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The presence of radiographic lesions suggesting old healed tuberculosis (TB) is one of the
strongest risk factors for the subsequent development of active TB. We elucidated the
metabolic activity of radiographic lesions suggesting old healed TB using
"®F-fluorodeoxyglucose positron emission tomography/computed tomography (*F-FDG
PET/CT). This cross-sectional study included 63 participants with radiographic lesions
suggesting old healed TB and with available ®F-FDG PET/CT scans. The maximum
standardized uptake value (SUVma) measured in the lesions, the clinical characteristics,
results of the tuberculin skin test (TST) and interferon-y release assay (IGRA) were analyzed.
The SUVimax in old healed TB was 1.5 or higher among nine (14.3%) participants. Age
(adjusted odds ratio [aOR], 1.23; 95% Cl, 1.03-1.46), history of previous TB (aOR, 60.43;
95% Cl, 1.71-2131.65), and extent of the lesions (aOR, 1.34; 95% Cl, 1.02-1.75) were
associated with higher SUViax. The positive rates for the TST and IGRA were not different
between groups with and without increased FDG uptake. Increased FDG uptake on "®F-FDG
PET/CT was observed in a subset of patients with radiographic lesions suggesting old healed
TB. Given that the factors associated with increased FDG uptake are known risk factors for
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TB development, the possibility exists that participants with old healed TB lesions with
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INTRODUCTION

0ld healed tuberculosis (TB) can be defined as radiographic le-
sions suggesting TB sequelae without clinical or microbiologi-
cal evidence of active pulmonary TB. Old healed TB usually
presents as pulmonary nodules in the hilar area or upper lobes
with fibrotic scars and volume loss. Also, bronchiectasis and
pleural scarring may be combined (1). Nodules and fibrotic
scars from old healed TB may contain slowly multiplying tuber-
cle bacilli with the potential for future progression to active TB.
In previous studies, the presence of radiographic lesions con-
sistent with old healed TB was one of the strongest risk factors
for the development of active TB (2). However, there is no infor-
mation on the metabolic states in such lesions.
®F-fluorodeoxyglucose positron emission tomography/com-
puted tomography (**F-FDG PET/CT) has been widely used for
differentiation of malignant from benign pulmonary lesions
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higher SUV on "*F-FDG PET/CT scans might be at higher risk for active TB.
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because FDG uptake was significantly increased in malignant
pulmonary lesions (3). However, FDG accumulates in not only
malignant tumors but also inflammatory lesions of both infec-
tious and noninfectious origins, including pulmonary TB, sar-
coidosis, histoplasmosis, and others (4-7). The inflammatory
cells such as neutrophils and activated macrophages at the site
of inflammation or infection may be responsible for the accu-
mulation of FDG (8, 9). Reports have suggested the usefulness
of ®F-FDG PET/CT for the evaluation of inflammatory lesions
(6,10).

Because active pulmonary TB in the acute state has intense
glucose hypermetabolism (11), strong uptake of FDG was ob-
served in pulmonary TB (3, 12-14) as well as in pulmonary tu-
berculoma (15-17). Subsequently, '*F-FDG PET/CT was pro-
posed as a tool for determining the activity of pulmonary tuber-
culomas (16) and for evaluating the therapeutic response of TB
(18, 19). However, there are no reports on PET findings in radio-
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graphic lesions suggesting old healed TB. In the present study,
we elucidated the metabolic activity of old healed TB using "°F-
FDG PET/CT and compared the uptake with the results of the
tuberculin skin test (TST) and interferon (IFN)-y release assay
(IGRA).

MATERIALS AND METHODS

Participants and study design

This was a cross-sectional study based on a previous prospec-
tively enrolled trial of 193 participants with radiographic lesions
suggesting old healed TB at Seoul National University Hospital
(Seoul, Republic of Korea), a tertiary referral hospital, between
1 January 2010 and 31 January 2011 (20). From the cohort, 63
participants with radiographic lesions suggesting old healed TB
and available "®F-FDG PET/CT scans performed during the stag-
ing work up for the newly diagnosed cancers were included in
this study. The maximum standardized uptake value (SUVinax)
was measured in the radiographic lesions suggesting old healed
TB; and the demographic data, clinical characteristics, and re-
sults of the TST and IGRA were analyzed.

Interpretation of computed tomography of the chest

The presence of old healed TB was defined based on criteria
proposed by Linh et al. (21) and the Centers for Disease Control
and Prevention guidelines (22). The extent of lesions suggesting
old healed TB (cm?) was determined by multiplying the major
and minor axes (cm) measured on coronal images of the chest
computed tomography (CT), where the major axis was the lon-
gest axis.

Whole blood IGRA and TST

For IGRA, the QuantiFERON-TB Gold In-Tube test (QFT-GIT)
was performed according to the manufacturer’s instructions.
Test results were interpreted as negative, indeterminate, or pos-
itive (cut off, 0.35 IU/mL) using the manufacturer’s software
(Cellestis, Carnegie, Australia). TST was performed according
to the Mantoux method using a 2-TU dose of purified protein
derivative RT23 (Statens Serum Institut, Copenhagen, Denmark).
After 48-72 hr, any induration was measured in millimeters us-
ing the ballpoint method. A positive TST result was defined as
an induration of > 10 mm. QFT-GIT and TST were performed
within 1 week of checking '*F-FDG PET/CT.

15E_FDG PET/CT imaging

All patients fasted for at least 6 hr prior to the study. "*F-FDG
PET/CT imaging studies were conducted 60 min after intrave-
nous injection of F-18 FDG (5.18 MBq/kg). Patients were exam-
ined using dedicated PET/CT scanners (Gemini, Philips; Bio-
graph 40, Siemens). Emission scans were conducted in a three-
dimensional mode following a CT scan for attenuation correc-

http://dx.doi.org/10.3346/jkms.2014.29.3.386

tion. After scatter and decay correction, PET data were recon-
structed iteratively with attenuation correction and were reori-
ented in axial, sagittal, and coronal slices. PET/CT images were
analyzed in three different planes: transverse, coronal, and sag-
ittal.

Two board-certified nuclear medicine physicians, unaware
of the demographic/clinical data and laboratory results, inter-
preted the "*F-FDG PET/CT scans. FDG uptake was measured
as the standardized uptake value (SUV) on the emission imag-
es, using a vendor-supplied analysis tool package (Syngo.via,
Siemens). After visually finding the area of highest FDG uptake
in lesions suggesting old healed TB, the region of interest (ROI)
was outlined. A SUV normalized for the injected dose and body
weight was obtained in each pixel using a standard method:
SUV = ROI activity/(injected dose/body weight), where the ROI
activity is measured in mCi/mL, the injected dose is measured
in mCi, and body weight is measured in g. The maximum pixel
value in the ROI was chosen as the maximum SUV (SUVnay).
We assumed a SUVnnax of 1.5 as a cut-off value of significant FDG
uptake in old healed TB, based on the fact that the SUV of nor-
mal lung tissue is usually between 0.4 and 0.5 (23).

Statistical analysis

Data are expressed as median values with minimum and maxi-
mum values. Comparisons of demographic characteristics, TST
and IGRA results, and radiographic findings between patients
with and without meaningful SUV uptake were performed us-
ing Pearson’s chi-square test or Fisher’s exact test for categori-
cal variables and Mann-Whitney U-test for continuous variables.
To elucidate the predictors for meaningful SUV increase, we se-
lected clinical variables through univariate comparison and
performed subsequent binary logistic regression. In regression,
backward elimination was used to select variables to be main-
tained in the final model. A P value of 0.10 was the criterion for
statistical significance of association. All statistical analyses were
performed with PASW software (ver. 17.0; SPSS Inc., Chicago,
IL, USA).

Ethics statement

The study protocol was approved by the by the institutional re-
view board of Seoul National University Hospital (IRB No. 1109-
037-377).

RESULTS

Baseline characteristics of the participants

The median age of the 63 participants was 65 yr (range, 36-88
yr), and 43 (68.3%) were male. The presence of a BCG scar was
confirmed in 22 patients (38.6%), and 30 (47.6%) had a history
of TB treatment. In total, 66.7% of participants had a positive
TST, and 77.8% had a positive QFT-GIT. The median extent of
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the lesions on chest CT was 3.52 cm? (range, 0.12-32.86 cm?)
(Table 1).

Comparison between participants with and without
meaningful SUV uptake

In participants, '®*F-FDG PET/CT scans were performed for the
diagnosis or staging work up of malignant diseases. Fifty-eight
(92.1%) of them were diagnosed as having malignant diseases,
most commonly lung cancer.

The SUVma was 1.5 or higher in nine (14.3%) participants out
of 63 participants. The median age of this group was higher than
that of the group without increased FDG uptake (72 vs 63.5 yr,
P =0.03). Body mass index and the presence of a BCG scar were
not different between the two groups. In addition, the positive
rates of TST and QFT-GIT were not different. However, the ex-
tent of the radiographic lesions suggesting old healed TB was
larger in the participants with increased SUVwmax compared with

those with lower SUVia (8.33 vs 2.78 cm? P = 0.01) (Table 1).

Characteristics associated with higher SUV in old healed
TB

In the final model of multiple logistic regression, age, history of
previous TB, extent of radiographic lesions, smoking history,
TST result, and QFT-GIT result were included. Among them,
age (adjusted odds ratio [aOR], 1.23; 95% confidence interval
[CI], 1.03-1.46), history of previous TB (aOR, 60.43; 95% CI, 1.71-
2131.65), and extent of the lesions (aOR, 1.34; 95% CI, 1.02-1.75)
were associated with higher SUV on "*F-FDG PET/CT scans
(Table 2).

Subsequent development of active TB

In total, 54 participants were followed for at least 6 months. The
median follow-up period was 38.5 (interquartile range, 21.3-
42.5) months. During the follow-up period, no one had clinical

Table 1. Demographic, clinical, and radiographic characteristics of 63 participants with old healed TB

Characteristic Total FDG uptake > 1.5 SUViax FDG uptake < 1.5 SUVinax Pualue
(n=63) (n=9 (n=54)
Age (yr) 65 (36-88) 72 (48-79) 63 5 (36-88) 0.03
Male 43 (68.3) 8 (88.9) 35 (64.8) 0.25
Body mass index (kg/m? 22.2 (17.6-28.3) 24.0 (17.6-25.8) 22 1(17.8-28.3) 0.24
Presence of BCG scar 22* (38.6) 1(12.5) 21 (42.9) 0.13
History of TB treatment 30 (47.6) 7(77.8) 23 (42.6) 0.07
Ex or current smoker 38 (60.3) 8 (88.9) 30 (55.6) 0.08
Comorbidities
Diabetes 5(7.9) 0 5(9.3) 1.00
Chronic liver disease 3(4.8) 0 3(5.6) 1.00
Chronic renal failure 0 0 0
Malignancy 58 (92.1) 9 (100) 49 (90.7) 1.00
Positive TST (> 10 mm) 38 (66.7) 5 (62.5) 33(67.3) 1.00
Diameter of induration (mm) 12 0 (0-24) 13.0 (0-24) 11 0(0-18) 0.50
Positive IGRA 49 (77.8) 8 (88.9) 41 (75.9) 0.67
Titer of TB antigen-nil (IU/mL) 1.12 (0.06-10.0) 1.1(0.32-7.8) 1.14 (0.06-10.0) 0.73
Chest CT findings
Extent (cm?) 3.52 (0.12-32.86) 8.33 (2.90-32.86) 2.78 (0.12-21.93) 0.01
Fibrotic scar 54 (85.7) 8 (88.9) 46 (85.2) 1.00
Calcified nodule 44 (69.8) 8 (88.9) 36 (66.7) 0.26
Non-calcified nodule 22 (34.9) 3(33.3) 19 (35.2) 1.00
Fibrotic scar with volume loss 5(7.9) 2(22.2) ( 6) 0.15
Nodules with volume loss 1(1.6) 1(11.1) 0.14
Upper lobe bronchiectasis 2(19.0) 3(33.3) 9 (16.7) 0.35
Pleural thickening & calcification 51 (81.0) 8(88.9) 43 (79.6) 1.00

Results are presented as number (percentage) or median (range). *The presence of BCG scar could be evaluated in 58 patients; 'The result of the TST could be assessed in 57

patients.

Table 2. Predictors of increased FDG uptake among patients with radiographic lesions suggesting old healed TB

Factor Unadjusted OR (95% Cl) Pvalue Adjusted OR (95% Cl) Pvalue
Age* 1.07 (0.99-1.16) 0.74 1.23 (1.03-1.46) 0.02
History of TB treatment 4.72 (0.90-24.85) 0.07 60.43 (1.71-2131.65) 0.02
Extent of lesions on CT 1.18 (1.04-1.33) 0.01 1.34 (1.02-1.75) 0.03
Presence of smoking history 6.40 (0.75-54.78) 0.09 2.09 (0.15-29.12) 0.59
Positive TST 0.81(0.17-3.81) 0.79 3.35(0.24-47.82) 0.37
Positive IGRA 2.54 (0.29-22.23) 0.40 1.21 (0.06-23.41) 0.90
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Fig. 1. Chest computed tomography (CT) and "®F-fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT findings of two participants with old healed tuberculosis (TB),
showing increased FDG uptake. (A, B) Fibrotic scar and calcified nodules suggesting old healed TB in the right upper lobe was observed on the chest CT of a 76-yr-old man
without a history of TB. The SUVra Of the lesions was measured as 4.0 by '®F-FDG PET/CT. Both the TST and IGRA were negative. (C, D) Fibrotic scar and nodules in the right
upper lobe were observed on the chest CT of a 71-yr-old man. He had been treated for pulmonary TB 25 yr earlier. The SUVmax Of the lesions was measured as 2.2 by "®F-FDG

PET/CT. Both the TST and IGRA were positive.

or radiological evidence of the development of active TB.
DISCUSSION

In this study, we demonstrated increased FDG uptake in radio-
graphic lesions suggesting old healed TB in a subset of patients.
Increased FDG uptake was more frequent among older patients,
in patients with a history of treatment for TB, or in patients with
more extensive radiographic lesions.

Latent TB infection is not simply a state of bacterial stasis, but
rather a state of dynamic bacterial and immunological equilib-
rium (24). It has been observed in mouse models that a sub-
population of bacteria continues to replicate, although the size
of the bacterial population remains stable (25). In addition, a
recent study using a non-human primate model showed that

http://dx.doi.org/10.3346/jkms.2014.29.3.386

Mycobacterium tuberculosis accumulated mutations during la-
tency (26). Given that at least a subset of old healed TB includes
M. tuberculosis in dormancy, the increased FDG uptake in old
healed TB in our study may represent active immunological
and metabolic processes.

In the present study, age, history of previous TB, and the ex-
tent of lesions were associated with higher SUV on "*F-FDG PET/
CT scans. The incidence of TB is higher in the older population
than in the younger population partly because of the reactiva-
tion of dormant M. tuberculosis (27) due to age-related waning
of anti-mycobacterial host immunity (28). In addition, the inci-
dence of TB among patients with a history of past TB treatment
is higher compared with those without a history of TB (29-31).
Furthermore, the higher incidence of active TB among patients
with a larger extent of old healed TB lesions has been reported
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previously (32). Given that the factors associated with increased
FDG uptake are known risk factors for TB development, the
possibility exists that participants with old healed TB lesions
with higher SUV on "F-FDG PET/CT scans might be at higher
risk for active TB. Long-term close monitoring for clinical or ra-
diological evidence of the development of active TB among
participants would reveal the clinical meaning of the increased
FDG uptake on radiographic lesions suggesting old healed TB.

Interestingly, there was no correlation between increased
FDG uptake and positive TST or IGRA results in our study. This
observation can be explained by the limited predictive value of
TST and IGRA for the progression to active TB (33, 34) when in-
creased FDG uptake in old healed TB could represent the risk
for subsequent TB development. Otherwise, the role of increas-
ed FDG uptake, TST, and IGRA in predicting active TB may be
complementary.

In conclusion, some of the lesions suggesting old healed TB
showed increased FDG uptake on "*F-FDG PET scans. FDG up-
take within lesions suggesting old healed TB may imply the pres-
ence of active metabolic activity in the lesions. The possibility
that '®F-FDG PET/CT imaging of old healed TB lesions could be
exploited as a biomarker for the development of active TB should
be tested in a future study.

DISCLOSURE
The authors have no conflicts of interest to disclose.
ORCID

Yun-Jeong Jeong http://orcid.org/0000-0001-9144-7403
Jin Chul Paeng http://orcid.org/0000-0002-7464-9342
Hyun-Yeol Nam http://orcid.org/0000-0003-2995-1961
JiSun Lee http://orcid.org/0000-0002-3465-0381
Sang-Min Lee http://orcid.org/0000-0002-1388-9318
Jae-JoonYim http://orcid.org/0000-0002-9605-0074

REFERENCES

—

. Kumar V, Abbas AK, Fausto N, Mitchell R. Robbins basic pathology. 8th

ed. Philadelphia: Saunders Elsevier, 2007, p516-22.

2. Horsburgh CR Jr. Priorities for the treatment of latent tuberculosis infec-
tion in the United States. N Engl ] Med 2004; 350: 2060-7.

3. Knight SB, Delbeke D, Stewart JR, Sandler MP. Evaluation of pulmonary
lesions with FDG-PET: comparison of findings in patients with and with-
out a history of prior malignancy. Chest 1996; 109: 982-8.

4. Dewan NA, Gupta NC, Redepenning LS, Phalen J], Frick MP. Diagnos-
tic efficacy of PET-FDG imaging in solitary pulmonary nodules: poten-
tial role in evaluation and management. Chest 1993; 104: 997-1002.

5.Basu S, Saboury B, Werner T, Alavi A. Clinical utility of FDG-PET and

PET/CT in non-malignant thoracic disorders. Mol Imaging Biol 2011;

13:1051-60.

390 http://jkms.org

1

1

1

1

1

1

1

1

1

1

2

2

2

6. Ichiya Y, Kuwabara Y, Sasaki M, Yoshida T, Akashi Y, Murayama S, Na-
kamura K, Fukumura T, Masuda K. FDG-PET in infectious lesions: the
detection and assessment of lesion activity. Ann Nucl Med 1996; 10: 185-
91.

. Shim SS, Lee KS, Kim BT, Choi JY, Chung M], Lee EJ. Focal parenchymal
lung lesions showing a potential of false-positive and false-negative in-
terpretations on integrated PET/CT. AJR Am ] Roentgenol 2006; 186: 639-
48.

8. Kubota R, Yamada S, Kubota K, Ishiwata K, Tamahashi N, Ido T. Intra-

tumoral distribution of fluorine-18-fluorodeoxyglucose in vivo: high ac-

N

cumulation in macrophages and granulation tissues studied by micro-
autoradiography. ] Nucl Med 1992; 33: 1972-80.

. Jones HA, Clark RJ], Rhodes CG, Schofield JB, Krausz T, Haslett C. In
vivo measurement of neutrophil activity in experimental lung inflam-
mation. Am ] Respir Crit Care Med 1994; 149: 1635-9.

0. Brudin LH, Valind SO, Rhodes CG, Pantin CF, Sweatman M, Jones T,
Hughes JM. Fluorine-18 deoxyglucose uptake in sarcoidosis measured
with positron emission tomography. Eur ] Nucl Med 1994; 21: 297-305.

1. Yang CM, Hsu CH, Lee CM, Wang FC. Intense uptake of [F-18]-fluoro-2
deoxy-D-glucose in active pulmonary tuberculosis. Ann Nucl Med 2003;
17:407-10.

2. Bakheet SM, Powe J, Ezzat A, Rostom A. F-18-FDG uptake in tuberculo-
sis. Clin Nucl Med 1998; 23: 739-42.

3. Yen RE Chen ML, Liu FY, Ko SC, Chang YL, Chieng PU, Su CT. False-pos-
itive 2- [F-18]-fluoro-2-deoxy-D-glucose positron emission tomography

©

studies for evaluation of focal pulmonary abnormalities. ] Formos Med
Assoc 1998; 97: 642-5.

4. Knopp MV, Bischoft HG. Evaluation of pulmonary lesions with positron
emission tomography. Radiologe 1994; 34: 588-91.

5. Goo JM, Im JG, Do KH, Yeo JS, Seo JB, Kim HY, Chung JK. Pulmonary
tuberculoma evaluated by means of FDG PET: findings in 10 cases. Ra-
diology 2000; 216: 117-21.

6. KimIJ, Lee JS, Kim SJ, Kim YK, Jeong YJ, Jun S, Nam HY, Kim JS. Double-
phase 18F-FDG PET-CT for determination of pulmonary tuberculoma
activity. Eur ] Nucl Med Mol Imaging 2008; 35: 808-14.

7. Hahm CR, Park HY, Jeon K, Um SW, Suh GY, Chung MP, Kim H, Kwon
0], Koh WJ. Solitary pulmonary nodules caused by Mycobacterium tu-
berculosis and Mycobacterium avium complex. Lung 2010; 188: 25-31.

(e}

. Park IN, Ryu JS, Shim TS. Evaluation of therapeutic response of tubercu-
loma using F-18 FDG positron emission tomography. Clin Nucl Med 2008;
33:1-3.

9. Martinez V, Castilla-Lievre MA, Guillet-Caruba C, Grenier G, Fior R, De-
sarnaud S, Doucet-Populaire E Boué E (18)F-FDG PET/CT in tubercu-
losis: an early non-invasive marker of therapeutic response. Int ] Tuberc
Lung Dis 2012; 16: 1180-5.

0. Martinez VN, Komatsu NK, De Figueredo SM, Waldman EA. Equity in
health: tuberculosis in the Bolivian immigrant community of Sao Paulo,
Brazil. Trop Med Int Health 2012; 17: 1417-24.

1. Linh NN, Marks GB, Crawford AB. Radiographic predictors of subse-

quent reactivation of tuberculosis. Int ] Tuberc Lung Dis 2007; 11: 1136-

42.

. Targeted tuberculin testing and treatment of latent tuberculosis infec-

\S)

tion: this official statement of the American Thoracic Society was ad-
opted by the ATS Board of Directors, July 1999: this is a Joint Statement
of the American Thoracic Society (ATS) and the Centers for Disease

http://dx.doi.org/10.3346/jkms.2014.29.3.386



Jeong Y-J, et al. = PET/CT Findings of Old Healed Tuberculosis

JKMS

Control and Prevention (CDC): this statement was endorsed by the
Council of the Infectious Diseases Society of America (IDSA), Septem-
ber 1999, and the sections of this statement. Am J Respir Crit Care Med
2000; 161: S221-47.

23. Yu CH, Wang T, Sun YE, Yao SL, Tian JH, Yin DY. Fluorine-18 fluorode-
oxyglucose uptake in patients with benign pulmonary nodules. Zhong-
hua Wai Ke Za Zhi 2006; 44: 90-2.

24. Ernst JD. The immunological life cycle of tuberculosis. Nat Rev Immunol
2012; 12: 581-91.

25. Gill WP, Harik NS, Whiddon MR, Liao RP, Mittler JE, Sherman DR. A re-
plication clock for Mycobacterium tuberculosis. Nat Med 2009; 15: 211-4.

26. Ford CB, Lin PL, Chase MR, Shah RR, Iartchouk O, Galagan J, Mohai-
deen N, Ioerger TR, Sacchettini JC, Lipsitch M, et al. Use of whole geno-
me sequencing to estimate the mutation rate of Mycobacterium tubercu-
losis during latent infection. Nat Genet 2011; 43: 482-6.

27. Horsburgh CR Jr, O'Donnell M, Chamblee S, Moreland JL, Johnson J,
Marsh BJ, Narita M, Johnson LS, von Reyn CE Revisiting rates of reacti-
vation tuberculosis: a population-based approach. Am J Respir Crit Care
Med 2010; 182: 420-5.

28. Stead WW, Lofgren JP. Does the risk of tuberculosis increase in old age? |
Infect Dis 1983; 147: 951-5.

29. Fox W, Ellard GA, Mitchison DA. Studies on the treatment of tuberculo-

http://dx.doi.org/10.3346/jkms.2014.29.3.386

30.

31.

32.

33.

34

sis undertaken by the British Medical Research Council tuberculosis units,
1946-1986, with relevant subsequent publications. Int ] Tuberc Lung Dis
1999; 3: §231-79.

Cao JP, Zhang LY, Zhu JQ, Chin DP. Two-year follow-up of directly-ob-
served intermittent regimens for smear-positive pulmonary tuberculosis
in China. Int ] Tuberc Lung Dis 1998; 2: 360-4.

Thomas A, Gopi PG, Santha T, Chandrasekaran V, Subramani R, Selva-
kumar N, Eusuff SI, Sadacharam K, Narayanan PR. Predictors of relapse
among pulmonary tuberculosis patients treated in a DOTS programme
in South India. Int ] Tuberc Lung Dis 2005; 9: 556-61.

Efficacy of various durations of isoniazid preventive therapy for tuber-
culosis: five years of follow-up in the IUAT trial: International Union
Against Tuberculosis Committee on Prophylaxis. Bull World Health
Organ 1982; 60: 555-64.

Diel R, Loddenkemper R, Meywald-Walter K, Niemann S, Nienhaus A.
Predictive value of a whole blood IFN-gamma assay for the development
of active tuberculosis disease after recent infection with Mycobacterium
tuberculosis. Am J Respir Crit Care Med 2008; 177: 1164-70.

. Diel R, Loddenkemper R, Nienhaus A. Predictive value of interferon-y

release assays and tuberculin skin testing for progression from latent TB
infection to disease state: a meta-analysis. Chest 2012; 142: 63-75.

http://jkms.org 391



