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Introduction

With the widespread application of cardiovascular 
imaging approaches,  pericardial  effusion is being 
increasingly recognized (1). Among the potential reasons 
for pericardial effusion, tuberculous pericarditis is one of 
the more frequent aetiologies, especially in developing  
countries (2). The mortality from tuberculous pericarditis 
ranges from 7% to 40% (2).  Timely and accurate 
identification of tuberculous pericarditis is crucial because 
it is the basis for the selection of the anti-tuberculosis 

therapy approach. Currently, the diagnosis of tuberculous 
pericarditis is usually based on culture, histological 
examination and Ziehl-Neelsen staining (3). However, 
pericardial effusion culture is time-consuming and the 
sensitivity is not satisfactory. Histological examination 
and Ziehl-Neelsen staining have high specificity, but the 
sensitivity is greatly affected by the experience of the 
observers. In addition, sampling error is also a problem. 

Interferon-gamma is a type of cytokine produced by Th1 
cells in response to Mycobacterium tuberculosis (4). During 
the past few years, increasing numbers of studies have 
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proved that interferon-gamma is a useful diagnostic marker 
for tuberculosis. For example, a meta-analysis showed that 
tests for interferon-gamma in pleural fluid has extremely 
high sensitivity and specificity for tuberculous pleurisy (5). 
In addition, interferon-gamma in cerebrospinal fluid (CSF) 
is also a useful biomarker for tuberculous meningitis (6). 
To date, several studies have investigated the diagnostic 
accuracy of pericardial effusion interferon-gamma for 
tuberculous pericarditis, but the results have varied. Here, 
we performed a meta-analysis to investigate the diagnostic 
accuracy of testing for interferon-gamma for tuberculous 
pericarditis in patients with pericardial effusion.

Methods

Database and literature search strategies

This study was performed in accordance with the Preferred 
Reporting Items for Systematic reviews and Meta-analyses 
(PRISMA) (7). The PubMed and EMBASE databases 
were searched to identify potential studies (last search 
time: March 25, 2017). The search algorithm in PubMed 
was as follows: [“Pericarditis, Tuberculous” (mesh) 
OR Pericarditis] AND [“Interferon-gamma” (nm) OR 
interferon OR IFN]. In EMBASE, the search algorithm 
was as follows: ‘pericarditis’/exp OR pericarditis AND 
(‘interferon’/exp OR interferon), and the publication type 
was restricted to articles and short surveys. A manual search 
of the references listed in the included articles was also 
performed.

Study selection and data extraction

Studies investigating the diagnostic accuracy of tests of 
interferon-gamma for tuberculous pericarditis in patients 
with pericardial effusion were included in this meta-
analysis. The exclusion criteria of this meta-analysis were 
as follows: (I) non-English publications; (II) animal studies; 
(III) reviews; and (IV) unable to construct a 2-by-2 table 
from the reported data. Two reviewers independently 
reviewed the titles and abstracts of the retrieved studies and 
identified the potential eligible studies. Full-text review was 
performed if necessary. 

Two reviewers independently extracted the following 
data from the included studies: first author’s name, year of 
publication, country of subjects, sample sizes, characteristics 
of the study population (age, sex, and HIV infection), 
test assays for interferon-gamma, type of data collection 

(prospective or retrospective), reference standards, 
thresholds of interferon-gamma and its corresponding 
sensitivity and specificity. 

Quality assessment

The revised Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS-2) was used to assess the quality 
of the eligible studies (8). The quality assessment was 
independently performed by two reviewers, and any 
disagreement was resolved by consensus. 

Statistical analysis

The overall diagnostic sensitivity and specificity of the 
tests of interferon-gamma for tuberculous pericarditis were 
pooled by a bivariate model (9). Forest plots for sensitivity 
and specificity, as well as summary receiver operating 
characteristic (sROC) curves, were generated using RevMan 
5.3. (Cochrane Library, London, UK). All analyses were 
performed in Stata 12.0 (Stata Corp LP, College Station, 
TX, USA), using the command midas. A P value less than 
0.05 was defined as statistically significant.

Results

Summary of the included studies

Figure 1 shows a flowchart of study selection. Five studies 
were included after literature screening. Two studies were 
from the same cohort (10,11), and only the one with a 
larger sample size was included. Therefore, four studies 
(11-14) were included in the present meta-analysis, and a 
summary of the included studies is listed in Table 1. Three 
of the four included studies were performed in South Africa 
(11-13), and one was performed in Iran (14). The sample 
sizes ranged from 38 to 233, with a total sample size of 
488. The average prevalence of tuberculous pericarditis 
was 63%. All of the included studies were prospective 
in design, and the study populations were patients with 
pericardial effusion. The interferon-gamma test method in 
two studies (11,12) was an enzyme-linked immunosorbent 
assay (ELISA); one (13) used an InterGam ultrasensitive 
rapid immuno-suspension assay (IRISA), and one did not 
report the test method (14). Most of the studies used Ziehl-
Neelsen staining, culture, histological examination and anti-
tuberculous therapy response as the diagnostic reference for 
tuberculous pericarditis.
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Major findings of the included studies

Table 2 lists the major findings of the included studies. 
Generally, the diagnostic accuracy of tests of interferon-
gamma for tuberculous pericarditis is extremely high. 
Three studies (11,13,14) evaluated the diagnostic 
accuracy of interferon-gamma for tuberculous pericarditis 
using receiver operating characteristic (ROC) curve 
analysis, and the areas under the curve (AUCs) ranged 
from 0.96 to 1.00. Although the thresholds used in four 
studies ranged from 14.4 to 200 pg/mL, the sensitivities 
and specificity were homogeneous, ranging from 0.92 to 
1.00 and 0.97 to 1.00, respectively. 

Quality of the included studies

Table 3 lists the results of quality assessment of the included 
studies. All of the studies, except one (14), were prospective 
and consecutively enrolled the study cohort with uniform 
inclusion and exclusion criteria. Therefore, the patient 
selection domain in these studies was labelled low. The 
reference standard domain of all studies was labelled high 
because of differential or partial verification bias. The flow 
and timing domain in one study was labelled high because 
not all subjects were included in the analysis. All domains 
for applicability concerns were labelled low because they 
matched the review question well.
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Figure 1 Flowchart of the study selection process.
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Table 1 Summary of eligible studies

Author Year Country N (TB/non-TB)
Gender 
(M/F)

Mean age 
(years)

HIV (+/−)
Studied 
population

Data 
collection

Reference for 
tuberculous 
pericarditis

Assay

Reuter et al. (12) 2006 South 
Africa

162/71 132/101 38.5 84/149 Patients 
with PE

Prospective ZN stain, culture, 
histological 
examination, anti-
tuberculous therapy 
response

ELISA

Pandie et al. (13) 2014 South 
Africa

70/27 71/26 NR 64/33 Patients 
with PE

Prospective Culture, histological 
examination, anti-
tuberculous therapy 
response

IRISA

Emadi Koochak 
et al. (14)

2013 Iran 7/31 16/22 63 0/38 Patients 
with PE

Prospective ZN stain, culture, 
histological 
examination

NR

Burgess et al. (11) 2002 South 
Africa

64/56 NR NR NR Patients 
with PE

Prospective ZN stain, culture, 
histological 
examination

ELISA

IRISA, InterGam Ultrasensitive Rapid Immuno-suspension Assay; ZN, Ziehl-Neelsen; PE, pericardial effusions; TB, tuberculosis; NR, not 
reported; ELISA, enzyme-linked immunosorbent assay; M, male; F, female.

Table 2 Major findings of the included studies

Author AUC Thresholds (pg/mL) Sensitivity Specificity TP FN FP TN

Reuter et al. (12) NR 50 0.92 1.00 149 13 0 71

Pandie et al. (13) 0.96 44 0.96 0.97 67 3 1 26

Emadi Koochak et al. (14) 1.00 14.4 1.00 1.00 7 0 0 31

Burgess et al. (11) 1.00 200 1.00 1.00 64 0 0 56

AUC, area under the curve; TP, true positive; FN, false negative; FP, false positive; TN, true negative; NR, not reported.

Table 3 Quality of the eligible studies

Study
Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Reuter et al. (12) Low Low High Low Low Low Low

Pandie et al. (13) Low Low High High Low Low Low

Emadi Koochak  
et al. (14)

Unknown Low High Low Low Low Low

Burgess et al. (11) Low Low High Low Low Low Low
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Diagnostic accuracy of interferon-gamma for tuberculous 
pericarditis

Figure 2 is a forest plot of sensitivity and specificity of tests 
of interferon-gamma for tuberculous pericarditis. The 
overall sensitivity and specificity of tests for interferon-
gamma was 0.97 [95% confidence interval (CI): 0.87–0.99] 
and 0.99 (95% CI: 0.74–1.00), respectively. The positive 
likelihood ratio (PLR), negative likelihood ratio (NLR) and 
diagnostic odds ratio (DOR) were 187 (95% CI: 3–12,542), 
0.03 (95% CI: 0.01–0.14) and 5,623 (95% CI: 56–569,288), 
respectively. I2 across all eligible studies was 0.00  
(95% CI: 0–100).

Figure 3 is a sROC for interferon-gamma, with an AUC 
of 1.00 (95% CI: 0.99–1.00). 

Discussion

In this study, we found the following: (I) to date, four 
studies have investigated the diagnostic accuracy of tests 
of interferon-gamma for tuberculous pericarditis; (II) 
the quality of the included studies was generally high, 
and the major design weaknesses of included studies 
were differential or partial verification bias; and (III) 
the diagnostic accuracy of tests for interferon-gamma in 
pericardial effusion were extremely high, with an overall 
sensitivity and specificity of 0.97 and 0.99, respectively. To 
the best of our knowledge, this is the first meta-analysis 
investigating the diagnostic accuracy of interferon-gamma 
for tuberculous pericarditis. Notably, the study subjects in 
this meta-analysis were highly homogeneous, and all of the 
studies were prospective in design. Therefore, the results of 
the present studies are reliable.

Sensitivity, specificity and AUC under the sROC are 
three key characteristics reflecting the diagnostic accuracy 
of an index test; however, their interpretation is not 
straightforward. In contrast, NLR and PLR are more 
clinically meaningful. It is generally accepted that a PLR 
above 10 and an NLR below 0.1 are adequate to identifying 
and rule out target diseases, respectively (15). The present 
study found that the PLR and NLR for interferon-gamma 
were 187 and 0.03, indicating that tests for interferon-
gamma, even when used alone, are adequate for identifying 
or ruling out tuberculous pericarditis. Therefore, we 
concluded that pericardial effusion interferon-gamma is a 
strong and reliable biomarker for tuberculous pericarditis 
diagnosis.

It is well recognized that the sensitivity and specificity 
of an index test are greatly affected by the threshold used 
for defining a target disease. The thresholds used in the 
included studies were variable (ranging from 14.4 to  
200 pg/mL), but the sensitivity and specificity were 
homogeneous. These results may be attributed to the 

Figure 2 Sensitivity and specificity of tests for interferon-gamma in the diagnosis of tuberculous pericarditis assessed by forest plots. TP, 
true positive; FP, false positive; FN, false negative; TN, true negative; CI, confidence interval.
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fact that the levels of interferon-gamma in tuberculous 
pericardit is  and non-tuberculous pericardit is  are 
dramatically different; there is no grey zone between these 
two groups. Indeed, in one of the included studies (12): the 
mean interferon-gamma level in cases of non-tuberculous 
pericarditis was 27 pg/mL, while in patients with 
tuberculous pericarditis, the mean level was approximately 
700 pg/mL.

At present, several diagnostic biomarkers for tuberculous 
pericarditis have been identified. Among the available 
biomarkers, adenosine deaminase (ADA) in pericardial 
effusion seems to be the most promising one. A recently 
published meta-analysis indicated that the diagnostic 
sensitivity, specificity, PLR and NLR of ADA are 0.90, 0.86, 
5.90 and 0.15, respectively (16). Therefore, it seems that 
the diagnostic accuracy of ADA is inferior to interferon-
gamma. This hypothesis was supported by a recently 
published head-to-head comparison study (13). Because 
tests for interferon-gamma have extremely high diagnostic 
accuracy for tuberculous pericarditis, it seems that ADA 
has no capability to improve its diagnostic performance. 
The major limitation of testing for interferon-gamma is 
its high cost and lack of a broadly accepted discriminative  
threshold (17,18). 

The present study has some limitations. First, the 
number of studies included in the present meta-analysis 
is only four, and three of the four included studies were 
performed in South Africa, a country with a high prevalence 
of tuberculosis (19). As the disease spectrum in patients 
with pericardial effusion may be affected by the prevalence 
of tuberculosis, the conclusions of the present study may 
not be generalizable to other areas. Second, due to the small 
number of included studies, subgroup and publication bias 
analyses were not performed. 

Taken together, the current evidence strongly supports 
a potential role of interferon-gamma for tuberculous 
pericarditis diagnosis. However, because the total sample 
size in the present work is small, and most of the subjects 
were from South Africa, further studies with large sample 
sizes and a greater variety of subjects are needed to evaluate 
the diagnostic accuracy of tests of interferon-gamma for 
tuberculous pericarditis.
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