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ABSTRACT  

Interferon-gamma-release assays based on RD1 antigens have improved diagnosis of latent tuberculosis 

infection (LTBI). However, these tests cannot discriminate between recently-acquired infection (higher risk of 

progression to active tuberculosis) and remote LTBI. The objective of this study was to evaluate the interferon-

gamma-T-cell responses to M. tuberculosis-DosR regulon-encoded antigens (latency antigens) compared with 

QuantiFERON TB-Gold In-tube (QFT-IT) in subjects at different stages of tuberculosis. We studied 16 

individuals with remote LTBI and 23 with recent infection. We also analyzed 15 controls unexposed to M. 

tuberculosis, 50 with active tuberculosis and 45 patients with cured-tuberculosis. Results indicate that subjects 

with remote LTBI had significantly higher interferon-gamma whole blood responses to M. tuberculosis-latency 

antigen Rv2628 than individuals with recent infection, active tuberculosis and controls (p<0.003), whereas no 

significant differences between these groups were found for other latency antigens tested (Rv2626, Rv2627, 

Rv2031c, Rv2032). The proportion of responders to Rv2628 was 5-fold higher among QFT-IT-positive-

individuals with remote infection than among those with recently-acquired infection. These data suggest that 

responses to M. tuberculosis-latency antigen Rv2628 may associate to immune-mediated protection against 

tuberculosis. In contact tracing investigations, these preliminary data may differentiate recent (positive-QFT-IT 

results without responses to Rv2628) from remote infection (positive to both tests). 
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INTRODUCTION  

According to surveys with tuberculin skin tests (TST), the World Health Organization (WHO) estimated that 

approximately one-third of the world’s population is latently infected with Mycobacterium tuberculosis. This 

enormous reservoir of latent tuberculosis infection (LTBI), from which most cases of active tuberculosis (TB) 

arise, embodies a major obstacle in achieving worldwide control over TB [1].  

The introduction of T-cell-based interferon (IFN)-γ release assays (IGRAs), using antigens belonging 

to M. tuberculosis region of difference (RD)1 [including early secreted antigenic target (ESAT)-6 and culture 

filtrate protein 10 (CFP)-10], may represent a significant step towards improved LTBI diagnosis [2-4]. There is 

evidence that commercial IGRAs are highly sensitive in detecting LTBI [2] and have a high specificity that is 

unaffected by Bacillus Calmette Guerin (BCG) vaccination. Although IGRAs were designed as assays for 

LTBI, these tests do not discriminate between active disease and LTBI [5, 6]. Moreover IGRAs do not 

distinguish between a recently acquired infection and remote LTBI [7]. This information may have important 

clinical implications, since recently acquired infection carries a significantly increased risk of progression to 

active disease compared to remote LTBI [8]. 

During LTBI, tubercle bacilli are contained within immune-mediated granulomas [9]. It is thought that 

persisting tubercle bacilli are subjected to nutrient and oxygen deprivation [10, 11]. As part of the adaptive 

response of M. tuberculosis to hypoxia, expression of the DosR regulon is observed. The functions of most 

DosR regulon encoded-proteins, further referred to here as latency antigens, are unknown [12, 13]. However, 

recently it has been shown that certain latency antigens are more frequently recognized in TST-positive 

individuals without active TB than in diseased patients, while the opposite profile was found for CFP-10 and 

ESAT-6 [13-17]. In particular, it has been shown that Rv2627c, Rv2628 and Rv3407 induced strong long-term 

IFN−γ responses in TST-positive individuals. These studies, in which an experimental setting involving long-

term (6-7 days) stimulation of frozen/fresh PBMC or whole blood was used, suggest a contribution of immune 

responses against the latency antigens to controlling LTBI.  
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Lately, both short-term and long-term whole blood IGRAs [17-19] have been shown to be accurate in 

detecting immune responses to M. tuberculosis [2] and thus useful for diagnostic purposes. Therefore, the 

objective of this proof of principle study was to evaluate the whole blood IFN−γ response to the recently-

described antigens of latency (Rv2626c, Rv2627c, Rv2628, Rv2031c, Rv2032) in day-1 (short response) and 

day-7 (long-term response) assays in the different stages of TB. Long-term response was assessed to be in 

line with the results reported in the literature. We studied subjects with remote and recent infection, individuals 

with cured TB, patients with active TB and controls not exposed to M. tuberculosis. All enrolled individuals 

were also tested by a commercial IGRA [QuantiFERON-TB Gold In tube (QFT-IT) and by purified protein 

derivative (PPD) as control antigen. 

 

 

MATERIAL AND METHODS  

Study population 

The following individuals were enrolled: 1) “controls”, individuals with no risk of M. tuberculosis infection who 

tested TST-negative and QFT-IT-negative; 2) “recent infection”, individuals who reported household or 

equivalent close contact (work) [20] with smear-positive pulmonary TB patients in the previous 3 months, 

tested TST-positive and QFT-positive, negative chest x-Ray for pulmonary lesions and no prior preventive 

therapy; 3) “remote LTBI”, individuals who tested TST-positive and QFT-IT-positive and reported household or 

equivalent contact with patients with smear-positive pulmonary TB at least 3 years before enrolment and who 

did not receive preventive therapy; 4) “cured TB”, individuals with culture-positive pulmonary TB who 

completed a 6 month course of treatment and were culture-negative upon treatment completion. The patients 

were evaluated at completion of therapy; 5) “active TB”; individuals diagnosed with TB (either with a positive 

culture for M. tuberculosis from sputa or with a positive M. tuberculosis-specific RNA amplification (MTD Test, 

Gen-probe, San Diego, USA) from biopsy specimens and/or biological fluids) who started specific treatment 
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less than 8 days before enrolment. Remote and recent infection subjects were comparable in terms of 

exposure (they all were close contacts). Individuals who tested positive to human immunodeficiency virus 

antibody test (3 subjects) or were on immunosuppressive drugs (2 subjects), were not included in the study. 

Upon enrolment, demographic and epidemiological information was collected through a structured 

questionnaire. The study was approved by our ethical committee and all enrolled individuals provided written 

informed consent. 

 

M. tuberculosis antigens 

DosR regulon encoded genes were selected on the basis of their RNA expression level in microarray 

experiments [13]. Genes were cloned and proteins were overexpressed in Escherichia coli and purified, as 

previously described [21].  

 

TST 

TST was administered by the Mantoux procedure using 5 IU of purified protein derivative (Chiron, Siena, 

Italy). Results were read after 72 hrs. Indurations of at least 5 mm or ≥10mm were scored positive for close 

contacts or for the other conditions respectively [22]. 

 

Whole blood enzyme linked immunosorbent assays with antigens of M. tuberculosis expressed during 

latency 

1-day (short) response.  0.5 ml per well of heparinized whole blood was seeded in a 48-well plate (Corning 

Costar, Corning Incorporated, New York, NY, USA) and treated with phytohaemagglutinin (PHA) at 5 μg/ml 

(Sigma, St Louis, MO, USA) and the following proteins: Rv2628 and Rv2031c at 1 μg/ml, PPD (batch RT 47, 

Staten Serum Institut, Copenhagen, Denmark), Rv2626, Rv2627 and Rv2032 at 5 μg/ml. The concentrations 
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provided were chosen after titration of the different reagents (data not shown). Samples were then incubated 

for 24 hrs. At day 1, plasma was harvested and stored at -20°C until tested. 

7-day (long-term) response.  We used the previously described methodology [17, 18]. Briefly, at the 

day of collection, an aliquot of heparinized blood was diluted 5-fold using RPMI 1640 supplemented with 

penicillin, streptomycin and 2mM L−glutamine (the last four products are from Euroclone Ltd, United 

Kingdom) and plated into 48-well plates (Corning Costar) and stimulated as above described. The day-7 

diluted plasma was harvested following incubation at 37°C and stored at -20°C until tested. 

 

IFN−γ determination. IFN−γ from day-1 and day-7 plasma was evaluated by a commercial ELISA (CMI, 

Cellestis Limited, Carnegie, Victoria, Australia) and data are presented as IU/ml after subtraction of the 

appropriate control. For values above the highest standard, we repeated the assay with diluted plasma 

samples.  

Commercially available IGRA 

QuantiFERON TB-Gold In tube (QFT-IT) (Cellestis Limited) was performed and its results were scored as 

indicated by the manufacturer (cut-off value for a positive test was 0.35 IU/ml).  

 

Statistical analysis 

The main outcome of the study was the evaluation of IFN−γ production in response to antigenic stimulation, 

expressed as continuous (IU/ml) or dichotomous (positive/negative) measures. For continuous measures, 

mean±standard deviation (SD) of IFN−γ production was calculated, t-test was used for pair-wise comparisons 

and ANOVA was used to compare means among the different groups. The results were confirmed when 

evaluated by the Mann Withney test for pair-wise comparisons and by the Kruskall Wallis test for multiple 

comparisons after calculation of the median and interquartile range (data not shown). For pair-wise 
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comparisons a post-hoc analysis with Bonferroni correction was used and differences were considered 

significant at p values ≤0.05.  

For dichotomous measures, chi square was used. For pair-wise comparisons we used the Bonferroni 

correction and differences were considered significant at p values ≤0.05. The cut-off value for definition of 

positivity of the whole blood assay based on Rv2628 was defined by receiver-operator characteristic analysis. 

SPSS v 14 for Windows (SPSS Italia Srl, Bologna, Italy) and Prism 4 software (Graphpad Software 4.0, San 

Diego, CA, USA), were used in the analysis. 

 

RESULTS 

Characteristics of the population 

We studied 15 controls, 16 individuals with remote LTBI, 50 patients with active TB, 45 subjects with cured TB 

and 23 with recent infection. Age, gender, BCG vaccination, origin and TST are reported among the different 

groups (Table 1). The majority were male, BCG-vaccinated, almost 40% were from Western Europe and the 

pulmonary localization was the most represented in those with active TB. 

 

In vitro short-term IFN−γ response to the M. tuberculosis latency antigens Rv2626, Rv2627, Rv3031c, Rv3032 

and Rv2628: quantitative analysis. 

We evaluated the IFN-γ-specific responses to Rv2628, Rv2626c, Rv2627c, Rv2031c, Rv2032 in the different 

groups. All the subjects responded to the mitogen: controls [mean: 15.7 IU/ml; SD 7.6], recent infection (mean: 

15.1 IU/ml; SD 8.4), remote LTBI (mean: 15.7 IU/ml; SD 8.4), active TB (mean: 10.0 IU/ml; SD 8.6) and cured 

TB (mean: 15.3 IU/ml; SD 10.9). Significant difference was found for overall comparison among the different 

groups (p=0.026) while no significant difference was found for pair-wise comparisons. 

Analyzing the IFN-γ response to Rv2628, a significant difference was found for overall comparison 

among the different groups (p<0.001). For pair-wise comparisons, the response to Rv2628 (figure 1) was 

significantly higher in those with remote LTBI (mean: 5.3 IU/ml; SD 5.9) compared to recent infection (mean: 
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0.3 IU/ml; SD 0.5) (p=0.001) and compared to active TB (mean: 1.1 IU/ml; SD 3.4) (p=0.002), whereas no 

significant difference was observed in comparison to cured TB (mean: 3.1 IU/ml; SD 5.1) (p=0.547). Also close 

to significance was the difference between cured TB and recent infection (p=0.056). Moreover, the difference 

between cured TB and recent infection (p=0.056) was close to significance. Finally, significant difference was 

found between controls (mean: 0.1 IU/ml; SD 0.1) and subjects with remote LTBI (p=0.003).  

Regarding the other latency antigens tested, Rv2626c, Rv2627c, Rv2031c, Rv2032, no significant 

IFN-γ differences were found neither considering all the groups simultaneously, nor performing pair-wise 

comparisons (Figure 2A-D).  

 

As an internal control, we evaluated IFN-γ response in the QFT-IT, whose antigens are secreted-

antigens and associated with the replicative status of the mycobacteria, and to PPD, a non-specific mixture of 

mycobacterial antigens. Quantitative responses measured by QFT-IT are shown in Figure 2E. Among 

individuals with LTBI, who were selected on the basis of a QFT-IT-positive response, no significant difference 

was observed by comparing recent infection (mean: 9.2 IU/ml; SD 10.0) to remote LTBI (mean: 10.3 IU/ml; SD 

8.4). The proportion of individuals with a positive response to QFT-IT was similar between active TB [36/50 

(72.0%)] and cured TB [31/45 (68.9%)] and no significant difference was observed when the responses in 

these two groups were compared in quantitative terms (mean: 5.5 IU/ml; SD 9.8 and 4.0 IU/ml; SD 6.0, 

respectively). 

Response to PPD was analyzed in a large portion of the subjects enrolled (14/15 of the controls; 8/23 

of those with recent infection; 10/16 of the remote LTBI; 34/50 of the active TB; 34/45 of the cured TB). When 

quantitative data were analyzed, a significant difference in the response to PPD was found considering all the 

groups simultaneously (p=0.004). For pair-wise comparisons, a significant difference was found between 

controls (mean: 5.5 IU/ml; SD 7.4) and remote LTBI (mean: 17.7 IU/ml; SD 6.2) (p=0.004) and between 

controls and cured TB (mean: 13.0 IU/ml; SD 9.6) (p=0.041) (Figure 2F). No significant differences were found 
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between controls and recent infection (mean: 13.8 IU/ml; SD 6.3) or between controls and active TB (mean: 

10.3 IU/ml; SD 7.1) or between active and cured TB or remote LTBI and recent infection.  

 

All together, these data suggest that IFN-γ responses to Rv2628 are most frequently found in those 

able to control M. tuberculosis replication, either naturally (remote LTBI) or after chemotherapy (cured TB), 

compared to those with active M. tuberculosis replication, either controlled, but acute (recent infection) or 

uncontrolled (active disease). These responses are different than those found by all other evaluated antigens 

including the remaining M.tuberculosis latency antigens (Rv2626c, Rv2627c, Rv2031c, Rv2032), QFT-IT-

antigens (ESAT-6, CFP-10, TB7.7) as well as PPD, since these responses did not significantly differ among 

the above-mentioned groups.  

 

In vitro short-term assay IFN−γ responses to M. tuberculosis latency antigen Rv2628: qualitative analysis 

Based on the significant difference found in the quantitative analysis, we performed a receiver-

operator characteristic (ROC) analysis for the response to Rv2628 in order to evaluate its potential use in 

discriminating the different stages of TB. In this analysis, we used the remote LTBI and the active TB as 

comparator groups because they represented the best examples of M. tuberculosis-containment or -active 

replication, respectively. Significant results for area under the curve (AUC) analysis were obtained (AUC, 0.85; 

95% confidence interval (CI), 0.75–0.96, p<0.001). For scoring purposes we chose a cut-off to maximize the 

sum of sensitivity and specificity. We found that a cut-off of 0.5 predicted LTBI with 76.0% sensitivity (95% CI, 

61.8%–86.9%) and 87.5% specificity (95% CI, 61.6%–98.4%). 

Finally, based on the cut-off value found for the responses to Rv2628, we scored the results as 

negative and positive. Significant difference was found among the different groups (p<0.001). As shown in 

table 2, the highest proportion of positive results was found among remote LTBI (14/16, 87.5%) who were 

positive to QFT-IT by definition, followed by cured TB (24/45; 53.3%) who resulted 68.9% positive to QFT-IT 

(table 3). Lower proportions of positive response to Rv2628 were found in individuals with active TB (12/50, 
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24.0%) and in those with recent infection (4/23; 17.3%); proportion of positive response to QFT-IT in these two 

groups were 72.0% and 100% (by definition), respectively. None of the controls responded to Rv2628 and 

resulted negative to QFT-IT by definition.  

A pair-wise comparison of positivity rate for Rv2628 in the five groups of individuals enrolled is also 

shown in table 2. Proportions of positive responses among remote LTBI were significantly higher than those 

recorded among active TB, recent infection and controls, while the difference with cured LTBI was not 

statistically significant. A significant difference was also found between cured TB compared to recent infection 

or controls, whereas the difference between cured and active TB (p=0.056) was close to significance.  

 

In vitro long-term IFN−γ responses to the M. tuberculosis latency antigens  

Long-term IFN−γ response was assessed to be in line with the results reported in the literature, although 

performed with different experimental settings. [17-20]. Long-term IFN−γ response to Rv2628 was significantly 

different among the groups analyzed simultaneously (p<0.001). Moreover this response was significantly 

higher in those with remote LTBI (mean: 12.1 IU/ml; SD 13.0) compared to those with recent infection (mean: 

2.9 IU/ml; SD 5.3) (p=0.002), controls (mean: 0.55 IU/ml; SD 1.6) (p<0.001) and active TB (mean: 1.7 IU/ml; 

SD 3.2) (p<0.001). Similar to the findings reported for the short-term responses, a significant difference was 

found between the response found in active TB compared to cured TB (p=0.019) and close to the significance 

levels was the difference found between cured TB and controls (p<0.058). Results similar to those described 

for the short responses were found when analyzing the qualitative data (data not shown). Regarding the other 

latency antigens (Rv2626c, Rv2627c, Rv2031c, Rv2032), no significant difference in terms of IFN-γ release 

was found for all the comparisons performed (data not shown). Regarding PPD, a significant difference was 

found for overall comparison among the different groups (p=0.001). For pair-wise comparisons, significant 

differences were found only between controls (mean: 8.6 IU/ml; SD 7.4) and remote LTBI (mean: 21.1 IU/ml; 

SD 4.6) (p=0.001) or controls and cured TB (mean: 6.8 IU/ml; SD 9.0) (p=0.007).  
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DISCUSSION 

In the present proof of principle study we analyzed IFN−γ-T-cell responses of individuals at different 

stages of M. tuberculosis infection/disease and uninfected controls to a series of proteins expressed during M. 

tuberculosis dormancy (Rv2626c, Rv2627c, Rv2628, Rv2031c, Rv2032). We also evaluated the response to 

M. tuberculosis early phase secreted antigens (ESAT6, CFP10 and TB7.7) as assessed by QFT-IT and to a 

mixture of mycobacterial antigens as present in PPD. 

Among all antigens evaluated, Rv2628 induced a significantly higher IFN−γ response, and increased 

proportions of positive responses to this antigen were found in remote LTBI and cured TB compared to recent 

infection and active TB. Among QFT-IT-positive individuals with remote LTBI, the proportion of responders to 

Rv2628 was almost 5-fold higher compared to QFT-IT-positive recently-M. tuberculosis-infected individuals 

(87.5% vs 17.3% respectively). When analyzed in quantitative terms, similar results were obtained by using 

long- or short-term assay. However, the whole blood, day-1 format appears more appealing for potential use 

as a diagnostic tool.  Together, these results suggest that the response to Rv2628 can be used to characterize 

LTBI as a remote vs. recently acquired infection. This can be helpful in the clinical management of recently 

acquired infection, since persons with this condition may have the greatest benefit from preventive therapy [8].  

 

The M. tuberculosis latency antigens used in the present study are encoded by the M. tuberculosis 

dosR regulon, which has been shown to play a critical role in preparing M. tuberculosis for the metabolic shift-

down associated with bacterial dormancy [23, 24]. At present, the exact role of the dosR regulon products in 

human M. tuberculosis infection is not completely understood. Rv2031c, the archetypal dosR regulon product, 

is a small heat-shock protein, and cellular immune responses to Rv2031c have been observed in individuals 

with LTBI [25]. More recently, Leyten et al. studied human T cell responses to a set of the 25 dosR encoded 

proteins, using long-term cultured thawed PBMC [14]. The results provided first support for the immunogenicity 
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of dosR regulon proteins in human PBMC stimulation assays of TST+ individuals. Subsequently, the latency 

antigens Rv1733c, Rv2029c, Rv2627c and Rv2628 were identified as the most frequently recognized antigens 

in latently infected individuals [14, 16]. Similarly, IFN-γ response to Rv3407 has recently been shown as a 

response specific for LTBI [15].  Our results confirm that cellular immune response to these latency antigens 

can be found in vitro, and show that this response can also be efficiently detected by means of a whole- blood 

1-day assay. We also found that the response to Rv2628 antigen was more clearly associated with a latent 

infection, as previously shown using other experimental approaches by Leyten [14] and Black [15] and 

confirmed by Roupie [26] in mice. However, from all the studies reported, it is presently unclear why the 

response to Rv2628 may provide a better discrimination between the different stages of TB infection. Among 

the studies performed on human samples [14-17], Schuck [15] did not show any immunogenic activity of 

Rv2628. It may likely due to the selection of LTBI subjects that have not been clearly defined as recently or 

remotely infected. 

Detectable responses to M. tuberculosis latency antigens, although limited, were also found in active 

TB patients. This is probably due to the fact that these antigens are expressed in response to immune and 

physiological stress experienced by the bacteria, which eventually result in latency, and immune responses to 

the antigens induced during this phase may remain detectable [23, 26, 27].  

As previously shown [14], we also found low levels of recognition of latency antigens Rv2626c and 

Rv2627c by some of the uninfected controls not correlated with BCG-vaccination (data not shown). This result 

may most likely be explained by exposure to mycobacteria other than M. tuberculosis that have similar 

dormancy regulon [28, 29 and Lin et al, submitted]. The Dos regulon is also present in BCG, but in the present 

study, vaccination does not seem to be associated with induction of responses to Rv2628, either in controls or 

in the subjects with recent infection, as previously reported [30]. 
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Our study has a number of limitations. Individuals with recent infection were the contacts of sputum smear-

positive TB patients in the last 3 months. By definition, they were all TST-positive. However a TST conversion 

was documented in only 8 of them, so we cannot rule out that misclassification may have occurred in some 

cases. Although the association of the results of immune response with a status of latency which we describe 

is highly likely, the number of individuals enrolled in this proof of principle study is limited. This indicates the 

need to confirm the data in larger independent studies. Moreover the groups enrolled were not fully matched 

for region of origin. To evaluate if the results could have been influenced by differences in ethnic distribution of 

different groups, we repeated the analysis by including only those who originated from Western European 

countries, which represented the largest population group. In this group we found the same associations 

observed in the overall population (data not shown). This observation suggests that our results are most likely 

not biased by ethnicity or country of origin. These results were obtained evaluating the response to Rv2628 at 

a single time point; however an overtime evaluation of those with active TB and recent infection is crucial to 

understand the meaning of this study in a clinical context and ongoing studies are in process. Finally, several 

comparisons were performed to assess the possible association of each antigen with the stage of TB, and this 

may have increased the chance of “false positive” associations. However, the differences in responses to 

Rv2628 between those able to control M. tuberculosis replication, either naturally (remote LTBI) or after 

chemotherapy (cured TB), and those with active M. tuberculosis replication, either controlled, but acute (recent 

infection) or uncontrolled (active disease) were still highly significant after applying the correction for multiple 

comparisons.  

In conclusion, the whole blood short-term IFN-γ response to Rv2628 is frequently detected in remote 

LTBI, but it is rarely found in recently acquired infection. These results may have important clinical practical 

implication for risk stratification when deciding to initiate preventive therapy for LTBI. 
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FIGURE LEGEND 

Figure 1. IFN−γ response to M. tuberculosis Rv2628 by short (1-day) stimulation of whole blood in controls, 

remote LTBI, recent infection, patients with TB disease and successfully treated TB patients (cured TB) is 

shown. Remote LTBI and recent infection subjects were selected to be positive to QFT-IT. Horizontal lines 

indicate the mean IFN−γ production in response to the antigen. Responses were compared using ANOVA with 

Bonferroni correction for pair-wise comparisons; significant p values are reported (p<0.05).  
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Figure 2A-F. IFN−γ response to M. tuberculosis Rv2626c, Rv2627c, Rv2031c, Rv2032, QFT-IT and PPD by 

short (1-day) stimulation of whole blood in controls, remote LTBI, recent infection, patients with TB disease 

and successfully treated TB patients (cured TB) is shown. Remote LTBI and recent infection subjects were 

selected to be positive to QFT-IT. Horizontal lines indicate the mean IFN−γ production in response to the 

antigens. Responses were compared using ANOVA with Bonferroni correction for pair-wise comparisons; 

significant p values are reported (p<0.05). 
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Table 1. Demographic and clinical characteristics of the subjects enrolled in the study. 

 

Total 

 

N. 149 (%) 

Controls 

 

N. 15 (%) 

Remote LTBI 

 

N. 16 (%) 

Recent contacts 

 

N. 23 (%) 

Active TB 

 

N. 50 (%) 

Cured TB 

 

N. 45 (%) 

Age y mean (±SD) 38.1±1.2 34.2±3.1 50.5±3.7 38.3±3.4 34.8±1.8 38.5±2.3 

Female Gender 69 (46.3) 10 (66.7) 4 (25.0) 12 (52.2) 21 (42.2) 22 (48.9) 

BCG vaccinated 95 (63.8) 6 (40.0) 3 (18.3) 14 (60.9) 41 (82.0) 31 (68.9) 

       

Origin       

Western Europe 59 (39.6) 12 (80.0) 13 (81.3) 9 (39.1) 9 (18.0) 16 (35.6) 

Eastern Europe 56 (37.6) 2 (13.3) 2 (12.5) 9 (39.1) 24 (48.0) 19 (42.2) 

Asia 18 (12.1) - 1 (6.3) 3 (13.0) 10 (20.0) 4 (8.9) 

Africa 10 (6.7) - - 2 (8.7) 4 (8.0) 4 (8.9) 
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Latin America 6 (4.0) 1 (6.7) - - 3 (6.0) 2 (4.4) 

Confirmed TB: 
localization       

Pulmonary 41 (27.5) - - - 41 (82.0) - 

Extra-pulmonary 5 (3.3) - - - 5 (10.0) - 

Pulmonary and 
extra-pulmonary 

 
4 (2.6) - - - 4 (8.0) - 

TST mean±SD ND 1±2.6 28.6±8.9 17.1±11.1 ND ND 

 

Footnotes: TB: tuberculosis; LTBI: latent tuberculosis infection; TST: tuberculin skin test; ND: not done; SD: standard deviation. 
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Table 2. IFN−γ response to Rv2628 after 1 day of in vitro stimulation in controls and patients at different stage of M.tuberculosis infection/disease 
and p-values for pair-wise comparison of proportion of response among groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Footnotes: TB: tuberculosis; LTBI: latent tuberculosis infection. *The hypothesis of equal proportion was tested by Fisher exact test with Bonferroni 
correction. *P value was significant if ≤0.05. 

 Comparator group 

Group                        positive over total (%)  Cured TB Active TB Recent infection Controls 

 p-value* 

Remote LTBI 

14/16 (87.5%) 
p=0.178 p<0.001 p<0.001 p<0.001 

Cured TB 

24/45 (53.3%) 

 

- 
p=0.056 p=0.048 p=0.001 

Active TB 

12/50 (24.0%) 
- - p=1.000 p=0.537 

Recent  LTBI 

4/23 (17.3%) 
- - - p=1.000 

Controls                                          0/15 (0%) - - - - 
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Table 3. Accuracy of the response to QuantiFERON TB-Gold In-Tube and RV2628 for the diagnosis of the different status of tuberculosis. 

QuantiFERON TB-Gold In-Tube vs IFN-γ response to Rv2628 

 QuantiFERON TB Gold 
In Tube 

IFN-γ response to 
Rv2628 p-value* 

  

Active TB 

 

36/50 (72.0) 

 

 

12/50 (24.0) 

 

P<0.0001 

Past TB 

 

31/45 (68.9) 

 

 

24/45 (53.3) 

 

P=0.1 

Footnotes: TB: tuberculosis; IFN: Interferon. *The hypothesis of equal proportion was tested by Fisher exact test. 

 

 

 

 

 


