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State of persistent bacterial viability, immune control,
and no evidence of clinically manifested active

tuberculosis

SR % Lt A2t 80| L=l 29w 0] CHAIIFE S
Ao BFAL 02 =2 SAHoIH H§SJEZE =8

Getahun H, et al. N Engl J Med 2015;372(22);2127-35.
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> AEN ME L BEZAMZTH survey (131 surveys, 1950~2011)
> A AME WHO EEYd 29 8 E data (1990~2014)

Table 1. Proportion of population with latent TB infection.

WHO region AllLTBI
Prevalence (%) Proportion of infections in children <15y (%)

AFR 22.4[20.6-24.6] 13.3[11.8-14.6]

AMR 11.0[7.0-20.0] 2.3[1.3-3.7]

SEA 30.8 [28.3-34.8] 7.4[6.3-8.2]

EMR 16.3[13.4-20.5] 7.9[6.0-9.4]

WPR 27.9[19.3-40.1] 2.4[1.7-3.5]

EUR 13.7 [9.8-19.8] 2.0[1.3-2.7]

GLOBAL 23.0[20.4-26.4] 5.9[5.1-6.7]

Houben RM, et al. PLoS Med 2016;13(10)::e1002152.
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Table 3 Comparison of TST reactivity with presence of
BCG scar in healthy young soldiers

BCGscar(—) BCGscar (+)

(n = 144) (n = 607)
L 1975 n (%) n (%) P value
! /7 -‘-— 1980 Age, years, mean = SD  19.7 £ 0.6 20.1£1.0 <0.001
' " 1985 TST (mm), mean % SD 403 53 56558 0.001
- /l _,"'." Cut-off =210 mm 27 (18.8) 173 (28.5) 0.017
Y | o e 190 Cut-off =15 mm 6(4.2) 50 (8.2) NS
3 '.':j’:}" F ——— YO TST = tuberculin skin test; BCG = bacille Calmette-Guérin; (+) = positive;
m 7 (=) = negative; SD = standard deviation; NS = non-significant.
{ 1 ' 1 L
Age
20-24M>

19854 : 74.5%
1995 : 59.3%

Choi CM, et al. Int J Tuberc Lung Dis 2006;10(12):1342-6.
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> 0O|=, 2011-2012 National Health and Nutrition Examination
Survey, 12002H0] &

> 25-74M| CH & Ate| & =42 XHE (TST)

60

W 1971-1972
— 50+ [ 1999-2000
BE
< M@ 2011-2012
2
£ 40+
@ 0)
S
2 30
@
0
=
F ‘(
©
§ 20 l
2 O 0]
4.4% 1.7%
% 10
T
0 -
Overall US-born Foreign-born

Mancuso JD, et al. Am J Respir Crit Care Med 2016;194(4):501-5009.



Primary or
secondary infection
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¢ Intracellular growth
* Modulation of PAMPs
to limit inflammation?

Inflammatory —
damage

Host conditioning
of bacteria for
transmission?

* Equilibrium state

—
o o] =X 0| & ALEY
= — o= dC T So
Innate immune phase
.. Delayed onset of CD4*
*..and CD8* T cell responses
“\\ Equilibrium between effector
*,and regulatory T cells
<
Immunological Latenc
equilibrium Yy

* Dormancy?
* Low O, levels?

|

High-level transmitter

(cavitary TB;

high bacterial burden)
A '

.

e
~aa

Y
Low-level transmitter A
(non-cavitary TB;
low burden of
lung bacteria)

Pathogen-driven
resuscitation or

reactivation? §

Bacterial, host,
. environmental factors

——

Contributing mechanisms

* CD4* T cell defect (HIV-positive
individuals)

* TNF blockade, glucocorticoids

¢ T cell exhaustion?

* Imbalance between effector
and regulatory T cells?

* Altered antigen expression?

* Altered cell trafficking?

to dormancy

Spontaneous immunological
control versus bacterial switch

Inactive TB

Ernst JD. Nat Rev Immunol 2014;12(8):581-91.
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Table 1. Annual Risk of Reactivation Tuberculosis.*
Size of Induration on Tuberculin Skin Test Age
0-5Yr 6-15Yr 16-35Yr 36-55Yr =56Yr
percent (95 percent confidence interval)
Persons with nonconversion positive result
5-9 mm 0.06 0.04 0.12 0.07 0.07
(0.03-0.11)  (0.03-0.06)  (0.05-0.32)  (0.03-0.19)  (0.03-0.16)
10-14 mm 0.19 0.08 0.15 0.10 0.10
(0.12-0.28) (0.06-0.11) (0.08-0.29) (0.05-0.19) (0.06-0.17)
=15 mm 0.24 0.14 0.19 0.12 0.12
(0.19-0.30)  (0.12-0.17)  (0.10-0.34)  (0.07-0.21)  (0.08-0.20)
Persons with recent conversion or contacts
of patients with active tuberculosis
5-9 mm 0.29 0.06 0.30 0.23 0.12
(0.08-0.74)  (0.02-0.18)  (0.18-0.50)  (0.10-0.44)  (0.02-0.44)
10-14 mm 0.37 0.12 0.37 0.28 0.15
(0.16-0.71)  (0.05-0.25)  (0.26-0.53)  (0.17-0.45)  (0.04-0.39)
=15 mm 0.54 0.12 0.56 0.42 0.17
(0.27-0.95)  (0.07-0.23)  (0.41-0.76)  (0.28-0.62)  (0.05-0.42)

Horsburgh CR Jr. N Engl J Med 2004,;350(20):2060-7.
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Table 1. Incidence of Active Tuberculosis and Prevalence of Latent Tuberculosis Infection in Selected High-Risk Groups, According to
Published Studies.*

Incidence of Active

High-Risk Grou Tuberculosis Prevalence of Latent Tuberculosis Infection
g P |

QuantiFERON-TB Tuberculin

Persons with HIV infection
Adult contacts of persons with tuberculosis

Patients receiving tumor necrosis factor
blockers

Patients undergoing hemodialysis

median rate

per 1000 population (range)

16.2 (12.4-28.0)
0.6%
1.45%§

26.6 (1.3-52.0)

Gold In-Tube

14.5 (2.7-21.5)
21.1 (6.6-55.1)
11.8 (4.0-22.3)

33.4 (17.4-44.2)

T-SPOT.TB

median percentage (range)

11.3 (4.3-67.6)
48.0 (29.6-59.6)
20.0 (12.9-25.0)

43.6 (23.3-58.2)

Skin Test

19.2 (2.1-54.8)
26.3 (1.8-82.7)
18.6 (11.3-68.2)

21.9 (2.6-42.1)

Patients undergoing organ transplantation 5.1% 21.9 (16.4-23.5) 29.5 (20.5-38.5) 7.7 (4.4-21.9)
Patients with silicosis 32.1% 46.61 61.0% —
Prisoners 2.6 (0.03-5.8) — — 45.5 (23.1-87.6)
Health care workers 1.3 (0.4-4.1) 14.1 (0.9-76.7) 5.2 (3.5-28.7) 29.5 (1.4-97.6)
Immigrants from countries with a high 3.6 (1.3-41.2) 30.2 (9.8-53.8) 17.0 (9.0-24.9) 39.7 (17.8-55.4)
tuberculosis burden

Homeless persons 2.2 (0.1-4.3) 53.8 (18.6-75.9) — 45.6 (20.5-79.8)
lllicit-drug users 6.0 63.0 (1.4-66.4) 45.8 (34.1-57.5) 85.0 (0.3-86.7)

Elderly persons

16.3%

31.7%

Getahun H, et al. N Engl J Med 2015;372(22);2127-35.
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> Tuberculin skin test (TST)
» Interferon-gamma release assay (IGRA)

Measurement of induration
and erythema

O _.-"JA"\\
Presentatmq of TNFa <= —">IL8
mycobacterial B ! J |_( -

antigens '
%kin test a”® .ﬁ-‘ W
e L*]

O == TB SKIN TE BLOOD
. TEST TEST
. Memory In vitro IFJ[\I*,'
Antigen T cell ™ blood LI
presenting R TNFa<T = [~ >IL8, etc
cell | i L‘
[ | 2 a8 9
SN M tof IFM
easuremeant o -y
CFP-10 production

Pai M, et al. Lancet Infect Dis 2004,;4(12):761-76.



Tuberculin skin test (TST)

o+ 2t (PPD, purified protein derivates)

o
2 HjQoHo| CH R AMO 2 HZ

(tuberculin unit) PPD RT-23
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Antigen is introduced into A Ty1 effector cell Recruitment of T cells,
subcutaneous tissue and recognizes antigen and phagocytes, fluid, and
processed by local releases cytokines which act protein to site of antigen
antigen-presenting cells on vascular endothelium injection causes visible lesion
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« Bacille Calmette-Guérin (BCG) St Al

Table 7 Modification of effect of BCG vaccination on TST by age of BCG vaccination, interval between BCG and TST,
as well as type of TST

BCG in infancy BCG older (after age of 1 year)

Positive TST n positive
n subjects Criteria n subjects Criteria
Comparison (n studies) mm n (%) (n studies) mm n (%)
Qverall effect from all studies 240203 (24) 10+ 20406 (8.5) 12728(12) 10+ 5314 (41.8)
By interval
=10 years 234464 (16) 10 4930 (8.7) 3128(7) 10 5123(43.3)
=10 years 5739 (8) 10 56 (1.0) 898 (5) 10 191(21.2)
By TST size 71289(13) 10-14 3297 (4.6) 3660 (8) 10-14 725(19.8)
15+ 1340(1.9) 15+ 708 (19.4)
By interval and TST size
=10 years 170401* (9) 10-14 13854 (8.1) 3128* (6) 10-14 649 (20.7)
15+ 6346 (3.7) 15+ 665 (21.3)
=10 years 5271(5) 10-14 73(1.4) 532 (2) 10-14 59(11.1)
15+ 0(0) 15+ 43 (8.1)
By type of TST
5TU PPDS 170401 (13) 10+ 15878(9.3) 11913 (10) 10+ 4622 (39.0)*
1TU RT23 39791 (6) 10+ 2701 (6.8) — — —
2TU RT23 30011 (5) 10+ 2056 (6.9) 815 (2) 10+ 597 (73.3)*

* Of the 10 studies using 5TU PPDS to test subjects vaccinated at an older age, 5 involved average intervals of =10 years between vaccination and TST. On the
other hand, both studies using 2TU RT23 involved shorter intervals of 5 or 8 years.

BCG = bacille Calmette-Guérin; TST = tuberculin skin test.

Farhat M, et al. Int J Tuberc Lung Dis 2006;10(11):1192-204.
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BCG B M TST

. G, 42250 20t WERH(FY AT 6074 2)
Al &

HS AL 300 (71%), A1 MOF A7 S

BCG-unvacinated children BCG-vaccinated children

10 mm (with 95% Cls)

10 mm (with 95% Cls)

Age (years) Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV
All children  97.2 91.9 83.3 98.8 94.4 73.7 53.1 97.7

(85.5 t0 99.9) (84.0 to 96.7) (68.6 to 93.0) (93.2 to 100)  (86.4 to 98.5) (67.5 to 79.3) (44.1 to 62.0) (94.2 to 99.4)
0to <2 100 94.7 50.0 100 85.7 68.4 25.0 97.5

(2.5 to 100) (74.0 to 99.9) (1.3 to 98.7) (81.5t0 100)  (42.1 10 99.6)  (54.8 to 80.1) (9.8 to 46.7) (86.8 t0 99.9)
21t0<5 85.7 96.0 85.7 96.0 70.0 76.4 35.0 933

(42.1 to 99.6) (79.7 to 99.9) (42.1 to 99.6) (79.71099.9) (3481t093.3)  (63.0 to 86.8) (15.4 to 59.2) (81.7 to 98.6)
5to <10 100 88.9 824 100 100 74.7 63.5 100

(76.8 to 100) (70.8 to 97.7) (56.6 to 96.2) (85.8 to 100)  (89.4 to 100) (63.3 to 84.0) (49.0 to 76.4) (93.6 to 100)
10 to <15 100 86.7 875 100 100 75.6 68.8 100

(76.8 to 100) (59.5 to 98.3) (61.7 to 98.5) (75.3 t0 100)  (84.6 to 100) (59.7 to 87.6) (50.0 to 83.9) (88.8100)

Seddon JA, et al. Thorax 2016:;71:932-939.
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Interferon-y release assay (IGRA)

 QuantiFERON ® -TB Gold In-Tube (QFT-GIT)
« T.SPOT®.TB test (T-Spot)

ESAT-6
CFP-10 Mitogen Nil
B 7.7 control control
(a) .

<

x
o
< (=

(d) (e) (f)

Kunst H. Respir Med 2006;100(12):2098-106.



Interferon-y release assay (IGRA)

« T.SPOT®.TB test (T-Spot)

(a) (b)

(c) (d) (e)

Kunst H. Respir Med 2006;100(12):2098-106.



QuantiFERON®-TB GOLD Plus

CD8+ T cell?| HIE 2 F7IH o2 HIL

— CD8+ T cell2 CD4+ T cell 80| IFN-y &

T

| 7ts

— CD8+ T cell@| Ht-Z 0| bacterial load2f &zt

— CD8+ T cell?] HIZ2 X|& 243 20| 44

Mitogen — Positive Control.
Confirms baseline immune status

Nil — Negative Control.
Adijusts for background IFN-y

TB1 — Primarily detects CD4* Tcell
response  (lJong chain of ESAT6, CFP10)

TB2 — Optimized for detection of
CD4* and CD8* Tcell responses

(short chain of ESAT6, CFP10)

APC

@
MHC | (io 5\:% MHC Il

<4

TB-specific antigens

& long TB paptide
A Short TB peplide

!

Patient Tcells in whole blood

l

IFN-y release for laboratory quantification



IGRAS| RHA

TST#

QuantiFERON®-TB Gold?®

A

A
A\ J

Presentation of
mycobacterial
antigens

Anfigen Presenting
Cell

General response to tuberculin PPD mix

Tests for effector memory T-cell response to
TB using specific proteins only found in TB

Cross reactivity

high inter/intra-observer variability

with BCG Possible/likely No

E‘r::hssn?: gviry Possible/likely No*

Conrolledfest | Mo kil
Objectivity Measures skin induration, highly subjective, Quantitative detection of IFN-y

*Except M. kansasii, M. marinum, M. szulgai. BCG: Bacillus Calmette-Guérin; PPD: purified protein derivative; TB: M. fuberculosis.
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Table 1. Summary of Pooled Test Characteristics (Key Question 2) for Various Thresholds of Tuberculin Skin Test and Interferon-Gamma Release
Assays Among Patients With Bacteriologically Confirmed Tuberculosis (Sensitivity) and Healthy Participants Without Tuberculosis Risks
or Exposures (Specificity)

Sensitivity Specificity
MNo. of Participants, Pooled Estimate (95% No. of Participants, Pooled Estimate (95%
Test Studies No. Cl) P % Studies No. iy 2 %
TST induration
threshold, mm
5 8 803 0.79 (0.69-0.89) 94.6 4 4740 0.30 (0.19-0.44)
284855 0.95 (0.94-0.96)
NA
175078 0.94 (0.92-0.95)
55177 0.97 (0.95-0.98)
10 11 938 0.79 (0.71-0.87) 91.4 gt 9651 0.97 (0.96-0.99) 94.3
15 7 740 0.52 (0.35-0.68) 95.5 12 9640 0.99 (0.98-0.99) 91.7
IGRA
T-SPOT.TB 16°© 934 0.90 (0.87-0.93) 63.6 5 1810 0.95 (0.92-0.98) 79.1
QuantiFERON TB Gold 17 1073 0.77 (0.74-0.81) 55.3 4 699 0.98 (0.90-1.0)" NAY
QuantiFERON TB Gold 24 2321 0.80 (0.77-0.84) 74.3 4 2053 0.97 (0.94-0.99) 93.4
In-Tube

Kahwati LC, et al. JAMA 2016;316(9):970-983.



Sensitivity Specificity

QFT-GIT
Blood 80% 79%
Extrasanguinous fluids 48% 82%
T-SPOT.TB
Blood 81% 59%
Extrasanguinous fluids 88% 82%

Sester M, et al. Eur Respir J 2011;37:100-111.
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Positive Negative
predictive predictive
value value
TST
All population, % 1.5(1.2-1.7) 99.4 (99.2-99.5)
High risk group only, % 2.4 (1.9-2.9) -
IGRA
All population, % 2.7(2-3-3.2) 99.7 (99.5-99.8)

High risk group only, % 6.8 (5.6-8.3) -

Diel R, et al. Chest 2012;142(1):63-75.
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MEXH (QFT 38953

Table 4. Diagnostic Performance of the QFT Test and the TSPOT Test for Active

Tuberculosis in Contacts

Value
QFT
Sensitivity, % 85.0
Specificity, % 74.0
Positive likelihood ratio 3.3
Negative likelihood ratio 0.2
Positive predictive value, % 1.9
Negative predictive value, % 99.9
TSPOT
Sensitivity, % 50.0
Specificity, % 73.6
Positive likelihood ratio 1.9
Negative likelihood ratio 0.7
Positive predictive value, % 0.7
Negative predictive value, % 90.7

95% CI

62.1-96.6

72.5-75.5
2.7-4.0
0.1-0.6
1.1-3.0

99.7-100.0

8.3-91.7
70.8-76.2
0.7-56.1
0.3-1.8
0.1-2.6
99.1-99.9

v" Number needed to treat to prevent one case of incident tuberculosis
with chemotherapy among IGRA-positive close contacts
» 37 with the T-SPOT.TB test / 38 with QFT-GIT test

Zellweger JP, et al. Am J Respir Crit Care Med 2015;191(10):1176-84.
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— Serial testing
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Study investigation

_________________________________________

|
| !
| ; '
| QFT-GiT-negaive Follow-up QFT-GIT |
[ "1 (2, 4,8, 14, 18 and 30 weeks |
|
| |
|| ChestLDCT | | Normal '
. . Normal |
E;'A%%r:(oséz gf » CXR - QErTQﬁIT | N%Z;Zﬁitvl;)DCT Positive conversion |
: Sputum AFB sputum exam :
| b 4 |
: - Tlr_'ieF?tfmegt as L'rI]'BI :
¥ t
[ QFT-GIT-positive ( or 3 months) :
Active lesion : |
Active lesion
Sputum AFB-positive
v v

Evaluation and management

Ik

» 3298 &, 582 gad HZ9, 2732 YKt

Lee SW, et al. Eur Respir J 2011;37:1447-1452.



Initial QFT-GIT
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Lee SW, et al. Eur Respir J 2011;37:1447-1452.



IGRAOM|A indeterminate®2| 2| 0]
QFT 2r&A A0|A] 0.1~11%

Technical errors (A X[, dX|/2& =% Ol=x 5)
Low mitogen response (Immunosuppresion?| 7t&-d)

High background IFN-y response

TABLE 2. Interpretation criteria for the QuantiFERON-TB Gold
In-Tube Test (QFT-GIT)

Mitogen
Interpretation Nil* TB Responset Response$
Positivel <8.0  >0.35 IU/ml and >25% of Nil Any
Negative™™ <8.0 <0.35I1U/ml or <25% of Nil >0.5
Indeterminate™™ <8.0  <0.35 IU/ml or <25% of Nil <0.5

>8.0 Any Any
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— IGRA sensitivity 74% (63% in HIV vs. 84% in non-HIV)

Multivariate Analysis, n=100

Odds Ratio [95%CI] [
CD4"=200 cells/ul  4.68 [1.74,12.60] 0.002
Smear grade 1.12 [0.65,1.94] 0.691
Male sex 1.10 [0.29,3.07] 0.861
BMI<<18.5 1.59 [0.58,4.38] 0.368
First TB episode 1.22 [0.33,4.46] 0.762
TB treated<<2 weeks 1.71 [0.48,6.18] 0.408
Age>=31 years 1.13 [0.41,3.10] 0.810
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Raby E, et al. PLoS One 2008;3(6)e2489.
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« HEtEA, XA7FHAE 2 26X9| =29 screening
1771 S+, 319738
- HAAHN K FOHXO|A H|FO{AIQL H| A
> IGRA &g, OR 0.66 (95% Cl 0.53-0.83)
« Streoid £, OR 0.75 (95% Cl 0.56-0.99)

 Anti-tumor necrosis factor £0 T, OR 0.50 (95% Cl 0.29-0.88)
> TST &, OR 0.51 (95% Cl 0.42-0.61)

Without a diagnostic “gold standard” for LTBI,
the accuracies of both the QFT-GIT/T-Spot and the TST

are uncertain in immunocompromised prersons.
(CDC MMWR 2010)

Wong SH, et al. Thorax 216;71:64-72.
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- lower production of IFN-y in
response to mycobacterial
antigens and mitogen
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200 M 2] IRGA

 higher proportion of
indeterminate IGRA in age<5yrs

IFN-gamma (IU/ml)
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Table 2 Results of whole blood IFN-y assay by diagnostic group

[ | & TST pos/QFG neg
- | & TST pos/QFG pos o
= TB disease
" | © Uninfected
|| ® Failed A
iy
I =]
iy
u a oo .
. A ° 8 ) R o
B o © A
a oo
— a " a C‘O A
% N .
L oAb & A o o A
A Ly o, 0% O ﬂ*’i"
4 8 12 16
Age (years)

20

Whole blood IFN-y assay result

Diagnosis (based

on TST) Negative Positive Failed Total
Uninfected 38 (76%) 0 12 (24%)* 50 (100%)
Latent TB 26 (62%) 11 (26%) 5 (12%)t 42 (100%)
TB disease 0 ? (100%)t 0 ? (100%)
Total 64 20 17 101

Connell TG, et al. Thorax 2006;61(7):616-20.
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Intrinsic variability : conversion, reversion, nonspecific variation

=
=

— Ol

Interferon -y level (IU/ml)

Numbers of serial testing

Park JS, et al. CHEST 2012;142(6):1461-1468.
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« Poor reproducibility of the assay : delayed assay

« Within-subject variability in T-cell responses

« Repeated infection and true reversion

 Intermittent antigen secretion from Mycobacterium tuberculosis

Table 3 Summary of rates of conversions and reversions in serial testing studies (N=8)

Study Duration between testing TST converters, n/N (%) IGRA converters, n/N (%) IGRA reverters, n/N (%)
High TB incidence countries
Pai, 2006'° 18 months 6/147 (4.1%) 17/147 (11.6%) 7/38 (18.4%)
Joshi, 2009° 6 months - 11/57 (19%) 6/22 (27%)

6 months (6—12 months) — 11/52* (21%) 11/271 (40%)
Moderate and low TB incidence countries
Pollock, 20095 1—7 months - 2/43% (4.6%) -
Zwerling, 2009°* 1 year 0/57 (0%) 4/56 (7.14%) 4/5 (80%)
Yoshiyama, 2009°° 2 and 4 years - 5/277 (1.8%) 13/32 (41%)
Chee, 2009°' 1 year 0/18% 9/182 (4.9%) -
Lee, 200957 1 year 16/75 (21.3%) 21/146 (14.4%) -
Belknap, 2010° 6 months 4/1202 (0.3%) TSPOT 44/1117 (3.9%) TSPOT 36/68 (52.9%)

QFT-GIT 44/1169 (3.8%) QFT-GIT 20/50 (40%)

Costa, 20107 1—2.5 years 98/199 (49.2%) 51/462 (11%) 46/208 (22.1%)
Ringshausen, 20107’ 18 weeks (baseline only) 3/162 (1.9%) 6/18 (33.3%)

“Clinical significance of IGRA conversions in serial
testing remains a challenging task for clinicians”

Zwerling A, et al. Thorax 2012;67(1):62-70.
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