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ABSTRACT 
 
 Background: Diagnosis of childhood tuberculosis is challenging. The widely used tuberculin skin 
test has many limitations. In this study, we evaluated the role of QuantiFERON-Gold-In-Tube (QFT-IT) 
and Interferon gamma inducible protein 10 (IP-10) for diagnosis of active TB. We further studied their 
efficacy in monitoring the effect of anti-tuberculous therapy. Methods: The study comprised two 
population groups. Group I comprised 53 children and adolescents diagnosed with active TB, whereas 
Group II comprised 33 patients recruited at different time intervals: at 2, 4, and 6 months following start 
of treatment. Blood samples were withdrawn from each patient for measurement of interferon-gamma 
(IFN-γ) and IP-10 levels. Statistical package SPSS version 15.0 for Windows was used for statistical 
analysis. Results: QFT-IT and IP-10 tests yielded sensitivities of 86% and 86.5%; and specificities of 
33% and 44.4% respectively. Combining both tests improved sensitivity to 91.89%. A highly significant 
correlation existed between IFN-γ and IP-10 levels. Mean levels of both markers were found to be higher 
at the end of a clinically successful 6 months of anti-tuberculous therapy compared to mean levels 
reported for active cases at diagnosis . Moreover, the percent of patients yielding positive results was 
higher in the follow-up group. Conclusion: Both QFT-IT and IP-10 tests showed good sensitivities for 
diagnosis of active TB, which improved after their combination. Both tests failed as markers for follow-
up during and after treatment. We recommend the use of both tests together as an adjunct to conventional 
methods for optimal diagnosis of active TB. 
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Introduction 
 
 Tuberculosis (TB) remains one of the most significant infectious diseases worldwide ; leading to 
severe morbidity and mortality. The number of new TB cases continues to increase, despite intensive 
global efforts ( Kang et al.,2005; Lee et al.,2010). In contrast to adults, pediatric TB has been relatively 
neglected, mainly because of greater challenges in diagnosis and the lower priority traditionally afforded 
to children by TB control programs (Newton et al.,2008). 
 The current standard tests for active tuberculosis have serious limitations. The tuberculin skin test 
(TST), which has been used for years for the diagnosis of TB infection, has many limitations, including 
false positive test results in BCG-vaccinated individuals and in individuals who have infections not 
related to Mycobacterium tuberculosis (M.TB) (Menzies,1999; Wang et al.,2002; Mazurek and Villarino, 
2003). Sputum smear examination for acid-fast bacilli has a low sensitivity and cannot discriminate 
between M.tb and non tuberculous mycobacteria, and sputum culture for M. tb takes several days to 
weeks to yield a result. Diagnosing TB in sputum smear and culture-negative patients and in those with 
extra-pulmonary disease remains challenging (Hanna et al.,1999; Trajman et al., 2008).  
 A recent breakthrough in TB diagnosis is the introduction of interferon gamma release assays 
(IGRA) in which the production of interferon gamma (IFN-γ) in response to M.tb specific antigens is 
measured. The whole blood IFN- γ assay Quanti-FERON-TB Gold –in-Tube (QFT-IT) is based on the 
elaboration of inflammatory cytokines by T- cells previously sensitized to mycobacterial antigens when 
they encounter ESAT-6 (Early Secretory Antigenic Target) , CFP-10 (Culture Filtrate Protein) and a third 
antigen, TB7.7 (Kabeer et al., 2010). 
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 It has been noticed that the sensitivity of IGRA was relatively lower in low TB endemic countries 
compared to high TB endemic ones (Tsiouris et al.,2006; Adetifa et al.,2007; Pai et al., 2007). On this 
basis, various attempts have been made to enhance the sensitivity of IGRA including evaluation of 
additional or alternative biomarkers. Some studies suggest that IFN- γ inducible protein (IP)-10 could be 
a potential biomarker for TB diagnosis (Ruhwald et al.,2007; Ruhwald et al.,2008; Lighter et al.,2009). 
 IP-10 is a pro-inflammatory chemokine, expressed by monocytes and macrophages. Upon contact 
with viral or bacterial agents, antigens or mitogens, the pro-inflammatory cytokines like IFN- γ 
stimulates expression of IP-10 (Moser and Loetscher, 2001; Dhillon et al.,2007). 
 In the present study, we aimed to evaluate the roles of QFT-IT and IP-10 in the diagnosis of active 
TB, and for follow-up of patients on anti-tuberculous treatment at 2, 4, and 6 months after completion of 
therapy. 
 
Subjects and Methods: 
 
Study Population:  
 
 Our study population included 86 patients divided into 2 groups. Group I comprised 53 children and 
adolescents diagnosed with active TB recruited from Chest Health Care Units in Cairo and Giza 
Governorates. Their age ranged from 10 to 19 years old. Forty- eight patients (90.6%) were diagnosed as 
pulmonary TB, while 5 patients (9.4%) were affected by extra-pulmonary (cervical lymphadenopathy) 
disease. Diagnosis of TB was made on the basis of clinical and radiological findings and was confirmed 
by identification of M.tuberculosis with microbiological methods; i.e., direct Ziehl- Neelsen smear 
identification of acid fast bacillus (smear sample from the suspected site taken on three consecutive 
days). For participants with lesions that suggested active TB but who did not have positive acid-fast 
smears, broad spectrum antibiotics( a combination of a third-generation cephalosporin and a macrolide) 
were prescribed for one week; if there was no definite improvement clinically and radiologically, a 
diagnosis of active TB was affirmed (Lee et al.,2010). Group II comprised 33 children and adolescents 
seen at different time intervals during receiving anti-tuberculous treatment: 2 months (8 patients), 4 
months (11 patients), and 6 months (14 patients) post therapy. These patients were receiving standardized 
anti-TB medication in the form of daily isoniazid (INH), rifampicin (RMP), ethambutol (EMB), and 
pyrazinamide (PZA) for 2 months, followed by daily INH, RMP,and EMB for a further 4 months (Seung 
et al.,2003). Exclusion criteria included open tuberculous cases, immunocompromised states such as 
malignancy, diabetes, inflammatory connective tissue disorders, cirrhosis, renal insufficiency, and use of 
steroidal and immunosuppressive drug usage. Informed consent was given by the patient or the child’s 
caregiver and the study was approved by the ethical committee of the National Research Centre, Dokki, 
Giza, Egypt. 
 
Methodology:  
 
1- Commercial QuantiFERON-TB Gold-In-Tube (QFT-IT) (Cellestis Limited, Australia) 
 The QFT-IT test was performed according to the manufacturer’s instructions. Briefly, heparinized 
blood was collected in two special tubes: one coated with the Mycobacterium-tuberculosis- specific 
peptides ESAT-6 , CFP-10 and TB7.7; and the other without antigen coating, as a negative control. 
Within 8 hours of blood sampling, the tubes were incubated for 24 hours at 37° C, centrifuged, and 
stored at -70°C until testing, as specified by the manufacturer. The plasma IFN- γ concentration was 
measured using a commercial QFT-Gold in tube ELISA and a positive test result was set at a cut-off 
value of 0.35 IU/ml by the manufacturer’s software.  
 
2- IP-10 Assay: 
 The IP-10 levels were measured in duplicates in the supernatants collected from QFT-Gold tubes 
using Quantikine ELISA kit (R and D Systems, Inc.) as per manufacturer’s instructions. This assay 
employs the quantitative sandwich enzyme immunoassay technique. A monoclonal antibody specific for 
IP-10 has been pre-coated onto a microplate. Standards and samples are pipetted into the wells and any 
IP-10 present is bound by the immobilized antibody. After washing away any unbound substances, an 
enzyme-linked polyclonal antibody specific for IP-10 is added to the wells. Following a wash to remove 
any unbound antibody-enzyme reagent, a substrate solution is added to the wells and color develops in 
proportion the amount of IP-10 bound in the initial step. The color development is stopped and the 
intensity of the color is measured. Positive results for IP-10 were considered at a cut-off value of 361 
pg/ml. 
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Statistical Methods: 
 
 Statistical package SPSS version 15.0 for Windows (SPSS, Chicago, and IL., USA) was used for 
statistical analysis. Data were represented as mean ± standard deviation; frequency and percentages. The 
t-test was used to compare between 2 independent means while one way ANOVA test was used to 
compare between 3 or more independent means. Chi-square and Fisher’s exact tests were used to 
compare between independent proportions. Receiver operating characteristic (ROC) curve was generated 
and the area under the curve (AUC) was calculated. An AUC of 0.5 is no better than expected by chance. 
A p-value of ≤ 0.05 is considered as significant. 
  
Results: 
 
Characteristics of the enrolled individuals: 
 
 This cross-sectional study comprised 86 children and adolescents with a mean age of 15.04± 2.47 
years old. The first group consisted of 53 patients diagnosed as clinical active TB (Figure 1); either 
pulmonary(90.6%) or extrapulmonary presenting as cervical lymphadenopathy which responded to anti-
tuberculous treatment. Besides clinical and radiological diagnosis, microbiological diagnosis in the form 
of smear samples from the site of suspected infection were done, where 83% of patients yielded positive 
results. The rest of patients were confirmed to have active TB after failure of a trial of broad spectrum 
antibiotics, and successful response to anti-tuberculous drugs. 
 

 
TOB = tinge of blood in sputum NS= night sweats 

 
Fig. 1: Clinical Presentation of patients with active TB. 
 
  Due to the relatively low sensitivity yielded by QFT-IT in our patients, we thought of comparing 
results of QFT-IT with those of IP-10, as many previous studies point to its superiority. The second 
group comprised 33 patients seen at different times during follow-up (at 2 months= 8 patients ; at 4 
months= 11; and at 6 months= 14). Blood supernatants from 46 newly diagnosed active TB as well as 31 
follow-up patients were used for IP-10 estimation (Table I).  
 
Table I: Descriptive data of the study population. 

Variable Newly-diagnosed Active TB patients Follow-up patients 
No. 53 33 

Age(mean+ SD) 14.84 ± 2.5 15.36 ±2.35 
Sex M/F 41/12 21/12 

Clinical Presentation (no./%) 
Pulmonary TB 

Extra pulmonary TB 

 
48/53(90.6% ) 

5/53(9.4%) 

 

Positive smear (no/%) 44/53(83%)  
Positive Quantiferon (no/%) 41/53(77.4%) 29/33(87.9%) 

Positive IP-10(no/%) 37/46(80.4%) 27//31(87.1%) 
IFN-γ(mean± SD)IU/ml 2.82± 2.39 4.34± 4.29* 
IP-10(mean± SD) pg/ml 793.42±361.05 839± 275.64 

* p-value = 0.04 (significant) 
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Comparison of mean levels of IFN- γ and IP-10 at diagnosis, and at 2, 4, and 6 months of follow-up after 
treatment: 
  
 IP-10 showed a superior ability than QFT-IT test to diagnose active TB (80.4% vs 77.4% 
respectively). Due to some technical problems, we were not able to follow-up the same group of patients 
in group I. The percent of positive cases, as well as the mean levels of both markers were shown to be 
higher in the follow-up group of patients compared to those with active disease (Table II). 
 
Table II: Comparison of mean levels of IFN- γ and IP-10 at diagnosis, and at 2, 4, and 6 months of follow-up after treatment. 

Timing At diagnosis 2 months 4 months 6 months p-value 
IFN- γ(IU/ml) 
(mean +SD) 

2.82± 2.39 2.66 + 0.8 2.94 + 2.4 5.95 + 6.04 0.02* 

IP-10(pg/ml) 
(mean +SD) 

793.42±361.05 902.8 + 99.3 790.03 + 320.9 873.9 + 300.9 0.8 

*significant 

 
Agreement between QFT-IT, IP-10 and smear test results: 
 
 Table III shows a highly significant good agreement between QFT-IT and smear results, as well as 
between QFT-IT and IP-10 test results; whereas the agreement between IP-10 and smear test results is 
fair (p=0.05).  
 
Sensitivity and Specificity of QFT-IT and IP-10 tests: 
 
 The ROC curve for sensitivity and specificity of both QFT-IT and IP-10 tests is shown in figure 2. 
With cut-off values of 0.35 IU/ml and 361 pg/ml for QFT-IT and IP-10 respectively, the tests yielded a 
sensitivity of 86% and 86.5% respectively; and a specificity of 33% and 44.4% respectively. 
Combination of both tests yielded a sensitivity of 91.89% and specificity of 44.4%. 
 

 
 
Fig. 2: ROC curve of QFT and IP-10 in children and adolescents with active TB compared with smear 

results. AUC is 0.67 and 0.56 for QFT-IT and IP-10 respectively; whereas 95% CI is 0.48%-
0.84% and 0.35%-0.78% for both tests respectively.Cut-off values for QFT and IP-10 tests are 
0.35 IU/ml and 361 pg/ml respectively 

AUC: area under the curve CI:Confidence Interval 
 
Correlation between QFT-IT and IP-10 tests: 
 
 As shown in figure 3, there is a strong positive correlation between IFN-γ and IP-10 in diagnosis of 
active TB (r = 0.569, p= 0.001). As regards follow-up cases, this correlation is no longer evident (r = 
0.24, p = 0.18).  
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Fig. 3: Correlation between levels of IFN-γ (QFT) and IP-10 in active TB patients. 
r = 0.569, p< 0.001 
 
Evaluation of QFT-IT and IP-10 tests in follow-up after anti-tuberculous treatment: 
 
 All patients (n=8) presenting at 2 months following treatment had positive QFT-IT test results 
(100%). Those presenting at 4 months post-therapy yielded 9 out of 11 positive results(81.8%); whereas 
those presenting at the end of the treatment course at 6 months yielded 12 out of 14 (85.7%) positive test 
results. As regards IP-10, the same results were applicable at 2 and 4 months of treatment [all 8 patients 
(100%) yielded positive test results at 2 months; 9 out of 11(81.8%) were positive at 4 months]. At 6 
months, 10 out of 11 (90.9% ) yielded positive test results. 
 
Table III:  
a)Agreement between Quantiferon and smear test results 

Tests Quantiferon 
 

Smear 
 Positive Negative Total 

Positive 38 (71.7%) 6 (11.3%) 44 (83%) 
Negative 3 (5.7%) 6 (11.3%) 9 (17%) 

Total 41 (77.4%) 12 (22.6%) 53 (100%) 
Kappa(95% CI)= 0.5 p<0.001 
 
b) Agreement between IP-10 and smear test results 

Tests IP-10 
 

Smear 
 Positive Negative Total 

Positive 32 (69.5%) 5 (10.9%) 37 (80.4%) 
Negative 5 (10.9%) 4 (8.7%) 9 (19.6%) 

Total 37 (80.4%) 9 (19.6%) 46 (100%) 
Kappa(95% CI)= 0.31 p-value=0.05 
 
c) Agreement between Quantiferon and IP-10 test results 

Tests Quantiferon 
 

IP-10 
 Positive Negative Total 

Positive 33 (71.7%) 4 (8.7%) 37(80.4%) 
Negative 2 (4.3%) 7 (15.2%) 9 (19.6%) 

Total 35(76.08%) 11(23.9%) 46 (100%) 
Kappa(95% CI)= 0.6 p-value=<0.001 
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Discussion: 
 
 The use of IGRAs to diagnose TB in children and adults has been recommended in recent guidelines 
(Detjen et al.,2003); however, the accuracy and reliability of IGRAs in children and adolescents are not 
yet well defined. Due to the relatively low sensitivities shown in some studies, ongoing research to 
identify new diagnostic markers have been conducted, and one such marker, IP-10 was found to be a 
potential biomarker for TB diagnosis (Ruhwald et al.,2008; Lighter et al., 2009). 
 In the present study, we evaluated the QFT-IT test for diagnosis of active TB infection and for 
follow- up during treatment with anti-tuberculous drugs till the end of treatment course at 6 months. We 
also compared the diagnostic efficacy of QFT-IT test with that of IP-10 and addressed the issue of 
combining both tests to increase sensitivity. 
 Considering smear test results as well as clinical and radiological data as our reference for diagnosis 
of active TB, it was shown that QFT-IT test could identify 41 out of 53 patients diagnosed with active TB 
(77.4%), with a sensitivity and specificity of 86% and 33% respectively (cut-off value of 0.35 IU/ml). As 
regards IP-10, it could identify 37 out of 46 patients with active TB (80.4%), with a sensitivity and 
specificity of 86.5% and 44.4% respectively (cut-off value of 361 pg/ml) (Figure 2).  
 Detjen et al., (2003) confirmed the value of QFT-IT test for diagnosis of active TB in children with a 
sensitivity and specificity of 93% and 100 % respectively . In another study, the reported sensitivity and 
specificity for QFT-IT test for detection of active pulmonary TB was 89.5% and 49% respectively, 
emphasizing the supplementary role of this test for the diagnostic exclusion of active TB, whereas 
limiting its usefulness in routine clinical practice (Kang et al., 2007) . In the study of Ruhwald et 
al.,(2008) QFT-IT and IP-10 tests yielded sensitivities of 81% and 83% respectively to detect active TB. 
By combining both tests, the detection rate increased among TB patients to 90% without significant 
affection of specificity. In a recent work, the importance of IP-10 was confirmed as a potential marker to 
identify TB infections with good agreement with QFT-IT test (Petrucci et al., 2008). In a study by 
Kabeer et al., (2010) QFT-IT and IP-10 tests yielded sensitivities of 88.6% and 91.4% respectively; the 
positivity of IP-10 was higher than QFT-IT by 2.8 %, thus they suggested that IP-10 could be used as an 
alternative biomarker for the diagnosis of M.TB infection. As regards specificity, QFT-IT and IP-10 tests 
yielded values of 55 % and 48 % respectively. In concordance with our results, combination of both 
QFT-IT and IP-10 tests improved sensitivity yielding a sensitivity and specificity of 96.5% and 49 % 
respectively. The results of Ruhwald et al., (2011) yielded sensitivities of 81% and 84% and specificities 
of 97% and 100% for IP-10 and QFT-IT tests respectively. Combining both tests improved sensitivity to 
87% with a specificity of 97%. 
 An explanation was offered for the lower sensitivities noticed in some adult studies , where they 
were attributed to HIV co-infection, advanced disease, malnutrition, host immune response and variation 
in the M. tuberculosis strain (Dheda et al.,2009). 
 Borgström et al.,(2012) verified the role of IFN- γ and IP-10 in diagnosis of active TB with a higher 
significant sensitivity for IP-10.  
 On the other hand, Rose and co-workers (2012) mentioned that the sensitivity of QFT-IT test in 
children with confirmed TB was 19% in contrast to adults with a sensitivity of 84%. The mean age of 
children in their study was 4.4 years, in contrast to our mean age of 18 years. They attributed this very 
low sensitivity in young children to poor production of cytokines, HIV infection, and malnutrition. 
 Studying the correlation between IP-10 and IFN-γ , we showed a strong positive correlation between 
QFT-IT test and IP-10 (r= 0.409, p= 0.005) for diagnosis of new cases of TB (Figure 3); whereas this 
positive correlation was weak and non-significant in follow-up cases. In agreement, many studies 
observed a good correlation between IP-10 and IFN-γ plasma concentrations in children with active TB 
infection (Goletti et al.,2010; Alsleben et al.,2012). Similarly, Kabeer et al., (2011) reported a positive 
correlation between both markers and explained that this correlation seemed logical as IP-10 secretion is 
mainly induced by antigen-specific IFN-γ secreting T cells. 
 Due to some technical problems, we were not able to follow-up the patients enrolled in the study 
from the beginning. To overcome this setback, we recruited 33 patients presenting at different time 
intervals following anti-tuberculous treatment up to 6 months (the completion of therapy course) to 
evaluate the levels of IFN- γ and IP-10 in these patients. Our data show that the mean levels of IFN- γ 
were significantly higher in the follow-up group of patients compared to patients newly diagnosed with 
TB (p= 0.04). The mean levels were shown to be higher in patients presenting at 2 months of treatment, 
were nearly at the same level as the zero level at 4 months, and then became significantly higher at the 
end of the course of treatment (6 months) (Table II). The number of patients who were QFT-IT positive 
at completion of therapy were 12 out of 14 (85.7%). As regards the mean IP-10 level, it was found to be 
non-significantly higher at the end of the follow-up period. It followed a nearly similar trend like IFN- γ 
where it was found to be higher at 2 months of treatment, then slightly lower at 4 months, with a further 
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elevation of the mean level at 6 months of treatment with no significant differences (Table II). The 
number of patients who yielded a positive test result for IP-10 at the completion of therapy at 6 months 
was 10 out of 11 (90.9%). 
 A number of studies have been conducted to investigate the impact of anti-tuberculous treatment on 
specific IFN- γ response as measured by QFT-IT assay with controversial results. Some authors have 
demonstrated that IFN- γ response to specific mycobacterial antigens decreased or became negative 
(Carrara et al., 2004; Aiken et al., 2006; Dheda et al.,2007). On the other hand, others reported 
persistently positive or even stronger responses during and after anti- tuberculous treatment (Al-Attiyah 
et al., 2003; Ferrand et al.,2005; Pai et al.,2007). In accordance with our results, Dyrhol-Riise and 
colleagues, (2010) noticed that QFT-IT positive patients were still positive (87.5% and 84.6%) after 3 
and 15 months of therapy respectively. They postulated that the duration of TB exposure, rather than 
exposure itself, was associated with a positive QFT-TB test and they reached the conclusion that they did 
not support IGRA tests to monitor response to therapy. 
 In contrast to the trend of our results, Sauzullo et al., (2009) reported a progressive decline of IFN- γ 
release after 6 months of treatment, and the baseline positive QFT-IT results had turned negative. The 
results of a cohort study on active pulmonary tuberculous patients with serial testing by QFT-IT at 
baseline and after 2 and 6 months of treatment showed that, compared to baseline, 77.6% of cases 
showed a decline, whereas 22.4% showed persistent or stronger IFN- γ responses at 2 months (Katiyar et 
al.,2008). They concluded that a rising or persistent IFN- γ response was associated with a 17.3 times 
higher likelihood of remaining culture positive at 2 months, and that it significantly predicted the 
likelihood of remaining sputum culture-positive at the end of the intensive phase of anti-tuberculous 
treatment. Hence, they recommended the use of QFT-IT test as a tool to monitor the efficacy of anti-
tuberculous treatment. Two studies conducted in Japan showed a progressive decrease of the IFN- γ 
response after anti-TB treatment, with smaller percentages of subjects with positive QFT-IT results over 
time (Kobashi et al., 2006; Kobashi et al., 2008). By contrast, a study conducted in India showed a 
persistent IFN- γ response during treatment, with positive QFT-IT rates of 73% at baseline and 79% at 6 
months, although the average IFN- γ levels declined slightly (Pai et al., 2007). Katiyar et al., (2008) 
explained this discrepancy to be related to the initial IFN- γ levels and the burden of TB in the countries, 
where a higher IFN- γ level was reported to be associated with a lower likelihood of converting to a 
negative culture. Furthermore, they explained that in high burden countries, ongoing exposure and 
exogenous re-infection could keep T- cell responses strong, even after the antigen load has declined with 
therapy. Lee and co-workers, (2010) set an explanation for the low reversion rate after completion of 
therapy, as was the case in our study as well, by the fact that the initial mean IFN- γ level was higher than 
those in the previous studies in Japan (0.51+ 0.15; and 0.75 + 0.15 IU/ml).They attributed the higher 
initial IFN- γ levels in their study to be associated with the demographic characteristics of the 
participants, who were young (median age: 21 years), immune-competent patients with no underlying 
disease; and to achieve reversion to negativity in patients with a high initial IFN- γ level, the absolute 
decrease must be profound. In our opinion, due to repeated exposures (most of our new cases 
experienced re-infection), T cell responses have become strong enough to stimulate the release of INF-γ 
even after the decline of antigen load post therapy. Hence, we deduce that this test might not be suitable 
to be used for follow up of patients in our community. 
 As for IP-10 test results, it seemed to follow the same trend as QFT-IT test in our study. In contrast, 
previous studies have reported a decline in the levels of IP-10 in plasma after successful anti-TB 
treatment (Azzuri et al.,2005; Siawaya et al., 2008; Ridruechai et al.,2008). These authors explained that 
the decrease of IP-10 to normal levels following therapy may suggest the transient induction of 
regulatory immune mechanisms leading to subsequent restoration of immune homeostasis. They 
concluded that IP-10 could serve as a marker of disease activity before and after treatment. Although 
Kabeer et al., (2011) affirmed that IP-10 could be a useful biomarker for monitoring therapy efficacy in 
patients with active TB, yet, they debated that since they have reached the same results with IFN-γ in 
their previous reports, they concluded that there was really no difference between both markers other 
than the magnitude of the response (greater than 20 fold). 
 In conclusion, both QFT-IT and IP-10 tests showed good sensitivities for diagnosis of active TB 
which showed improvement after combination of both tests (91.89%). As regards their value for follow-
up after treatment, it seems that, in our community, latent TB and subclinical infection constitute a big 
percentage leading to persistent high levels of IFN- γ in our patients and a very low rate of reversion to 
negativity, thus yielding both tests not of good value for follow –up after treatment. We recommend the 
use of a combination of both tests as an adjunct to the conventional methods for optimum diagnosis of 
active TB in Egypt. Further large-scale studies are needed to validate our results. 
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