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Positive Tuberculin Skin Test or Interferon-Gamma Release Assay 
in Patients with Radiographic Lesions Suggesting Old Healed 
Tuberculosis

Radiographic lesions suggesting old healed tuberculosis (TB) is considered a risk factor for 
the subsequent development of active TB. The aim of this study was to estimate the 
positive rates of tuberculin skin test (TST) and interferon-gamma release assay (IGRA) in 
persons with old healed TB. Participants with lesions suggesting old healed TB on chest 
images and controls without such lesions were prospectively enrolled between January 1, 
2010, and January 31, 2011. TST and the QuantiFERON-TB Gold In-Tube test (QFT-GIT) 
were performed. In total, 193 participants with old healed TB and 126 controls were 
recruited. The rates of positive TST and QFT-GIT among patients with old healed TB were 
54.6% and 77.7%, respectively. The rates of positive TST and QFT-GIT among patients 
without old healed TB were 38.9% and 61.9%. Sixteen percent of participants with old 
healed TB showed negative results by both TST and QFT-GIT. The positive rate of TST waned 
among participants with old healed TB who were older than 60 yr, whereas QFT-GIT 
positivity was unaffected by age. The positive rates of TST and IGRA among participants 
with radiographic lesions suggesting old healed TB was higher than without those lesions.  
In addition, IGRA may be more accurate than TST for the detection of latent TB infection, 
especially in populations of individuals older than 60 yr.
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INTRODUCTION

Among infectious diseases, tuberculosis (TB) is one of the lead-
ing causes of mortality and morbidity worldwide. There were 
9.4 million new cases and 1.3 million deaths among HIV-nega-
tive people in 2009 (1). To control TB, diagnosis and treatment 
of active TB is not enough because there are many cases of un-
detected latent TB infection (LTBI) that can develop into active 
disease over a period of time. 
 Among patients with LTBI, groups at high risk for the devel-
opment of active TB include those with advanced HIV infec-
tion, those with lesions suggesting old healed TB on chest radio-
graphs (CXR), those with chronic renal failure, those who have 
undergone anti-TNF-α treatment, those with poorly controlled 
diabetes, those with silicosis, those who are underweight (> 10% 
below normal), and those who have undergone gastrectomies 
(2). Among these, the presence of radiographic lesions consis-
tent with old healed TB is one of the strongest risk factors for 

development of active TB (3). The 5-yr incidence of TB in tuber-
culin skin test (TST)-positive persons with old healed TB lesions 
on their CXR was 14.3 per 1,000 person-years. Among individuals 
with fibrotic lesions larger than 2 cm2, the incidence was 21.3 
per 1,000 person-years (4). In another report, the presence of 
calcified nodular densities or fibrosis together with nodular 
densities in the mid and/or upper lung zones was associated 
with 8.8-fold higher odds for the subsequent development of 
active TB (5).
 There is no reference standard for detection of LTBI, therefore 
TST had been the only test to evaluate the possibility of infec-
tion for a long time. Recently, a whole blood interferon-γ (IFN-γ) 
release assay (IGRA) which measures cellular immune respons-
es to the tuberculosis-specific proteins ESAT-6 and CFP-10, has 
become commercially available and been regarded as superior 
modality than TST in detection of LTBI (6).
 Although the presence of lesions suggesting old healed TB has 
been regarded as a hallmark of LTBI, there is little information on 
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the positive rates of TST and IGRA in patients with radiographic 
lesions consistent with old healed TB. The objective of the pres-
ent study was to estimate the positive rates of TST and IGRA in 
persons with radiographic lesions suggesting old healed TB. 

MATERIALS AND METHODS

Participants
Participants were recruited prospectively between January 1, 
2010, and January 31, 2011, at Seoul National University Hospi-
tal, a tertiary referral hospital in Seoul, Republic of Korea. A 
board-certified radiologist reviewed CXRs and, if available, 
chest computed tomography (CT) scans, of patients who were 
admitted or referred to the respiratory clinic during the study 
period. If patients satisfied the enrollment criteria, they were 
asked to participate in this study. Participants who had chest 
imaging abnormalities consistent with old healed TB were en-
rolled as a case group and those without such lesions were en-
rolled as a control group. Participants were excluded if they had 
taken immune-suppressive drugs during the previous 3 months, 
had positive HIV test results, had isolation of nontuberculous 
mycobacteria, were undergoing renal replacement therapy, or 
had uncontrolled diabetes. Participants in the control group 
were excluded if they had a past history of treatment for active 
TB, had pleural effusion, or had undergone resection of part of 
their lung. The possibility of active pulmonary TB was excluded 
in any patient who could expectorate sputum by three times of 
sputum that was negative for acid-fast staining and mycobacte-
rial culture.
 After providing written consent, each participant was asked 
about his/her past medical history including TB, smoking sta-
tus, and co-morbidities. Additionally, the presence of BCG vac-
cination scar was screened and their medical records were re-
viewed. 

Study protocol
Interpretation of CXR and Chest CT

The presence of old healed TB was defined based on criteria 
proposed by Linh et al. (5) and the ATS/CDC guidelines (7).  
Lesions compatible with old healed TB were categorized as prob-
able or possible cases. Probable cases were defined as; calcified 
nodular densities in mid and/or upper lung zones; fibrosis and 
nodular densities in mid and/or upper lung zones. Possible cases 
included lesions such as; calcified nodular densities in lower 
zones; fibrosis or nodular densities in mid and/or upper lung 
zones; single calcified nodule; significant basal pleural thicken-
ing (≥ 10 mm); bronchiectasis in upper lobe.

IGRA

The QuantiFERON-TB Gold In-Tube test (QFT-GIT) was per-
formed according to the manufacturer’s instructions (8).

TST

After collection of blood samples for the QFT-GIT, the TST was 
performed on the volar side of the forearm according to the 
Mantoux method using a 2-TU dose of purified protein deriva-
tive RT23 (Statens Serum Institut, Copenhagen, Denmark), and 
any induration was measured in millimeters after 48-72 hr us-
ing the ballpoint method (9). We defined a positive test as an 
induration of ≥ 10 mm (10).

Statistical analysis
Statistical test of comparison was made using Pearson’s chi-
squared test or Fisher’s exact test for categorical variables and 
Student’s t-test for continuous variables. Statistical significance 
was defined by a 2-tailed P  value of ≤ 0.05. Agreement between 
the TST and QFT-GIT results was assessed using κ coefficients 
(11). All statistical analyses were conducted using the PASW 
software (Ver. 17.0; SPSS Inc., Chicago, IL, USA).

Ethicis statement
The informed consent was obtained from every participants. 
The study protocol was approved by the ethics review commit-
tee of the Seoul National University Hospital (IRB No. H-0909-
054-295).
 

RESULTS

Demographics of the participants
In total, 193 participants with old healed TB on their CXR and 
126 without evidence of old healed TB were recruited. The me-
dian age of the case group was 64 (range, 36-88) yr and that of 

Table 1. Demographic and clinical characteristics of participants

Characteristics

Participants 
with lesions 

suggesting old 
healed TB 
(n = 193)

Participants 
without lesions 
suggesting old 

healed TB 
(n = 126)

P value

Age (yr), median (range)
  < 60 yr
  ≥ 60 yr

  64 (36-88)
  74 (38.3%)
119 (61.7%)

60 (18-81)
 59 (46.8%)
 67 (53.2%)

0.01
0.13

Male sex 120 (62.2%)  67 (53.2%) 0.11
Body mass index (g/m2), 
   median (range) 

22.6  
(15.2-32.0)

24.1  
(17.6-36.1)

< 0.001

Presence of BCG scar 72/169*  
(42.6%)

67/103*  
(65.0%)

< 0.001

Past history of treatment for active TB   84 (43.5%) 0
Ex or current smoker 105 (54.4%)  54 (42.9%) 0.04
Comorbidities
   Diabetes
   Chronic liver disease†

   Chronic kidney disease‡

   Malignancy

  
16 (8.3%)
  6 (3.1%)
  2 (1.0%)

138 (71.9%)

   
 13 (10.3%)

0 
0

 79 (64.2%)

  
0.54
0.09
0.52
0.09

*Number of participants with available information on presence of BCG scar; †Chronic 
viral hepatitis and liver cirrhosis with Child-Pugh Class A; ‡Estimated GFR (MDRD for-
mula) < 50 mL/min/1.73 m2.
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the control group was 60 (range, 18-81) yr (P = 0.01). There were 
120 (62.2%) males in the case group and 67 (53.2%) in the con-
trol group. No participant in either group reported contact with 
active TB patients in recent 6 months. There was no significant 
difference between the two groups in the prevalence of comor-
bidities, including diabetes, chronic liver disease, chronic renal 
failure, and malignancies (Table 1). Available CT scans were re-
viewed among 84.0% of participants. 

Results of TST and QFT-GIT among participants
TST results were missing in 48 participants (30 in the case group 
and 18 in the control group), whereas QFT-GIT results were 
available for all participants. No indeterminate QFT-GIT result 
was reported.
 The TST positive response rate was higher in the case group 
than in the controls (54.6% vs 38.9%; P = 0.01). The QFT-GIT 
positive response rate was also higher in the case group than in 
the controls (77.7% vs 61.9%; P = 0.002). When compared to 
TST, positive rates of the QFT-GIT are higher in both groups (P <  
0.001). No difference in the TST and QFT-GIT positive rates was 
identified between participants with probable and possible old 
healed TB (P = 0.62 and 0.59, respectively) (Table 2).

Comparison of TST and QFT-GIT results between different 
age groups
To examine the impact of age on TST and QFT-GIT results, par-
ticipants were classified into two groups: < 60 and ≥ 60 yr of 
age. The TST positive rate was lower among ≥ 60-yr-old partici-

pants with radiographic lesions suggesting old healed TB than 
among the younger participants (43.3% vs 71.2%; P < 0.01). How-
ever, no difference in the QFT-GIT positive rate was observed 
between the two age groups in participants with radiographic 
lesions suggesting old healed TB (78.2% vs 77.0%; P = 0.86) 
(Table 3).

Comparison of TST and QFT-GIT results between 
participants with and without a prior history of TB
The TST and QFT-GIT results were not affected by past history 
of TB treatment. The TST positive response rate in case group 
was 52.2% in participants without history of previous TB and 
was 57.7% in those with history of TB (P = 0.48). In addition, the 
QFT-GIT positive response rate in case group was 76.1% in par-
ticipants without history of previous TB and 79.8% in those with 
history of TB (P = 0.55). 

Table 2. Results of tuberculin skin test and QuantiFERON-TB Gold In-Tube assay 

Parameters
Participants with lesions suggesting old healed TB (n = 193) Participants without  

lesions suggesting  
old healed TB (n = 126)

P  value† P  value‡

Total (n = 193) Probable (n = 142) Possible (n = 51)

Positive TST   89 (54.6%)   68 (55.7%) 21 (51.2%) 42 (38.9%) 0.01 0.62
Positive QFT-GIT 150 (77.7%) 109 (76.8%) 41 (80.4%) 78 (61.9%)   0.002 0.59
P  value* < 0.001 - - < 0.001 - -
TB Ag-Nil (IU/mL), median (range)      3.68 (-0.44-10.0)      3.65 (-0.44-10.0)     3.75 (-0.36-10.0)     3.24 (-0.38-10.0) 0.03 0.88

*Comparison between results of TST and QFT-GIT; †Comparison between old healed TB group vs control group; ‡Comparison between probable old healed group vs possible 
old healed group.

Table 3. Results of tuberculin skin test and QuantiFERON-TB Gold In-Tube assay 
among different age groups

Parameters

Participants with lesions 
suggesting old healed TB  

(n = 193)

Participants without lesions 
suggesting old healed TB  

(n = 126)

< 60 yr ≥ 60 yr < 60 yr ≥ 60 yr

Positive TST 47 (71.2%)     42 (43.3%)  
  (n = 66)        (n = 97)

P < 0.001

19 (39.6%)     23 (38.3%) 
 (n = 48)        (n = 60)

P = 0.90
Positive QFT-GIT 57 (77.0%)     93 (78.2%) 

 (n = 74)        (n = 119)
P = 0.86

33 (55.9%)     45 (67.2%) 
 (n = 59)        (n = 67)

P = 0.20

P values are from comparisons of positive rates between participants < 60 and ≥ 60 yr.

Table 4. Classification of participants with old healed TB based on tuberculin skin test 
and QuantiFERON-TB Gold In-Tube assay

Test findings
Total  

(n = 163*)
< 60 yr  

(n = 66)
≥ 60 yr  

(n = 97)
P value†

TST (+)/IGRA (+)   79 (48.5%) 40 (60.6%) 39 (40.2%) 0.01
TST (-)/IGRA (+)   48 (29.4%) 12 (18.2%) 36 (37.1%) 0.01
TST (+)/IGRA (-) 10 (6.1%)   7 (10.6%) 3 (3.1%) 0.09
TST (-)/IGRA (-)   26 (16.0%)   7 (10.6%) 19 (19.6%) 0.12

*Results of TST were missing in 30 participants with old healed TB; †Comparison be-
tween the number included in specific category and the others. 

Table 5. Concordance rates of tuberculin skin test and QuantiFERON-TB Gold In-Tube 
assay

Groups
Concordance rate 

(%)
κ-value

All participants 66.3 0.33
Participants with lesions suggesting old healed TB
   Without history of previous TB
   With history of previous TB
Participants without old healed TB

64.4
67.4
60.6
69.2

0.25
0.33
0.13
0.41

Participants < 60 yr old
Participants ≥ 60 yr old

73.7
60.9

0.44
0.27

BCG-vaccinated participants
BCG-unvaccinated participants

68.3
65.8%

0.37
0.32
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Concordance of TST and QFT-GIT results
In total, 48.5% of participants with radiographic lesions suggest-
ing old healed TB had positive results for both TST and QFT-
GIT, 29.4% showed negative TST and positive IGRA results. In 
addition, 6.1% showed positive TST and negative QFT-GIT re-
sults, and 16.0% showed negative results by both tests (Table 4).
 The overall agreement between the TST and QFT-GIT in par-
ticipants was poor (κ = 0.33). The TST and QFT-GIT concordance 
rate was poor in participants with radiographic lesions suggest-
ing old healed TB (κ = 0.25), but was better in the control group 
(κ = 0.41). Agreement between the two tests was better among 
participants < 60 yr of age (κ = 0.44) than among older partici-
pants (κ = 0.27). However, agreement was not different between 
participants with BCG scars (κ = 0.37) and without BCG scar 
(κ = 0.32) (Table 5).

DISCUSSION

Although old healed TB on CXR has been regarded as one of 
the strongest risk factors for development of active TB, as well 
as presence of LTBI (12-14), the actual positive rates of TST and 
IGRA among patients with these lesions is unclear. This pro-
spective study showed that the positive rates of TST and QFT-
GIT were 54.6% and 77.7%, respectively, higher than in partici-
pants without radiographic lesions suggesting old healed TB 
(38.9% by TST and 61.9% by QFT-GIT).
 In a previous study that evaluated the prevalence of LTBI 
among healthcare workers in India, no difference in positive 
rates of TST as well as QFT-GIT was identified between partici-
pants with radiographic lesions suggesting old healed TB and 
participants without those lesions (TST positivity, 81.9% vs 
84.0%; QFT-GIT positivity, 82.8% vs 79.6%) (15). Given the high-
er prevalence of active TB among the general population in In-
dia (249 per 100,000 persons in 2009) (1) than in Korea (115 per 
100,000 persons in 2009) (1), as well as the higher prevalence of 
LTBI among healthcare workers (16), the association between 
presence of radiographic lesions suggesting old healed TB and 
positive TST or QFT-GIT might have been masked by the high 
prevalence of LTBI among participants with normal CXR in that 
study.
 Although calcified nodular densities or fibrosis together with 
nodular densities in the mid and/or upper lung zones have 
been regarded as typical patterns of old healed TB, the positive 
rates of TST or QFT-GIT did not differ according to the charac-
teristics of radiographic lesions in our study. Participants with 
radiographic lesions suggesting old healed TB were classified 
into probable and possible groups. Participants with typical  
radiographic findings of old healed TB were included in the 
probable group, and those with relatively minor abnormalities 
might be associated with previous TB infection in the possible 
group. The TST and QFT-GIT positive rates among participants 

with probable TB sequelae and those among participants with 
possible TB sequelae did not differ. This indicates that the pres-
ence of radiographic lesions suggesting old healed TB itself 
rather than a specific CXR pattern suggesting the presence of 
old healed TB is important in predicting the positive TST or 
QFT-GIT.
 Increasing age is a risk factor for LTBI in areas where TB is 
common because older persons have had more chances to con-
tact active TB patients. Based on the observation that TST posi-
tivity increased with age (17), TST has been suggested to be more 
sensitive than IGRA in detection of remote infections. However, 
in the present study, the TST positive rate was lower among par-
ticipants with radiographic lesions suggesting old healed TB. 
Conversely, IGRA positivity was not affected by older age. This 
discrepancy between TST and IGRA in the aged group could  
be explained by waning immunity against tuberculin with age. 
False-negative TST results have been reported in older popula-
tions (18, 19), and this may be associated with decreased de-
layed type hypersensitivity with increasing age. Because IGRA 
is based on different T-cell immunity, rather than a delayed type 
hypersensitivity reaction, it may not be affected by aging as much 
as TST (12, 20, 21).
 In our study, the TST and QFT-GIT results were not affected 
by past history of TB treatment among participants with lesions 
suggesting old healed TB. This observation could be explained 
by the fact the 32%-46% of patients with active TB had negative 
conversion of IGRA with anti-TB treatment (22, 23). However, 
the clinical meaning of negative IGRA conversion with anti-TB 
treatment among TB patients is not clear yet.
 Most studies have shown that agreement between TST and 
QFT-GIT is poor-to-intermediate (κ = 0.16-0.55) (17, 24). Like-
wise, the present study showed that the overall agreement be-
tween the TST and QFT-GIT in participants was poor (κ = 0.33). 
A previous study suggested that the BCG vaccination status was 
as a major reason for this discrepancy (25). However, in the pres-
ent study, the agreement did not differ between participants 
with (κ = 0.37) and without BCG scars (κ = 0.32). Instead, age 
was associated with discordance between the two tests. Agree-
ment of the two tests was better among participants < 60 yr of 
age (κ = 0.44) than among older participants (κ = 0.27). Poor 
agreement in the older group was caused primarily by an in-
creased proportion of participants with TST-negative and QFT-
GIT-positive results among them. This result is consistent with 
previous observations that TST-negative and QFT-positive dis-
cordance increased with age (26, 27) and indicates that the QFT-
GIT test may be more sensitive than the TST in the elderly.
 Although the presence of lesions suggesting old healed TB 
has been regarded as a hallmark of LTBI, both TST and QFT-
GIT were negative in 16.0% of participants with those lesions. 
That is, no evidence of LTBI was identified among them. This 
could be explained in two ways. First, neither TST nor QFT-GIT 
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may be as sensitive as expected in the detection of LTBI. Previ-
ous studies confirming excellent sensitivity of QFT-GIT used 
active TB patients as the gold standard for TB infection (28). 
However, IFN-γ releasing capacity to TB antigens might be weak-
er among patients with LTBI than among patients with active 
TB. If this is true, then QFT-GIT sensitivity in the diagnosis of 
LTBI would be lower than expected. Second, the interpretation 
of radiographic lesions suggesting old healed TB could be inac-
curate in some cases. In fact, radiographic lesions suggestive of 
TB may also be present in conditions such as histoplasmosis, 
pneumoconiosis, hypersensitivity pneumonitis, sarcoidosis, 
vasculitis, and siderosis. In this context, the presence of radio-
graphic lesions suggesting old healed TB might not be a good 
surrogate for the presence of LTBI, although it has been widely 
used (29-31). 
 The strengths and limitations of this study must be acknowl-
edged. In previous studies, the presence of radiographic lesions 
consistent with old healed TB was determined based on CXR. 
However, chest CT could differentiate old fibrotic lesions more 
clearly (32) and has the potential to play a role as a predictor of 
future development of TB, possibly better than CXR (33). The fact 
that chest CT was available among 84.0% of participants makes 
the present results more reliable. A limitation of this study is that 
a considerable proportion of participants had underlying comor-
bidities such as diabetes, which can increase susceptibility to 
TB infection. However, as the proportions of participants with 
comorbidities were not different between the two groups, the 
possibility of the results being affected by the presence of co-
morbidities might not be significant. However, the burden of 
TB is still intermediate to high in Korea, thus the interpretation 
of the results might not be applicable in general. 
 The positive rates of TST and IGRA among participants with 
radiographic lesions suggesting old healed TB is higher than 
those without such lesions. IGRA may be more accurate than 
TST for the detection of LTBI, especially in populations of indi-
viduals older than 60 yr.
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