative to the TST for the diagnosis of LTBI. A systematic 
review indicated that the IGRA had increased specificity 
for LTBI in children compared with TST, but varying 
sensitivities.[5] The IGRA is also much more expensive than 
the TST. Although the use of IGRA has been increasing, a 
recent study reported no clear evidence that would justify 
replacing the TST with the IGRA for detecting LTBI in 
children.[6]

Background: The tuberculin skin test (TST) is used in children who have been in contact with tuberculosis (TB). The test has limitations in 
terms of operator variability and the need for a second visit at 48–72 h for interpretation. Serum adenosine deaminase (ADA) was studied in 
adults and found to have a strong correlation with TST. Until now no data are available in the pediatric population. Objective: To examine 
the correlation between serum ADA and the TST in children who had been in contact with TB. Materials and Methods: A prospective study 
was conducted at Songklanagarind Hospital in southern Thailand among children aged 2–15 years with a history of contact TB between 
2016 and 2018. Serum ADA was obtained before performing the TST. Children with active TB disease were excluded from the analysis. 
Results: Sixty-seven children were enrolled. The serum ADA ranged from 9.3–43 IU/L. The overall correlation between serum ADA and 
TST was poor (ρ = −0.03, P = 0.84). However, a subgroup analysis excluding 32 children with TST size 0 mm and a high variation of serum 
ADA (10–37.6 IU/L) found that in the remaining children, serum ADA and TST had a moderate correlation with statistical significance (ρ 
= 0.48, P = 0.004). Conclusions: The correlation between serum ADA and TST in contact TB pediatric patients was poor. The cause of low 
correlation was due to a high variability of serum ADA level in children who had no reaction to TST.
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Adenosine deaminase (ADA) is an enzyme that is involved 
in the metabolism of purine and catalyzes the deamination 
reaction from adenosine to inosine. There are two isoforms 
of ADA. ADA-1 is found in many tissues including red blood 
cells. ADA-2 is found only in macrophages and monocytes. 
The ADA-2 level is increased in patients with TB because 
of the stimulation of T-cell lymphocytes by mycobacterial 
antigens.[7] The ADA assay, which detects total ADA, has 
been widely used for the diagnosis of TB disease in adult due 
to its simplicity, low cost, and quickly available results. The 
specificity, sensitivity, and cut-off value in various body fluids 
of this assay have been studied and the results showed high 
accuracy for the screening test. Studies in children found that 
the serum activity of ADA was significantly higher in patients 
with TB compared to those without the disease.[8,9] However, 
these studies could not reveal any diagnostic value of serum 
ADA in LTBI.

Although serum ADA is widely used for the diagnosis of TB 
disease, the use of serum ADA for LTBI diagnosis is still 
lacking. Only one study has examined the correlation between 
serum ADA and TST for the diagnosis of LTBI in adults who 
had contact with TB patients, which reported an ADA cut point 
for LTBI diagnosis of 16 U/L with the sensitivity of 84% and 
specificity of 100%.[10] This suggests the possibility of using 
serum ADA as a diagnostic test for LTBI instead of TST or 
IGRA. However, there are to date no studies in pediatric 
populations to test the potential use of ADA to detect LTBI. 
The objective of this study was to examine the correlation 
of serum ADA and TST in children who had contact with a 
TB patient.

MateRIals and Methods

Study setting and design
A prospective study was conducted at the pediatric outpatient 
clinic of Songklanagarind Hospital, Songkhla province in 
southern Thailand.

Study population and sample size calculation
Children aged 2–15 years who attended at pediatric outpatient 
clinic from November 2016 to March 2018 with a history of 
contact with pulmonary TB patients were recruited. Children 
with immunodeficiency disease, malignancy, currently using 
anti-TB, or immunosuppressive medications and/or who had 
current respiratory symptoms or fever were excluded. The 
sample size was calculated based on an estimated correlation 
coefficient of 0.5, the total number of children required in this 
study was 29.

Data collection and study procedures
The children’s caregivers were interviewed for a detailed 
history of TB contact as well as symptoms suggestive of 
TB and a physical examination was performed on all study 
subjects. Blood samples were collected to measure serum 
ADA using the conventional method,[11] which is a routine 
service in the hospital. After blood collection, a TST was 

performed by injection of 0.1 mL of the purified protein 
derivative from Mycobacterium bovine into the intradermal 
layer at the forearm and the size of any resulting induration 
was measured by a well-trained physician 48–72 h later. The 
largest transverse diameter was measured by a flexible ruler. 
Chest radiograph in the posteroanterior view was performed 
on all children and interpreted by a pediatric radiologist or 
pulmonologist.

Definitions
LTBI was defined as a positive tuberculin test (TST ≥10 
mm) without evidence of active TB disease (normal physical 
examination and chest radiography).

A child was considered to have active pulmonary TB if there 
were any signs or symptoms suggestive of TB with abnormal 
chest radiography with or without positive sputum acid-fast 
bacilli stained or culture for TB.

Statistical analysis
EpiData version 3.1 (Odense, Denmark) was used to 
develop a database of all variables. The statistical analysis 
was performed using the R software 3.5.1 (R Foundation 
for Statistical Computing, Vienna, Austria). Continuous 
variables are presented as mean and standard deviation (SD) 
or median and interquartile range (IQR) where appropriate. 
As the variables are not normally distributed, then the 
Spearman rank correlation was used for the correlational 
analysis. P values below 0.05 were considered statistically 
significant.

Ethical considerations
This study was approved by the Ethics Committee of the 
Faculty of Medicine, Prince of Songkla University, Thailand. 
All families were clearly informed of all study procedures 
before signing the consent form.

Results

Baseline characteristics of the contacted cases and index 
cases
During the study period, 77 children with a history of contact 
with TB patients were screened. Four children having TB 
diseases and six children having respiratory symptoms 
were excluded. Of the remaining 67 children who were 
analyzed, 46.3% were male and their mean age ± SD was 
85.9 ± 44 months. Forty-five children (67.2%) were exposed 
to TB from their relatives. All of the children received 
BCG vaccine at birth. Ninety-two percent of the index 
cases were symptomatic and 68.7% had positive sputum 
acid-fast bacilli [Table 1].

Tuberculin skin test and adenosine deaminase results
The TST sizes ranged from 0 to 20 mm. Thirty-two 
patients (47.8%) had TST size 0 mm and 11 (16.4%) had a 
size deemed to indicate LTBI (TST size ≥10 mm). The serum 
ADA ranged from 9.3 to 43 IU/L, median 20.7 (IQR 17.4, 
27.4).
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specificity of 100%.[10] This suggests the possibility of using 
serum ADA as a diagnostic test for LTBI instead of TST or 
IGRA. However, there are to date no studies in pediatric 
populations to test the potential use of ADA to detect LTBI. 
The objective of this study was to examine the correlation 
of serum ADA and TST in children who had contact with a 
TB patient.

MateRIals and Methods

Study setting and design
A prospective study was conducted at the pediatric outpatient 
clinic of Songklanagarind Hospital, Songkhla province in 
southern Thailand.

Study population and sample size calculation
Children aged 2–15 years who attended at pediatric outpatient 
clinic from November 2016 to March 2018 with a history of 
contact with pulmonary TB patients were recruited. Children 
with immunodeficiency disease, malignancy, currently using 
anti-TB, or immunosuppressive medications and/or who had 
current respiratory symptoms or fever were excluded. The 
sample size was calculated based on an estimated correlation 
coefficient of 0.5, the total number of children required in this 
study was 29.

Data collection and study procedures
The children’s caregivers were interviewed for a detailed 
history of TB contact as well as symptoms suggestive of 
TB and a physical examination was performed on all study 
subjects. Blood samples were collected to measure serum 
ADA using the conventional method,[11] which is a routine 
service in the hospital. After blood collection, a TST was 

performed by injection of 0.1 mL of the purified protein 
derivative from Mycobacterium bovine into the intradermal 
layer at the forearm and the size of any resulting induration 
was measured by a well-trained physician 48–72 h later. The 
largest transverse diameter was measured by a flexible ruler. 
Chest radiograph in the posteroanterior view was performed 
on all children and interpreted by a pediatric radiologist or 
pulmonologist.

Definitions
LTBI was defined as a positive tuberculin test (TST ≥10 
mm) without evidence of active TB disease (normal physical 
examination and chest radiography).

A child was considered to have active pulmonary TB if there 
were any signs or symptoms suggestive of TB with abnormal 
chest radiography with or without positive sputum acid-fast 
bacilli stained or culture for TB.

Statistical analysis
EpiData version 3.1 (Odense, Denmark) was used to 
develop a database of all variables. The statistical analysis 
was performed using the R software 3.5.1 (R Foundation 
for Statistical Computing, Vienna, Austria). Continuous 
variables are presented as mean and standard deviation (SD) 
or median and interquartile range (IQR) where appropriate. 
As the variables are not normally distributed, then the 
Spearman rank correlation was used for the correlational 
analysis. P values below 0.05 were considered statistically 
significant.

Ethical considerations
This study was approved by the Ethics Committee of the 
Faculty of Medicine, Prince of Songkla University, Thailand. 
All families were clearly informed of all study procedures 
before signing the consent form.

Results

Baseline characteristics of the contacted cases and index 
cases
During the study period, 77 children with a history of contact 
with TB patients were screened. Four children having TB 
diseases and six children having respiratory symptoms 
were excluded. Of the remaining 67 children who were 
analyzed, 46.3% were male and their mean age ± SD was 
85.9 ± 44 months. Forty-five children (67.2%) were exposed 
to TB from their relatives. All of the children received 
BCG vaccine at birth. Ninety-two percent of the index 
cases were symptomatic and 68.7% had positive sputum 
acid-fast bacilli [Table 1].

Tuberculin skin test and adenosine deaminase results
The TST sizes ranged from 0 to 20 mm. Thirty-two 
patients (47.8%) had TST size 0 mm and 11 (16.4%) had a 
size deemed to indicate LTBI (TST size ≥10 mm). The serum 
ADA ranged from 9.3 to 43 IU/L, median 20.7 (IQR 17.4, 
27.4).
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The correlation between serum adenosine deaminase and 
tuberculin skin test
Spearman correlation indicated a poor correlation between 
serum ADA and TST (ρ = −0.03, P = 0.84) [Figure 1]. The 
32 children with TST size 0 mm had a high variation of serum 
ADA (10–37.6 IU/L). We performed subgroup analysis by 
excluding these children. The result of the analysis on the 

remaining 35 children found that serum ADA and TST had 
a moderate correlation with statistical significance (ρ =0.48, 
P = 0.004) [Figure 2].

dIscussIon

Our study in children who had been in contact with TB had 
three main findings. First, the overall correlation between 
serum ADA and TST was poor. Second, 47.8% of the children 
had no reaction with TST but had a high variation of serum 
ADA levels that ranged from 10 to 37.6 IU/L. Third, the 
subgroup correlation analysis, excluding children who had 
no reaction with TST, found that serum ADA and TST had a 
moderate correlation with statistical significance. The results 
of the study indicate that the factor that decreased the overall 
correlation between serum ADA and TST is children who had 
no reaction with TST.

The finding of poor overall correlation of serum ADA and TST 
in this study is different from a previous study in adults which 
found good correlation with high sensitivity and specificity. 
The author of that study suggested that a serum ADA of ≥16 
IU/L is a strong predictor for a positive TST which can be used 
to diagnose LTBI.[10] However, our findings in children do not 
support the use of serum ADA instead of TST.

The point of interest in this study is the finding of a high 
variation of serum ADA in children who had no reaction to 
the TST. The possible causations could be explained in terms 
of factors affecting the TST and factors affecting serum ADA. 
For the factors affecting TST, the causes of the absence of a 
reaction to a TST can be classified into two categories. First are 
children who have never been exposed to MTB or who have 
a recent TB infection within 6–8 weeks of exposure. Second 
are false-negative results due to various reasons including age 
younger than 2 years, the presence of viral or bacterial infections, 
severe malnutrition, having diseases affecting lymphoid organs, 
and immunosuppressive drug use.[12] In our study, we excluded 

Table 1: Child and index case characteristics (n=67)

n (%)
Child

Male gender 31 (46.3)
Age (years)

2-2.9 10 (14.9)
3-5.9 16 (23.9)
6-9 20 (29.9)
9-15 21 (31.3)

Growth
Normal 55 (82.1)
Underweight 10 (14.9)
Obese 2 (3.0)

Index case
Relationship with a child

Parent 19 (28.3)
Relative 45 (67.2)
Other 3 (4.5)

Contact type
Live in the same house 47 (70.1)
Live in separate house 20 (29.9)

Sputum AFB
Unknown 8 (11.9)
Negative 13 (19.4)
Positive 46 (68.7)

Treatment status
During treatment <2 weeks 44 (65.7)
During treatment ≥2 weeks 20 (29.8)
No treatment 3 (4.5)

AFB=Acid-fast bacilli
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Figure 1: The overall correlation between serum adenosine deaminase 
and tuberculin skin test (n = 67).

Figure 2: The correlation between serum adenosine deaminase and 
tuberculin skin test excluding children with tuberculin skin test size 0 
mm (n = 35).



Anuntaseree, et al.: ADA and TST in children with TB contact

Pediatric Respirology and Critical Care Medicine ¦ Volume 4 ¦ Issue 3 ¦ July-September 202040

children who had conditions that could cause false-negative 
results from the study, so the remaining possibility is the first 
category, children who have never been exposed to MTB or who 
have a recent TB infection. However, we could not distinguish 
between these two conditions definitely, because we did not 
perform a follow-up TST to determine the tuberculin conversion.

For the factors affecting serum ADA, an increase in ADA 
activity can be seen in diseases associated with cellular system 
stimulation, such as viral infection, typhoid fever, infectious 
mononucleosis, liver disease, and malignancies.[13] In our study, 
we excluded sick children from the study recruitment, leaving 
the question of whether the increased serum ADA could be the 
result of TB infection.

When considering the negative TST together with high 
serum ADA, we arrived at a new hypothesis: Is it possible 
that serum ADA may be more sensitive and respond earlier 
to MTB exposure than TST in the pediatric population? 
There is some supporting evidence for this idea. In our study, 
we found that 65.7% of the index cases were during the 
first 2 weeks of treatment which could imply that the child 
has recently exposure. Furthermore, we found a moderate 
correlation between serum ADA and children who reacted to 
the TST. Hence, it is possible that serum ADA could be one 
of the markers of TB infection. Nevertheless, in our study, we 
could not definitely prove such a hypothesis. To prove that the 
serum ADA is more sensitive to MTB exposure than TST is 
challenging. Further studies with more comprehensive designs 
should be performed. Other screening tests such as IGRA are 
needed to identify the child with LTBI. Moreover, as the level 
of MTB exposure (the closeness and duration of exposure) 
is an important factor promoting airborne transmission, this 
should be used to test the hypothesis. If serum ADA is a better 
marker of TB infection than the TST, serum ADA should be 
correlated with the level of exposure to MTB. To test this, more 
extensive data collection for the levels of exposure is needed.

Our study had some limitations. First, we did not collect data on 
some factors associated with TST and ADA, such as recent live 
vaccinations which could have interfered with the results. Another 
limitation is that although diseases associated with high serum 
levels of ADA were excluded from the study, the exclusions were 
based on clinical manifestations which could have been missed 
in asymptomatic cases. In future studies, specific diagnostic tests 
should be performed to prevent this problem.

conclusIons

We observed a poor correlation between serum ADA and 
TST results in a pediatric population. These results indicate 

that serum ADA cannot replace the TST for the screening of 
LTBI in children. Further studies are needed to examine the 
hypothesis that serum ADA in the pediatric population is more 
sensitive to MTB exposure.
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Abstract

Original Article

IntRoductIon

Pleural effusions are common complications of pediatric 
bacterial pneumonias. They occur in 21%–91% of cases.[1,2] 
Failure to control the pleural process may lead to progressive 
disease and complicated parapneumonic effusions (CPEs) or 
empyema.[3-5] Children with CPE typically have compromised 
gas exchange, which must be managed with several days of 
hospitalization using systemic antibiotic treatment, chest 
tube drainage, intrapleural fibrinolytic therapy, or surgical 
intervention.[6] While most children clinically improve within 
a few weeks after they have been discharged from the hospital, 
it remains unclear whether the injury and subsequent repair 
of the damaged lung allow a full return to premorbid lung 
function.

There is increasing evidence that lower respiratory tract 
infections in childhood are associated with subsequent reduced 
lung function.[7-10] However, studies[11-14] on pulmonary function 
tests (PFTs) in children who have had empyema or pleural 

effusions report inconsistent findings, and not all studies on 
PFTs in children have found abnormalities after empyema.[15,16] 
Moreover, the dearth of follow-up pulmonary function studies 
preclude comparing the efficacy of different CPE treatment 
modalities. Our previous studies[17,18] showed that intrapleural 
fibrinolytic treatment is a safe and effective adjunct therapy, 
and that it should be attempted early on, when children are 
first diagnosed with CPE.

We hypothesized that breaking down the formation of fibrous 
pleural loculations as early as possible prevented additional 

Objectives: Although children with complicated parapneumonic effusions (CPEs) clinically improve within weeks after being discharged from 
the hospital, it remains unclear whether the injury and subsequent repair of the damaged lung allow a full return to premorbid lung function. We 
investigated the pulmonary function status in children whose CPE had been treated with different modalities. Patients and Methods: We therefore 
enrolled forty patients with a history of CPE: (1) patients treated with systemic antibiotics and conventional chest tube therapy only (control 
Group 1, n = 11); (2) patients treated with systemic antibiotics, conventional chest tube therapy, and intrapleural fibrinolytic therapy (Group 2, 
n = 20); and (3) patients treated with surgical intervention in addition to prior medical treatment (Group 3, the surgical rescue group, n = 9). 
Pulmonary function tests were done when patients had been discharged at least for 1 year. We used a spirometry test for pediatric pulmonary 
functions. Results: The basic demographic data of the three groups were not significantly different. The forced volume vital capacity (FVC) 
and forced expiratory volume in 1 s (FEV1) were significantly higher in Group 2 patients (percentage of the predicted value in FVC: 87.6% 
± 8.5% versus 79.2% ± 13.4% (Group 1) vs. 77.6% ± 9.0% (Group 3)). Significantly, fewer Group 2 patients had abnormal pulmonary 
function (P < 0.05). Conclusions: Our data support a growing body of evidence that empyema in children may lead to reduced lung function 
later in life for a subset of patients.

Keywords: Complicated parapneumonic effusions, empyema, intrapleural fibrinolytic therapy, pulmonary function, surgical therapy
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children who had conditions that could cause false-negative 
results from the study, so the remaining possibility is the first 
category, children who have never been exposed to MTB or who 
have a recent TB infection. However, we could not distinguish 
between these two conditions definitely, because we did not 
perform a follow-up TST to determine the tuberculin conversion.

For the factors affecting serum ADA, an increase in ADA 
activity can be seen in diseases associated with cellular system 
stimulation, such as viral infection, typhoid fever, infectious 
mononucleosis, liver disease, and malignancies.[13] In our study, 
we excluded sick children from the study recruitment, leaving 
the question of whether the increased serum ADA could be the 
result of TB infection.

When considering the negative TST together with high 
serum ADA, we arrived at a new hypothesis: Is it possible 
that serum ADA may be more sensitive and respond earlier 
to MTB exposure than TST in the pediatric population? 
There is some supporting evidence for this idea. In our study, 
we found that 65.7% of the index cases were during the 
first 2 weeks of treatment which could imply that the child 
has recently exposure. Furthermore, we found a moderate 
correlation between serum ADA and children who reacted to 
the TST. Hence, it is possible that serum ADA could be one 
of the markers of TB infection. Nevertheless, in our study, we 
could not definitely prove such a hypothesis. To prove that the 
serum ADA is more sensitive to MTB exposure than TST is 
challenging. Further studies with more comprehensive designs 
should be performed. Other screening tests such as IGRA are 
needed to identify the child with LTBI. Moreover, as the level 
of MTB exposure (the closeness and duration of exposure) 
is an important factor promoting airborne transmission, this 
should be used to test the hypothesis. If serum ADA is a better 
marker of TB infection than the TST, serum ADA should be 
correlated with the level of exposure to MTB. To test this, more 
extensive data collection for the levels of exposure is needed.

Our study had some limitations. First, we did not collect data on 
some factors associated with TST and ADA, such as recent live 
vaccinations which could have interfered with the results. Another 
limitation is that although diseases associated with high serum 
levels of ADA were excluded from the study, the exclusions were 
based on clinical manifestations which could have been missed 
in asymptomatic cases. In future studies, specific diagnostic tests 
should be performed to prevent this problem.

conclusIons

We observed a poor correlation between serum ADA and 
TST results in a pediatric population. These results indicate 

that serum ADA cannot replace the TST for the screening of 
LTBI in children. Further studies are needed to examine the 
hypothesis that serum ADA in the pediatric population is more 
sensitive to MTB exposure.
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Pleural effusions are common complications of pediatric 
bacterial pneumonias. They occur in 21%–91% of cases.[1,2] 
Failure to control the pleural process may lead to progressive 
disease and complicated parapneumonic effusions (CPEs) or 
empyema.[3-5] Children with CPE typically have compromised 
gas exchange, which must be managed with several days of 
hospitalization using systemic antibiotic treatment, chest 
tube drainage, intrapleural fibrinolytic therapy, or surgical 
intervention.[6] While most children clinically improve within 
a few weeks after they have been discharged from the hospital, 
it remains unclear whether the injury and subsequent repair 
of the damaged lung allow a full return to premorbid lung 
function.

There is increasing evidence that lower respiratory tract 
infections in childhood are associated with subsequent reduced 
lung function.[7-10] However, studies[11-14] on pulmonary function 
tests (PFTs) in children who have had empyema or pleural 

effusions report inconsistent findings, and not all studies on 
PFTs in children have found abnormalities after empyema.[15,16] 
Moreover, the dearth of follow-up pulmonary function studies 
preclude comparing the efficacy of different CPE treatment 
modalities. Our previous studies[17,18] showed that intrapleural 
fibrinolytic treatment is a safe and effective adjunct therapy, 
and that it should be attempted early on, when children are 
first diagnosed with CPE.

We hypothesized that breaking down the formation of fibrous 
pleural loculations as early as possible prevented additional 

Objectives: Although children with complicated parapneumonic effusions (CPEs) clinically improve within weeks after being discharged from 
the hospital, it remains unclear whether the injury and subsequent repair of the damaged lung allow a full return to premorbid lung function. We 
investigated the pulmonary function status in children whose CPE had been treated with different modalities. Patients and Methods: We therefore 
enrolled forty patients with a history of CPE: (1) patients treated with systemic antibiotics and conventional chest tube therapy only (control 
Group 1, n = 11); (2) patients treated with systemic antibiotics, conventional chest tube therapy, and intrapleural fibrinolytic therapy (Group 2, 
n = 20); and (3) patients treated with surgical intervention in addition to prior medical treatment (Group 3, the surgical rescue group, n = 9). 
Pulmonary function tests were done when patients had been discharged at least for 1 year. We used a spirometry test for pediatric pulmonary 
functions. Results: The basic demographic data of the three groups were not significantly different. The forced volume vital capacity (FVC) 
and forced expiratory volume in 1 s (FEV1) were significantly higher in Group 2 patients (percentage of the predicted value in FVC: 87.6% 
± 8.5% versus 79.2% ± 13.4% (Group 1) vs. 77.6% ± 9.0% (Group 3)). Significantly, fewer Group 2 patients had abnormal pulmonary 
function (P < 0.05). Conclusions: Our data support a growing body of evidence that empyema in children may lead to reduced lung function 
later in life for a subset of patients.
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lung damage. We therefore wanted to follow-up our previous 
patients by investigating the pulmonary function status in these 
children who recovered from CPE managed using different 
treatment modalities.

PatIents and Methods

Patient selection
Potential study participants admitted to National Cheng 
Kung University Hospital for CPE between January 1, 1992, 
and January 31, 2005, were identified from our existing 
patient database.[17,18] Inclusion criteria based on the current 
definitions of CPE that required chest tube drainage included 
at least one of the following characteristics of pleural effusion: 
PH <7.2, glucose <40 mg/dL, total protein >5 g/dL, lactate 
dehydrogenase >1,000 IU/L, a grossly purulent appearance, or 
a positive Gram stain.[17-19] The exclusion criteria were one or 
more of the following: age <5 years at the time of the pulmonary 
function evaluation, discharged from the hospital because of 
CPE when <1 year old, or a medically significant history of 
diseases that affect lung function (excluding mild intermittent 
asthma). Patients who met the inclusion criteria were sent a letter 
asking whether they would be willing to participate in the study.

We divided the patients into three groups based on previous 
studies: those who had been given (1) systemic antibiotics plus 
conventional chest tube therapy only (conventional group); (2) 
systemic antibiotics, conventional chest tube therapy, and 
early intrapleural fibrinolytic therapy (either streptokinase or 
urokinase) (fibrinolytic Group); and (3) open chest surgical 
intervention (decortication, empyemectomy, or both) in 
addition to prior medical therapy (Surgical Rescue Group). 
The surgical intervention was done after 7 days of persistent 
fever (body temperature >38.0°C) despite appropriate therapy 
or because of a lung abscess proved by computer tomography 
of the chest. Indications for surgery remained the same during 
the entire study period.[17,18] To verify the referenced normal 
data in Zapletal et al.,[20] we enrolled thirty healthy age-matched 
children as a local control group.

Patients participating in the study filled in a questionnaire on 
their respiratory symptoms and medications since hospital 
discharge and were given a physical examination and a PFT. 
Their previous admission charts were reviewed to collect the 
basic information. The study protocol was approved by our 
institutional review board, and written informed consent was 
obtained from the patients’ parents.

Pulmonary function testing
Spirometry, using standard procedures recommended by the 
American Thoracic Society (ATS),[21] was used to test pulmonary 
function in all participants (Model 2000 Easy‑One Spirometer; 
NDD Medical Technologies, Andover, MA).[22] Each child 
was briefly instructed on the particulars of the test by the same 
technician, who was blinded to each patient’s clinical history. 
Each testee’s nose was sealed manually or with appropriately 
sized spirometry nose clips. All PFTs were completed between 
July 1 and September 30, 2006. All measured indices for 

spirometry are expressed as a percentage of the predicted normal 
values based on the results reported in Zapletal et al.[20]

Interpretation of pulmonary function test
Spirometry results that did not meet the ATS criteria for 
acceptability and reproducibility were excluded from the 
analysis.[23] Each participant’s lung function test result was 
classified as normal, obstructive, or restrictive. We defined 
obstructive function as a predicted forced expiratory volume 
in 1 s (FEV1)/forced volume vital capacity (FVC) ≤80% with 
either a predicted FEV1 of ≤80% or a predicted mean forced 
expiratory flow during the middle half of the FVC (FEF25–75) 
of ≥65%. The definition for restrictive function was an 
FVC ≤80%, with a normal or elevated FEV1/FVC.[12]

Statistical analysis
We used a one-way ANOVA with post hoc test to compare, 
between each pair of groups, continuous variables: age at 
illness, age at PFT, body weight, body height, length of 
hospital stay for CPE, fever duration after initial treatment, and 
pulmonary function parameters. To compare category variables 
such as gender, CPE etiologies, and the number of patients with 
abnormal pulmonary function, we used a Chi-square test. For 
numbers <5, we used Fisher’s exact test. Statistical significance 
was set at P < 0.05. Data are means ± standard deviation.

Results

From January 1, 1992, to January 31, 2005, we identified 
72 patients who met our stipulated definition of CPE and who 
had received a complete course of treatment in our hospital. 
Forty-nine (68%) responded to our invitation and agreed to 
participate in this study. Five of the 49 had PFTs that did not 
conform to ATS guidelines, three had active symptoms of 
current respiratory disease, and one had a history of persistent 
asthma controlled with medication; all nine were thus excluded 
from the analysis. We finally enrolled and analyzed forty 
participants (16 boys and 24 girls; age range: 61–178 months; 
mean age: 90.1 ± 22.7 months).

The mean age at the time of illness was 43.5 ± 21.7 months (range: 
8–130 months). There were 11 participants in the conventional 
Group, 20 in the fibrinolytic Group (11 had been given 
streptokinase, and 9 had been given urokinase), and 9 in the 
surgical rescue group (seven had been given conventional 
treatment before surgery and two had been given fibrinolytic 
therapy before surgery). In the surgical rescue group, eight 
participants had been given a lobectomy for lung abscess, and one 
had been given decortication only. Twenty (50%) participants had 
manifested culture-proven bacterial pathogens (Streptococcus 
pneumoniae [n = 17], Pseudomonas aeruginosa [n = 2], and 
Staphylococcus aureus [n = 1]). The physical examinations 
for all participants were normal, and all were clinically 
asymptomatic [Table 1]. Although participants in the surgical 
rescue group were significantly younger at the time of their 
illness, and the time from hospital discharge to the test was 
significantly shorter in the fibrinolytic Group, the age at PFT, 
gender, body weight, and body height did not significantly differ.
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Thirty healthy children (15 boys and 15 girls; age range: 
60–146 months; mean age: 84.4 ± 25.1 months) were enrolled 
as the local control group. There were no significant differences 
between the local control group and the fibrinolytic group. Both 
FVC and FEV1 were significantly higher in the fibrinolytic 
group than in the surgical rescue group and conventional 
group (percentage of the predicted value in FVC: 87.6 ± 8.5 vs. 
77.6 ± 9.0 vs. 79.2 ± 13.4; percentage of the predicted value in 
FEV1: 89.7 ± 10.9 vs. 75.1 ± 17.4 vs. 80.5 ± 16.2) [Table 2]. 
Although FVC, FEV1, FEF25–75, FEF25, and FEF50 were higher 
in the conventional group than in the surgical rescue group, 
the differences were not significant. The fibrinolytic group 
had significantly fewer participants with abnormal pulmonary 
function than did the other two groups [Table 3; P < 0.05]. The 
proportion of parenchyma damage is higher in surgical group.

dIscussIon

Although empyema is not unusual in either adults or children, 
there are some differences. Empyema is rarely associated 
with any mortality in children in developed countries, and 
the long-term survival is excellent with surgical or medical 
treatment.[24-26] Therefore, attention should be paid to the 
recovery of pulmonary function. In this study, we found that 
up to 25% of children with CPE were classified as having 
abnormal pulmonary function, although they remained 
asymptomatic even after they had been discharged from 
hospital for at least 1 year. Our data support a growing body 

of evidence that, for a subset of patients, pediatric empyema 
leads to reduced lung function later in life.

Among studies[11,12,14-16,27] that have addressed the long-term 
outcomes of children who recovered from empyema, the 
most consistent findings are a complete clinical recovery 
with no residual symptoms, and a complete return to normal 
of chest X-rays. One study[26] found that even at 6 months 
posttreatment for empyema, nearly 90% of patients had 
abnormal chest X-rays; a more recent study[28] that reviewed 
ventilation-perfusion scans reported that the scan data were 
nearly normal.[28] Gocmen et al.[15] reported that patients given 
only conservative treatment had normal pulmonary function 
3 months posttreatment, and Hoff et al.[16] reported normal 
pulmonary function in children with empyema treated with 
decortication. Other studies[12,14] reported evidence of restrictive 
patterns of lung function in children with a history of empyema. 
In the current study, although lung function was normal in most 
patients 2 years after discharge, ten of the forty patients still 
had evidence of abnormal pulmonary function (restrictive or 
obstructive pattern). Three possible reasons for the different 
findings in these studies are dissimilarities in PFT equipment, 
different reference standards, and a lack of consensus pediatric 
guidelines for defining obstructive and restrictive PFT patterns. 
Differences in the patient populations studied, including the 
severity of the pleural inflammation at the time of illness and 
the infectious agents causing the effusions, may also have 
contributed to the long-term effects on pulmonary function in 

Table 1: Clinical characteristics and demographic data

Group 1 (n=11) Group 2 (n=20) Group 3 (n=9) Nonparticipants (n=32)
Gender (male/female) 5/6 6/14 5/4 20/12
Age at illness (months) 41.5±19.3 51.2±23.0 28.9±13.4〒 44.8±34.2
Duration of fever before 
admission (days)

6.4±3.3 6.5±3.6 5.0±3.6 7.0±3.4

White blood cell count (k/cm2) 19163±6378 20035±14460 13578±4459 20871±11218
C-reactive protein (mg/L) 243.1±127.6 274.8±93.3 310.6±96.3 242.1±180.5
Light’s classification (number 
of patients)

Class 3 (3)¶ Class 3 (4)¶ Class 3 (0)¶ Class 3 (13)¶

Class 4 (7)¶ Class 4 (11)¶ Class 4 (3)¶ Class 4 (12)¶

Class 5 (0)¶ Class 5 (2)¶ Class 5 (2)¶ Class 5 (1)¶

Class 6 (1) Class 6 (3) Class 6 (4) Class 6 (6)
Pleural effusion total protein 
(g/dl)

3.46±1.03 3.80±0.65 3.98±0.89 4.01±1.09

Pleural effusion lactate 
dehydrogenase (IU/L)

6284±4222 7422±3843 16549±11725 5622±6084

Total admission days (days) 14.7±5.1 15.5±5.2 23.4±9.2 15.0±4.3
Empyema culture results 
(number of patients)

S. pneumoniae (5) S. pneumoniae (6)¶ P. 
aeruginosa (1)¶ S. aureus (1)

S. pneumoniae (6)¶ P. 
aeruginosa (1)¶

S. pneumoniae (8)
S. aureus (2)¶ Group A 

Streptococcus (1)¶

Time from discharge to test 
(months)

57.1±14.1 34.3±10.1*, ¶ 61.0±23.9 N/A

Age at PFT (months) 98.7±17.8 85.5±24.1 89.9±24.3 N/A
Body weight at PFT (kg) 28.1±7.1 25.6±8.9 25.2±7.5 N/A
Body height at PFT (cm) 129.3±9.7 121.7±11.1 124.6±12.1 N/A
Lung parenchyma damage Lung abscess (1)¶ 

Necrotizing poneumonia (1)¶
Lung abscess (2)¶ 

bronchopleural fistula (1)¶
Lung abscess (8)¶ 

Bronchopeural fistula (1)¶

*P<0.05 (Group 2 compared with Group 3), ¶P<0.05 (Group 1 compared with Group 2), 〒P<0.05 (Group 1 and 2 compared with Group 3). 
PFT=Pulmonary function test, S. pneumonia=Streptococcus pneumonia, S. aureus=Staphylococcus aureus, P. aeruginosa=Pseudamonus aeruginosa
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Thirty healthy children (15 boys and 15 girls; age range: 
60–146 months; mean age: 84.4 ± 25.1 months) were enrolled 
as the local control group. There were no significant differences 
between the local control group and the fibrinolytic group. Both 
FVC and FEV1 were significantly higher in the fibrinolytic 
group than in the surgical rescue group and conventional 
group (percentage of the predicted value in FVC: 87.6 ± 8.5 vs. 
77.6 ± 9.0 vs. 79.2 ± 13.4; percentage of the predicted value in 
FEV1: 89.7 ± 10.9 vs. 75.1 ± 17.4 vs. 80.5 ± 16.2) [Table 2]. 
Although FVC, FEV1, FEF25–75, FEF25, and FEF50 were higher 
in the conventional group than in the surgical rescue group, 
the differences were not significant. The fibrinolytic group 
had significantly fewer participants with abnormal pulmonary 
function than did the other two groups [Table 3; P < 0.05]. The 
proportion of parenchyma damage is higher in surgical group.

dIscussIon

Although empyema is not unusual in either adults or children, 
there are some differences. Empyema is rarely associated 
with any mortality in children in developed countries, and 
the long-term survival is excellent with surgical or medical 
treatment.[24-26] Therefore, attention should be paid to the 
recovery of pulmonary function. In this study, we found that 
up to 25% of children with CPE were classified as having 
abnormal pulmonary function, although they remained 
asymptomatic even after they had been discharged from 
hospital for at least 1 year. Our data support a growing body 

of evidence that, for a subset of patients, pediatric empyema 
leads to reduced lung function later in life.

Among studies[11,12,14-16,27] that have addressed the long-term 
outcomes of children who recovered from empyema, the 
most consistent findings are a complete clinical recovery 
with no residual symptoms, and a complete return to normal 
of chest X-rays. One study[26] found that even at 6 months 
posttreatment for empyema, nearly 90% of patients had 
abnormal chest X-rays; a more recent study[28] that reviewed 
ventilation-perfusion scans reported that the scan data were 
nearly normal.[28] Gocmen et al.[15] reported that patients given 
only conservative treatment had normal pulmonary function 
3 months posttreatment, and Hoff et al.[16] reported normal 
pulmonary function in children with empyema treated with 
decortication. Other studies[12,14] reported evidence of restrictive 
patterns of lung function in children with a history of empyema. 
In the current study, although lung function was normal in most 
patients 2 years after discharge, ten of the forty patients still 
had evidence of abnormal pulmonary function (restrictive or 
obstructive pattern). Three possible reasons for the different 
findings in these studies are dissimilarities in PFT equipment, 
different reference standards, and a lack of consensus pediatric 
guidelines for defining obstructive and restrictive PFT patterns. 
Differences in the patient populations studied, including the 
severity of the pleural inflammation at the time of illness and 
the infectious agents causing the effusions, may also have 
contributed to the long-term effects on pulmonary function in 

Table 1: Clinical characteristics and demographic data

Group 1 (n=11) Group 2 (n=20) Group 3 (n=9) Nonparticipants (n=32)
Gender (male/female) 5/6 6/14 5/4 20/12
Age at illness (months) 41.5±19.3 51.2±23.0 28.9±13.4〒 44.8±34.2
Duration of fever before 
admission (days)

6.4±3.3 6.5±3.6 5.0±3.6 7.0±3.4

White blood cell count (k/cm2) 19163±6378 20035±14460 13578±4459 20871±11218
C-reactive protein (mg/L) 243.1±127.6 274.8±93.3 310.6±96.3 242.1±180.5
Light’s classification (number 
of patients)

Class 3 (3)¶ Class 3 (4)¶ Class 3 (0)¶ Class 3 (13)¶

Class 4 (7)¶ Class 4 (11)¶ Class 4 (3)¶ Class 4 (12)¶

Class 5 (0)¶ Class 5 (2)¶ Class 5 (2)¶ Class 5 (1)¶

Class 6 (1) Class 6 (3) Class 6 (4) Class 6 (6)
Pleural effusion total protein 
(g/dl)

3.46±1.03 3.80±0.65 3.98±0.89 4.01±1.09

Pleural effusion lactate 
dehydrogenase (IU/L)

6284±4222 7422±3843 16549±11725 5622±6084

Total admission days (days) 14.7±5.1 15.5±5.2 23.4±9.2 15.0±4.3
Empyema culture results 
(number of patients)

S. pneumoniae (5) S. pneumoniae (6)¶ P. 
aeruginosa (1)¶ S. aureus (1)

S. pneumoniae (6)¶ P. 
aeruginosa (1)¶

S. pneumoniae (8)
S. aureus (2)¶ Group A 

Streptococcus (1)¶

Time from discharge to test 
(months)

57.1±14.1 34.3±10.1*, ¶ 61.0±23.9 N/A

Age at PFT (months) 98.7±17.8 85.5±24.1 89.9±24.3 N/A
Body weight at PFT (kg) 28.1±7.1 25.6±8.9 25.2±7.5 N/A
Body height at PFT (cm) 129.3±9.7 121.7±11.1 124.6±12.1 N/A
Lung parenchyma damage Lung abscess (1)¶ 

Necrotizing poneumonia (1)¶
Lung abscess (2)¶ 

bronchopleural fistula (1)¶
Lung abscess (8)¶ 

Bronchopeural fistula (1)¶

*P<0.05 (Group 2 compared with Group 3), ¶P<0.05 (Group 1 compared with Group 2), 〒P<0.05 (Group 1 and 2 compared with Group 3). 
PFT=Pulmonary function test, S. pneumonia=Streptococcus pneumonia, S. aureus=Staphylococcus aureus, P. aeruginosa=Pseudamonus aeruginosa
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Table 2: Pulmonary function data

Group 1 (n=11) Group 2 (n=20) Group 3 (n=9) Healthy control group (n=30)
FVC (percentage of predicted value) 79.2±13.4 87.6±8.5*, ¶ 77.6±9.0 93.0±4.2
FEV1 (percentage of predicted value) 80.5±16.2 89.7±10.9*, ¶ 75.1±17.4 93.4±8.7
FEV1/FVC (percentage of predicted value) 97.8±8.2 99.4±9.3 91.9±14.3 100.3±6.6
FEF25-75 (percentage of predicted value) 84.4±14.4 88.4±16.0 75.8±12.9 91.7±5.8
FEF25 (percentage of predicted value) 85.3±10.1 87.0±12.3 81.1±14.5 89.8±8.4
FEF50 (percentage of predicted value) 82.3±13.6 89.5±16.6 80.8±13.7 92.2±7.6
FEF75 (percentage of predicted value) 80.3±11.5 83.8±14.2 82.7±16.7 86.9±6.5
PEF (percentage of predicted value) 85.4±11.9 87.2±8.2 82.1±15.7 90.2±7.7
*P<0.05 (Group 1 compared with Group 2), ¶P<0.05 (Group 2 compared with Group 3). FVC=Forced vital capacity, FEV1=Forced expiratory volume 
in 1 s, FEF=Forced expiratory flow, FEF25-75=Mean forced expiratory flow between 25% and 75% of FVC, FEF25=Instantaneous forced expiratory flow 
when 25% of the FVC has been expired, FEF50=Instantaneous forced expiratory flow when 50% of the FVC has been expired, FEF75=Instantaneous forced 
expiratory flow when 75% of the FVC has been expired, PEF=Peak expiratory flow

Table 3: Number of patients with normal and abnormal pulmonary function

Group 1 (n=11) Group 2 (n=20) Group 3 (n=9) Total
Number of normal PFT 8 18 4 30
Number of abnormal PFT 3 2* 5 10

Restrictive type PFT 2 1 2 5
Obstructive type PFT 1 1 3 5

*P<0.05 (Fisher’s exact test). PFT=Pulmonary function test
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these study populations. In the present study, the initial clinical 
parameters in the surgical rescue group were more severe than 
in the other two groups, which may also be a morbidity cofactor 
for abnormal pulmonary function. In addition, there might 
have been a degree of selection bias in the study because the 
participants were not randomly selected patients but volunteers.

In this study, participants in the surgical rescue group had the 
lowest FVC and FEV1. A possible explanation of why this 
was so may be that those patients had been given surgery only 
after medical therapy had failed. According to our previous 
management policy,[17,18] surgical intervention (decortication 
or lobectomy) was given only after a patient had 7 days 
of persistent fever (body temperature >38.0°C) despite 
appropriate therapy or because of a lung abscess identified 
by a computed tomography scan of the chest. At this stage, 
empyema may progress through a loculated, fibrinopurulent 
stage to the final organizing stage.[4,5] Therefore, early 
intervention to lyse fibrin deposits in the pleural space 
may improve long-term outcomes. This may also explain 
why participants in this study’s fibrinolytic group had 
a better FVC than those in the conventional group. Our 
previous studies[17,18] showed that fibrinolytic therapy 
increased the volume of chest tube drainage concurrent 
with clinical improvement. Intrapleural administration 
of fibrinolytic agents has been proved to effectively lyse 
fibrous pleural material and to break down septa.[17-19,26,29] 
However, we could not exclude that open thoracotomy 
itself may disrupt chest-wall mechanics and affect lung 
function irrespective of the underlying indication for surgery. 
Recently, video-assisted thoracoscopic surgery (VATS) 
has been proposed[30] as a less invasive surgical technique 

suitable for primary procedures. The exact point at which 
thoracoscopy becomes useful in the management of pleural 
sepsis remains unclear and is even less well defined than the 
role of fibrinolytics.[26]

In the present study, ten of the forty patients had evidence 
of abnormal pulmonary function (restrictive or obstructive 
pattern) as late as 2 years after they had been discharged 
from hospital. This restrictive pattern may reflect residual 
parenchymal or pleural disease in which loculations that 
bridge the parietal and visceral pleura have not completely 
resolved and thus prohibit full lung expansion. Another 
study[12] suggested that bacterial infection may injure and 
scar airways, which will lead to persistent obstruction in 
growing children. However, the limitation of lung function 
was mild in this subset of patients and appeared to be clinically 
insignificant with no abnormalities detected on physical 
examinations; none of the patients was taking daily respiratory 
medicine. To screen for high-risk patients, a follow-up PFT is, 
therefore, important. Spirometry is the most commonly used 
PFT for patients with CPE. A portable spirometer is more 
convenient than a standard spirometer for clinical recordings 
pulmonary function.[22]

The major limitation of this study is that our study population 
was small. Studies with much larger populations are necessary 
to verify our conclusions. All of our study participants 
underwent a single lung function assessment several years after 
they had been discharged from the hospital. It would have been 
beneficial to have begun longitudinally monitoring their lung 
function from soon after discharge. This would have helped 
us determine whether lung function initially recovers before 
subsequently deteriorating or whether it fails to recover at all.
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conclusIons

This study showed that although all the study participants 
who had recovered from empyema were asymptomatic, there 
was still a relatively high incidence of study participants 
with abnormal pulmonary function, especially those who had 
needed and been given more invasive surgical intervention. 
Perhaps the latter had presented with a more severe clinical 
condition. Our data also indicate that early intervention to 
lyse fibrous pleural effusion leads to, or is at least correlated 
with, better pulmonary function outcomes. Because we had 
no follow-up pulmonary function data from patients who 
underwent mini-invasive procedures, such as VATS, to 
confirm our findings, it is necessary to evaluate the follow-up 
pulmonary function data of more patients who were given 
different types of treatments.
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conclusIons

This study showed that although all the study participants 
who had recovered from empyema were asymptomatic, there 
was still a relatively high incidence of study participants 
with abnormal pulmonary function, especially those who had 
needed and been given more invasive surgical intervention. 
Perhaps the latter had presented with a more severe clinical 
condition. Our data also indicate that early intervention to 
lyse fibrous pleural effusion leads to, or is at least correlated 
with, better pulmonary function outcomes. Because we had 
no follow-up pulmonary function data from patients who 
underwent mini-invasive procedures, such as VATS, to 
confirm our findings, it is necessary to evaluate the follow-up 
pulmonary function data of more patients who were given 
different types of treatments.
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