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DETECTION OF TUBERCULOSIS INFECTION USING A WHOLE BLOOD
INTERFERON GAMMA ASSAY IN A CONTACT INVESTIGATION
— Evaluation Using QuantiFERON®TB—2GM

'Hirofumi MIYASHITA, *Kazue HIGUCHI, 'Noriko HIGASHIYAMA, 'Satoko OKI,
Nobuyuki HARADA, ?Yukie SEKIYA, 2Shinji SHISHIDO, and *Toru MORI

Abstract [Objective] The purpose of this study was to
evaluate the usefulness of a novel method of detecting
tuberculosis infection, QuantiFERON®TB-2G (QFT), in a
large scale contact investigation when an outbreak of mass
tuberculosis infection was suspected.

[Subjects and Methods] The index case was a health-care
worker who worked in a maternity hospital. The investigated
contacts were categorized as follow according to the grade of
closeness of contact; the “very close” contact group (11 sub-
jects), the “close” contact group (33 subjects), and the “non-
close” contact group (3,791 subjects). For the former two
groups, tuberculin skin test (TST), chest X-ray examination
and QFT were conducted. For the last contact group, TST and
chest X-ray examination were conducted only to subjects who
aged less than 29 years old, while only chest X-ray examina-
tion was conducted to those aged 30 years or older. The QFT
test, i.e., a whole blood interferon-gamma assay using Myco-
bacterium tuberculosis-specific antigens, was performed to the
“very close” and “close” contacts, and for strong tuberculin
reactors among the “non-close” contacts.

[Results] The number of infected subjects in the “very
close” contact group, the “close” contact group, and the
“non-close” contact group were 7, 7, and 277, respectively.

based on TST results. On the other hand, the number of infect-
ed subjects in each group were 3, 2, and 5, respectively, based
on the QFT test.

[Conclusion] If the indication of chemoprophylaxis was
determined based on TST test. this case would have been
regarded a large tuberculosis outbreak. However, the use of
the QFT test greatly reduced the number of the infected
persons, so that the possibility of such massive TB outbreak
was denied. Thus, the use of QFT, with which TB infection
could be detected more accurately, seems to be very beneficial

in contact investigations.
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Fig. 1 Hypothetical distributions of tuberculin reaction (erythema size) of subjects without infection
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Fig. 2 Hypothetical distributions of tuberculin reaction (erythema size) of subjects with infection
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Table 1 Calculation procedure (1) Simulation of distribution of tuberculin
reactions at prevalence of infection of 20% (I=1,), for a population with
strong reaction both before (B=B,) and after infection (T=T,)

TST Not b TST after exposure to infection
Erythema infected?  Mnfected Non-inf.° Infected?  Total®
0-9 mm 0.05 0.004 0.04 0.0008 0.0408
10-19 0.15 0.013 0.12 0.0026 0.1226
2029 0.3 0.082 0.24 0.0164 0.2564
30-39 0.3 0.1545 0.24 0.0309 0.2709
40+ 0.2 0.7465 0.16 0.1493 0.3093
Total 1 1 0.8 0.2 1

Note: TST: tuberculin skin test.
2 Based on Fig. 1-B..
b Based on Fig. 2-T.

¢ Assuming 20% were infected due to the last exposure (I = 0.2), column a X (1 — 0.2).

d Similar as above, column b X 0.2,

¢ Composite distribution of “column ¢ + column d”.

Table 2 Calculation procedure (2) Estimation of number of QFT tested, number of indications for
chemoprophylaxis, and active tuberculosis patients developing, according to strategy. [Scenario:
prevalence of infection of 20% (I=1,), for a population with strong reaction both before (B=B,) and
after infection (T=T). ] The entries over columns f through i refer to the quantities per 1 tested subject.

Strategy Number . Num.ber Number %nfechted Number infectegl Patients occurring
QFT done INH given® INH given INH not given' (per 1,000) 4
Si: Only TST 0.0000 0.5802 0.1802 0.0198 23.0
S2: QFT to TST 30 mm+ 0.5802 0.1684 0.1604 0.0396 259
S;: QFT to TST 20 mm+ 0.8366 0.1878 0.1750 0.0250 23.8
Ss: QFT to TST 10 mm—+ 0.9592 0.1925 0.1773 0.0227 . 234
Ss: QFT to all 1.0000 0.1940 0.1780 0.0220 233

Note: TST: tuberculin skin test, QFT: QuantiFERON—TB®2nd Generation, INH: isoniazid.

£ Sum of cells of column e over corresponding TST size.

g For “Si: Only TST"sum of cells of column e of Table 1 corresponding to TST 30 mm + ; For others (S2=Ss), sum of cells of column
c of Table 1 corresponding to TST size X (1 —specificity of QFT, i.e., 0.98) plus column h.

h For “Si: Only TST" sum of cells of column d of Table 1 corresponding to TST 30 mm + ; For others (S2—Ss), sum of cells of column
d of Table 1 corresponding to TST size X sensitivity of QFT, i.e., 0.89.

i Infected (0.2)—column h.

j {column i+ column h X (1—INH-efficacy, i.e., 0.60)} X risk of development
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Table 3 Accuracy of indication for chemoprophylaxis according to strategy

Sensitivity Specificity
Strategy TST after infection TST before infection
T.: As patients  T,: Stronger B, : Stronger B:: Intermed. B:: Weak
Si: Only TST 0.511 0.901 0.500 0.700 0.850
S,: QFT to TST 30 mm+ 0.455 0.802 0.990 0.994 0.997
S3: QFT to TST 20 mm+ 0.746 0.875 0.984 0.988 0.993
S4: QFT to TST 10 mm -+ 0.871 0.886 0.981 0.983 0.987
Ss: QFT to all 0.890 0.890 0.980 0.980 0.980

Note: TST: tuberculin skin test, QFT: QuantiFERON®-TB 2nd Generation.
Strategy “S2: QFT to TST 30 mm + " means indication for chemoprophylaxis to those with tuberculin erythema size of 30 mm or

more and positive QFT.

Ty: As patients T: Tuberculin reactions after infection are similar to those of TB patients.
B:: Intermed: Tuberculin reactions before infection are of intermediate level.
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Table 4 Predictive values of indication for chemoprophylaxis according to strategy
Prevalence of infection due to recent exposure
Tﬁﬁéﬁﬁﬁﬁe 3§¥;§Sﬁ: Strategy L 10% I: 20% L: 30%
PV+ PV— PV+ PV— PV+ PV—
S, 0.1020 0.9020 0.2035 0.8035 0.3046 0.7047
T S, 0.8348 0.9423 0.9192 0.8790 0.9512 0.8090
As patlients S, 0.8382 0.9721 0.9210 0.9393 0.9523 0.9003
S, 0.8359 0.9856 0.9198 0.9682 0.9516 0.9468
B, S 0.8318 0.9877 0.9175 0.9727 0.9502 0.9541
Strong S, 0.1668 0.9785 0.3106 0.9528 0.4358 0.9218
T S, 0.8991 0.9782 0.9525 0.9524 0.9717 0.9210
Stroriger S, 0.8587 0.9861 0.9318 0.9692 0.9591 0.9483
S, 0.8383 0.9873 0.9210 0.9719 0.9524 0.9527
Ss 0.8318 0.9877 0.9175 0.9727 0.9502 0.9541
S, 0.1591 0.9280 0.2987 0.8513 0.4220 0.7696
T S, 0.8939 0.9426 0.9499 0.8794 0.9701 0.8097
As patlients S, 0.8689 0.9722 0.9372 0.9395 0.9624 0.9006
S, 0.8469 0.9857 0.9256 0.9683 0.9552 0.9468
B, S5 0.8318 0.9877 0.9175 0.9727 0.9502 0.9541
Intermediate S, 0.2502 0.9845 0.4288 0.9659 0.5628 0.9429
T S, 0.9369 0.9783 0.9709 0.9525 0.9828 0.9213
Stroéger S, 0.8861 0.9861 0.9459 0.9693 0.9677 0.9485
S, 0.8491 0.9873 0.9268 0.9719 0.9560 0.9528
S5 0.8318 0.9877 0.9175 0.9727 0.9502 0.9541
S 0.2746 0.9399 0.4599 0.8743 0.5935 0.8022
T S, 0.9440 0.9427 0.9743 0.8797 0.9848 0.8101
As patlients S; 0.9221 0.9723 0.9638 0.9399 0.9786 0.9011
S, 0.8816 0.9857 0.9437 0.9684 0.9664 0.9471
B, S 0.8318 0.9877 0.9175 0.9727 0.9502 0.9541
Weak S, 0.4003 0.9872 0.6003 0.9717 0.7202 0.9525
T S, 0.9674 0.9784 0.9853 0.9527 0.9913 0.9215
Stroriger S5 0.9328 0.9862 0.9690 0.9695 0.9817 0.9488
S, 0.8834 0.9874 0.9446 0.9720 0.9669 0.9530
S 0.8318 0.9877 0.9175 0.9727 0.9502 0.9541

Note: TST: tuberculin skin test, QFT: QuantiFERON®-TB 2nd Generation.

PV : Predictive value positive, i.e., truly infected subjects among those indicated for chemoprophylaxis.

PV —: Predictive value negative, i.e., truly non-infected subjects among those not indicated for chemoprophylaxis.

For S1, S,,..5;5 see notes to Table 1.
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Table 5 Number of those indication for chemoprophylaxis according to

strategy out of 1000 contacts examined.

TST before TST after Prevalence of infection
. . . . Strategy

mfecnon mfecnon II : 10% Iz . 20% 13 : 30%

S, 501 502 503

T S, 54 99 143

As patlients S 89 162 235

. S, 104 189 275

B, Ss 107 194 281

Strong S, 540 580 620

T S, 89 168 248

Stroriger S, 102 188 274

S, 106 192 279

S 107 194 281

S, 321 342 363

T S, 51 96 141

As patlients 5 86 159 232

S, 103 188 274

B, S 107 194 281

Intermediate S, 360 420 480

T S, 86 165 245

Stroriger S, 99 185 271

S, 104 191 278

Ss 107 194 281

S, 186 222 258

T S, 48 93 139

As patlients Ss 81 153 229

S, 99 185 270

B, Ss 107 194 281

Weak S, 225 300 375

T S, 83 163 243

Stroéger S, 94 181 267

S, 100 188 275

Sq 107 194 281

Note: TST: tuberculin skin test, QFT: QuantiFERON X_TB 2nd Generation.

For S1, Sz,..Ss see notes to Table 3.

Table 6 Number of patients occurring due to exposure according to strategy and level of TST
after infection, out of 1000 contacts examined.

Ti: TST after infection same as

TB patients level

T,: TST after infection stronger
than TB patients’ level

Strategy Prevalence of infection Prevalence of infection
Ii: 10% 1.: 20% I;: 30% Ii: 10% I.: 20% I 30%
S 17.34 34.67 52.01 11.49 22.97 34.46
S, 18.18 36.36 54.53 12.97 25.94 3891
S, 13.81 27.63 41.44 11.88 2375 35.63
Sa 11.93 23.86 35.79 11.70 2341 35.11
S 11.65 23.30 34.95 11.65 23.30 34.95

Note:
For Si, $2,..Ss see notes to Table 1.

TST: tuberculin skin test, QFT: QuantiFERON ®_TB 2nd Generation.

A case of Tz and I shown in the right end column agrees to the column j of Table 2.

AL0% DEF25 A (1,000 ArP), BEREEAT20%, 30%
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Table 7 Comparison of costs of chemoprophylaxis and examinations to avert development of one patient

TST before TST after Strategy QFT =@¥5,000 QFT=(@¥10,000
exposure exposure L: 0.1 L: 0.2 I5: 0.3 L: 0.1 L: 0.2 L: 0.3
S, 3,529,967 1,768,715 1,181,631 3,529,967 1,768,715 1,181,631
. S, 929,133 634,492 536,278 1,296,409 818,533 659,241
As ];Iz;lti.ents S, 862,233 601,581 514,696 1,221,480 782,053 635,578
S, 855,762 597,989 512,065 1,220,309 780,818 634,320
B,: S; 791,311 565,094 489,688 1,165,843 752,360 614,532
Strong S, 2,152,068 1,153,178 820,215 2,152,068 1,153,178 820,215
T.: S, 693,223 526,118 470,416 917,734 646,708 556,366
Strozl;ger S, 791,708 569,504 495,435 1,103,488 728,880 604,010
S, 847,712 594,339 509,881 1,206,676 774,686 630,689
S 791,311 565,094 489,688 1,165,843 752,360 614,532
S, 2,308,832 1,225,988 865,040 2,308,832 1,225,988 865,040
T S, 769,763 563,661 494,960 1,005,110 689,066 583,719
As paltients S, 777,200 563,788 492,651 1,066,054 712,975 595,282
S, 824,568 584,125 503,978 1,163,291 755,476 619,538
B,: Ss 791,311 565,094 489,688 1,165,843 752,360 614,532
Intermediate S, 1,459,504 845,372 640,661 1,459,504 845,372 640,661
T.: S, 602,836 485,946 446,982 752,524 573,281 513,534
Strogéer S, 719,217 537,285 476,642 970,988 669,991 569,659
S4 817,050 580,711 501,932 1,150,632 749,777 616,159
Ss 791,311 565,094 489,688 1,165,843 752,360 614,532
S, 1,392,981 818,943 627,597 1,392,981 818,943 627,597
T - S, 650,235 510,537 463,971 786,635 591,967 527,077
As palti'ents S, 643,575 504,399 458,007 821,813 604,423 531,960
S, 730,985 542,533 479,715 992,239 679,453 575,191
B,: Ss 791,311 565,094 489,688 1,165,843 752,360 614,532
Wea S, 940,081 614,517 505,996 940,081 614,517 505,996
T.: S, 535,047 455,817 429,407 628,617 518,211 481,409
Strofl.ger S, 605,303 486,657 447,108 762,774 577,451 , 515,677
S, 725,064 539,829 478,084 982,498 675,051 .- 572,569
Ss 791,311 565,094 489,688 1,165,843 752;36()" L 614,532 .

Note: TST: tuberculin skin test, QFT: QuantiFERON—TB®2nd Generation.

For Si, 52,..Ss see notes to Table 3.
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Table 8 Comparison of balance of medical costs according to strategy (Balance : Saving of medical costs due to disease
prevention vs Cost incurred for examinations and chemoprophylaxis, yen per one person on the average)

TST before TST after S QFT=@¥5,000 QFT=@¥10,000
. . . . trategy
infection infection Ii: 0.1 1: 0.2 1;: 0.3 I: 0.1 1: 0.2 1;: 0.3
S, —17,663 —8,326 1,011 —17,663 —8,326 1,011
T S, 2,022 8,065 14,107 —483 5,554 11,591
As palti-ents S, 4,065 13,962 23,859 46 9,924 19,802
S, 4,834 16,405 27,977 69 11,626 23,183
B,: S 5,798 17,636 29,473 798 12,636 24,473
Strong S, —12,521 1,958 16,436 —12,521 1,958 16,436
T S, 6,404 16,827 27,251 3,703 13,926 24,149
Stro;ger S, 5,694 17,220 28,746 1,602 13,037 24,471
S, 5,025 16,787 28,550 252 11,991 23,731
S 5,798 17,636 29,473 798 12,636 24,473
S —8,303 —6 8,291 —8,303 —6 8,291
T - S, 3,110 9,031 14,953 1,504 7,320 13,136
As paltients S, 5,016 14,808 24,599 1,785 11,470 21,155
Ss 5,241 16,768 28,294 814 12,289 23,763
B,: S5 5,798 17,636 29,473 798 12,636 24,473
Intermediate S, —3,161 10,278 23,716 —3,161 10,278 23,716
T S, 7,491 17,794 28,096 5,690 15,693 25,695
Stroixger S, 6,645 18,066 29,486 3,341 14,583 25,824
S, 5,432 17,150 28,867 997 12,654 24,311
Ss 5,798 17,636 29,473 798 12,636 24,473
S, - —1,283 6,234 13,751 —1,283 6,234 13,751
T S, 3,925 9,756 15,587 2,995 8,645 14,296
As palti.ents S, 6,511 16,137 25,762 4,517 13,899 23,280
S 6,464 17,855 29,245 3,050 14,276 25,502
B,: S5 5,798 17,636 29,473 798 12,636 24,473
Wea S, 3,859 16,518 29,176 3,859 16,518 29,176
T S, 8,306 18,518 28,731 7,181 17,017 26,854
Stro;;ger S5 8,140 19,394 30,649 6,074 17,011 27,949
S, 6,655 18,237 29,818 3,232 14,641 26,045
S 5,798 17,636 29,473 798 12,636 24,473

Note: TST: tuberculin skin test, QFT: QuantiFERON®—TB 2nd Generation.

For Si, S,..Ss see notes to Table 3.
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Table 9 Balance of economic and psychological loss/gain for 1,000 persons in

a population. Cost is in ¥1,000.

[Scenario: Intermediate tuberculin reaction before infection (B =B.), Stronger
tuberculin reaction after infection (T=T), and prevalence of infection of 10%

(I=1)), QFT=@¥5,000]

Lower part shows the difference from S, (TST only).

Pain
Strategy Cost Patient
saved a\?::lrf: d Chemoprophylaxis
Sy: TST only —3,161 13.51 360
S;: QFT to TST 30 mm+ 7,491 12.03 86
Si: QFT to TST 20 mm + 6,645 13.12 99
S4: QFT to TST 10 mm+ 5,432 13.30 104
Ss: QFT only 5,798 13.35 107
Sy: TST only 0 0.00 0
S,: QFT to TST 30 mm+ 10,652 —1.48 —274
S;: QFT to TST 20 mm + 9,806 —0.39 —261
S4: QFT to TST 10 mm -+ 8.593 —0.21 —256
Ss: QFT only 8,959 —0.16 —253

Note: TST: tuberculin skin test, QFT: QuantiFERON _TB 2nd Generation.
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Original Article

COST-EFFECTIVENESS ANALYSIS OF QuantiFERON®—TB 2nd GENERATION
USED FOR DETECTION OF TUBERCULOSIS INFECTION
IN CONTACT INVESTIGATIONS

Toru MORI and Nobuyuki HARADA

Abstract [Purpose] QuantiFERON®-TB-2nd Generation
(QFT) has recently been developed as an accurate tool for
detecting tuberculosis infection regardless of past history of
BCG vaccination. A cost-effectiveness analysis was made on
the usefulness of QFT that was used in the contacts investiga-
tion of a group of subject exposed to tuberculosis infection.
[Methods] A model was built assuming that a group of
youngsters was exposed to an infection source with different
degrees of intensity. The distribution of the tuberculin reac-
tion of this group was assumed to be variable according to the
history of BCG vaccination and tuberculin testing. Also, the
distribution of tuberculin reaction size after the recent expo-
sure is assumed to be different, as has been observed previ-
ously. The strategies for investigating this group included
giving QFT to subjects having erythema size exceeding 30
mm, 20 mm, and 10 mm as compared with the strategy with
the tuberculin test only, or the QFT only. The outcome
variables calculated for each strategy were sensitivity and
specificity, and predictive values in detecting tuberculosis
infection; the number of indications for chemoprophylaxis,
the number of tuberculosis patients averted, and the costs
incurred in treating tuberculosis patients and chemoprophy-
laxis cases and testing with tuberculin and QFT were also

considered. The sensitivity (specificity) of the QFT employed
in the analysis was 89% (98%) based on our observations.
[Results & Conclusion] It was confirmed that the additional
use of QFT would greatly reduce the number of indications
for chemoprophylaxis cases that have never been infected and
that the use of QFT is cost effective in spite of its relatively
high unit cost. It will be useful to decide on the eligibility of
QFT testing, i.e., the minimal tuberculin reaction size of
subjects to whom QFT is given, based on the assumption of
pre-exposure distribution of tuberculin reaction size of the

group.

Key words: Tuberculosis infection, Tuberculin reaction,
QuantiFERON, Contact investigation, Cost-effectiveness
analysis
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Fig. 2 Responses to ESAT-6 and CFP-10 for 118 culture-positive patients with tuberculosis (TB),
and 213 subjects with a low risk for TB exposure. For ESAT-6/CFP-10, the data for the antigen
(ESAT-6 or CFP-10) giving the highest response is shown. The dashed line represents the cut-off
of 0.35 IU/m! for IFN-y.
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Table QFT positivity among close contacts and less close contact, cut-off =0.35

Close contacts

Less close contacts Comparison*

Tested Positive (%) Tested Positive (%) OR p-value
ESAT-6 12 36.4 1 2.4 24.0 0.000
CFP-10 33 9 27.3 42 3 7.1 4.9 0.041
Either 15 45.5 3 7.1 12.8 0.000

*OR: Odds ratio. P-values are based on Chi-square test with Yates correction.
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Fig.2 Use of QFT at the employment of healthcare workers
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Fig.3 Actions on high risk individuals with previously negative QFT
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