Diagnostic utility of QuantiFERON test in comparison with Skin tuberculin test in children with nephrotic syndrome or candidate for renal transplantation

ABSTRACT
Background: QuantiFERON Test (QFT) has been approved as a new in vitro test to diagnose active tuberculosis infection. However, the diagnostic value of this testdepends onvarious population-based factors in each community and thus the assessment of its diagnostic performance in each population is necessary. The present study aimed to assess the diagnostic value of QFT in comparison with skin tuberculin test (TST) to detect tuberculosis infection among Iranian children with nephrotic syndrome or those who were candidate for renal transplantation.  
Methods: This cross-sectional study was performed on 31 children who were candidate for renal transplantation needing immunosuppressive medication or diagnosed as a new case for nephrotic syndrome that admitted to Ali Asghar hospital in Tehran in 2013 to 2014.In all patients, both TST and QFT tests were performed according to standard methods. 
Results: QFT test was negative in all patients in both groups, while positive PPD test was positive only in a patient suffered nephrotic syndrome with no significant difference (p = 0.35). None of the participant had simultaneous positive TST and QFT test, whereas both tests were both negative in 30 patients yielding a negative predictive value of 96.7% and an accuracy of 96.7% for QFT to diagnose tuberculosis when compared to TST. 
[bookmark: _GoBack]Conclusion: QFT is introduced as a diagnostic tool with high negative predictive value and a high accuracy for diagnosis of tuberculosis in children with nephrotic syndrome or those who are candidate for renal transplantation. Despite high cost; it can be used as an accurate alternative for screening tuberculosis. 




INTRODUCTION
Nowadays, among different microbial disorders, tuberculosis has remained as the most common life-threatening among adults affecting one-third of all people whole of the world (1). Among different episodes of the disease, 10% appear as active form (2). Only in 2003, 8.8 million cases of tuberculosis were reported by the World Health Organization. Overall, about 40 million new cases of tuberculosis occur annually in the world. Due to the long incubation period of latent tuberculosis infection, adding new infections to previous infections led to creating a major source of latent TB infection. A strategy for global TB control is to create an effective screening tool for identifying high risk patients (3).  Preventive treatment can effectively reduce the risk of developing active tuberculosis by more than 90% (4). 
Approximately, 95% of the incidence of tuberculosis and 98% of its-related mortality occur in developing countries, while 75% of those appear in the economically active age groups (5). One of the main reasons for global developing tuberculosis is unsuccessful control of disease or lack of appropriate control program leading lack of success in screening, prevention and reduction of improvement rate.  Skin tuberculin test (TST) is a standard tool for diagnosing patients with latent tuberculosis, however its positive result cannot definitively approve tuberculosis infection and also its negativity cannot rule out the infection. Furthermore, the positivity of the test may be affected by cross reactions that reduce the specificity of the test from 99% to lower than 95% (6). In this regard, introduction of diagnostic tools with higher specificity and sensitivity had been a special concern (6) in 2005; QuantiFERON-TB Gold In-Tube Test (QFT) was approved as a new in vitro test by the United States Food and Drug Administration (FDA) that is now applied in different centers for disease control and prevention (7). It seems that QFT can be more specific than TST to diagnose active tuberculosis infection.  However, the predictive value of QFT is directly dependent to the prevalence of tuberculosis in each community and thus the assessment of its diagnostic performance in each population is necessary. The present study aimed to assess the diagnostic value of QFT in comparison with TST to detect tuberculosis infection among Iranian people. 

MATERIALS AND METHODS
This cross-sectional study was performed on 31 children who were candidate for renal transplantation needing immunosuppressive medication or diagnosed as a new case for nephrotic syndrome that admitted to Ali Asghar hospital in Tehran in 2013 to 2014. The exclusion criteria were lack of referring timely for interpretation of TST results, performing TST during the last 6 months, performing TST before QFT, history of PPD sensitivity, history of using immunosuppressive drug, history of active tuberculosis, malignancies, and cardiopulmonary instability. In all patients, both TST and QFT tests were performed. The TST was performed by injecting a 0.1 mL volume containing 5 TU (tuberculin units) PPD into the top layers of skin of the forearm and the skin test was read 48-72 hours after the injection. The induration more than 10 mm was considered as the positive. The QFT assay also was performed as per the manufacturer’s instructions. The assay involved two stages: the first stage involved incubation of whole blood with antigens, and the second stage involved measurement of IFN-g production in harvested plasma by ELISA. Venous blood was directly collected, prior to TST administration, into three 1-ml heparin-containing tubes. One tube contained only heparin as negative control, another also contained mitogen as positive control, and the third tube had overlapping peptides representing the entire sequences of ESAT-6 and CFP-10 and another peptide from a portion of the TB antigen TB7.7 (Rv2654). Within 2–6 h of blood draw, the tubes were incubated at 37°C. After exactly 24 h of incubation, the tubes were centrifuged and plasma was harvested and frozen at −70°C until the ELISA was performed (on average, ELISA was performed within 4– 6 weeks of blood collection). The γ-INF response was quantified using ELISA (Cellestis Ltd, Carnegie, Victoria, Australia). γ-INF values (in international units per milliliter) for TB-specific antigens and mitogen were corrected for back ground by subtracting the value obtained for the respective negative control. As recommended by the manufacturer, and based on previous studies, the cut-off value for a positive test was γ-INF≥0.35 IU/ml (8,9).The patients with positive TST or GFT were physically examined as well as assessed by imaging to rule out active tuberculosis. Those with positive TST, nut without evidences of active tuberculosis were treated with isoniazid (300 mg) plus vitamin B6 for 9 months and then were followed by the completion of study.    
Results were presented as mean ± standard deviation (SD) for quantitative variables and were summarized by absolute frequencies and percentages for categorical variables. Normality of data was analyzed using the Kolmogorov-Smirnoff test. Categorical variables were compared using chi-square test or Fisher's exact test when more than 20% of cells with expected count of less than 5 were observed. Quantitative variables were also compared with t test or Mann- Whitney U test. Negative predictive value was calculated using the crosstabulation method and by comparing the number of true negatives to the total number of true and false negatives.  The accuracy was also calculated by dividing number of correct true positive and negatives  by the number of all results. For the statistical analysis, the statistical software SPSS version 16.0 for windows (SPSS Inc., Chicago, IL) was used. P values of 0.05 or less were considered statistically significant.  

RESULTS
Of total 31 children assessed, 17 (54.8%) were diagnosed as the new cases of nephrotic syndrome, while 14 (45.2%) were candidate for renal transplantation needing immunosuppressive medication. The mean age of participants was 6.86 ± 4.0 years ranged 9 month to 15 years (5.29 ± 3.69 years in nephrotic syndrome group and 8.78 ± 3.59 years in renal transplantation group, p = 0.013). Totally, 58.8% in nephrotic syndrome group and 78.6% in another group were male (p = 0.244). The mean duration of nephrotic syndrome was 1.3 weeks± 1weeks and the mean duration of ESRD in renal transplantation group was also 6.35 ± 2.83 years with a mean time of 1.72 ± 1.25 years for dialysis. Regarding underlying disorders in those who were candidate for renal transplantation, 14.3% had Congenital neophrotic syndrome, 7.1% had Cystinuria, 21.4% had FSGS, 7.1% suffered Nephrosis, 21.4% suffered Norogenic Bladder, 14.3% had Norogenic Bladder plus Reflux Nephropathy, and 7.1% had Systinosis. All patients received BCG vaccine at birthday that 93.5% had the scar of this incubation. None of the patients had previous exposure to tuberculosis. All patients in renal transplantation group and 88.2% of those in nephrotic syndrome group were treated with routine medication. Chest X-Ray was positive in 5.9% of those with nephrotic syndrome. 
QFT test was negative in all patients in both groups, while positive PPD test was positive only in a patient suffered nephrotic syndrome with no significant difference (p = 0.35). None of the participant had simultaneous positive TST and QFT test, whereas both tests were both negative in 30 patients yielding a negative predictive value of 96.7% and an accuracy of 96.7% for QFT to diagnose tuberculosis when compared to TST. 


DISCUSSION
Based on the present results, a closed association was revealed between TST and QFT tools with respect to diagnose tuberculosis. In fact, compared to TST considered as the conventional diagnostic method, QFT was shown to be predictive for diagnosis of tuberculosis with a high negative predictive value and a high accuracy. Reviewing the literature (10-19) similarly showed a negative predictive value ranged 86% to 95% that was near to our results. Although we could not assess the sensitivity or specificity of QFT compared to TST for diagnosing tuberculosis due to the nature of our study, the previous studies could show a range of 60% to 93% for sensitivity and 91% to 100% for specificity of QFT. In fact, it seems that the results obtained by QFT is similar to those obtained by TST, however because of higher cost-benefit of the latter method, TST is more preferred to apply in clinical settings.In a study by Vinton et al (20) and contrary to our results, there were fewer positive QFT test results than positive TST results (6.7% versus 33.0%), while agreement between the tests was poor. As previously pointed, the results of QFT test can be influenced by various population-based factors and thus the results of this test can be widely different in various populations. As shown by Vinton et al (20), a positive QFT result was associated with birth in a country with a high prevalence of TB, the number of years an individual had lived in a country with a high prevalence of TB and high-risk occupational contact. Interestingly, a positive TST result was also associated with older age, receipt of BCG vaccination, and working in an occupation that involved patient contact. In another study by Franken et al (21), the TST was compared with QuantiFERON test for the diagnosis of tuberculosis that among subjects positive by TST, 44.4% of recruits were positive by QFT compared with 11.5% subjects tested after missions abroad. More interestingly, some other studies could show significantly higher sensitivity and specificity for QFT when compared to TST. In Bartu et al survey (22), the sensitivity of the test was 86% in those with valid results, significantly higher than that for the TST (62%), and the correlation between the two tests was not high (55%). Wong et al (23) also showed that the sensitivity of QFG was 100%, versus sensitivity of 62.5% for TST. The positive predictive value of QFG was 100, while the negative predictive value for TST was 86.9%. Cesur et al (24) in Turkey similarly indicated that QFT assay was superior to TST in its ability to detect latent and active tuberculosis infection, not to be affected with BCG vaccination, to discriminate responses due to non-tuberculosis mycobacteria, and to avoid variability and subjectivity associated with application and reading the TST. In fact, QFT can guide more targeted treatment of individuals with actual latent tuberculosis and risk of tuberculosis; however the limited use of QFT due to cost led to preferring TST to QFT in diagnosing tuberculosis especially latent disease conditions. However, in total, despite higher costs for QFG than TST, they have additional value for the diagnosis of active tuberculosisand should be performed when a diagnosis of tuberculosisremains in doubt. 
In conclusion, QFT is introduced as a diagnostic tool with high negative predictive value and a high accuracy for diagnosis of tuberculosis in children with nephrotic syndrome or those who are candidate for renal transplantation and despite high cost; it can be used as an accurate alternative for screening tuberculosis. 
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