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22 high burden countries account for over
80% of cases
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TB remains a problem in high-income countries
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Notificationrate per 100,000 population

TB in high-income countries:
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TB incidence in the UK is increasing...
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...but mainly in the foreign-born
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TB mainly a disease of foreign-born in the UK

60

B
o
1

N
o
1

TB incidence (rate per 100,000)

>18x
difference

- 4

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

=—UK-born —Foreign-horn

350

TB incidence rate (per 100000 population)

300

250 -

200

150

100 -

50 -

Indian Sub-Saharan Africa Chinese Black-Caribbean
Subcontinent

Place of birth/Ethnic origin

National Institute for
Health Research

Source: PHE 2014



National Instit

UK predicted to have more cases of TB
than the US within the next two years
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Foreign-born TB: a significant proportion of the
TB burden in high-income countries
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Reason: Synergistic impact of migration and
reactivating latent tuberculosis infection
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Evolving migration patterns during the
20th/21st century
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Migration to the UK

Migration (thousands)
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ration to UK influenced by its past
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Migration alone not enough...
Need to consider TB natural history

Active TB disease
Symptomatic

Latent TB infection

Exposure Asymptomatic '
) CXR normal CX:t{rr:ﬂIr:LOIgv
TST an.d. IGRA TST and IGRA
positive iti
positive

Chemoprophylaxis
reduces risk of
progression by 60%

2 tests available
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Reactivation of LTBI plays critical role

* Data suggests little active TB at time of migration
* High rates in initial years after migration (new-entrants)
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To recap...

* TB cases in the foreign-born make up a
significant proportion of TB burden

 Combined impact of migration and
reactivation of pre-existing latent TB infection

* High rates within the first 5 years after entry
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So how do high-income countries
screen migrants?




Screening practices in high-income countries

Evaluation of Immigrant
Tuberculosis Screening in
Industrialized Countries

Manish Pareek, lacopo Baussano, Ibrahim Abubakar, Christopher Dye, and Ajit Lalvani

Emerging Infectious Diseases « www.cdc.goweid « Vol. 18, No. 8, September 2012

e |International survey of 31
OECD high-income countries

High-income countries responding to
survey

* Evaluated screening practices |,

W

for active and latent TB l

* Where do they screen? .
. Which groups are screened? e 29/31 countries responded

* How do they screen?
Source: Pareek M 2012
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High-income countries prioritise screening
for active TB rather than latent TB

Countries screening immigrants for ’ Countries screening immigrants for
i i latent tuberculosis

25/29 (86.2%) 16/29 (55.1%)
- active TB - latent TB
Z*Eﬂ’? Source: Pareek M 2012



High-income countries prioritise screening
for active TB rather than latent TB

Pre-arrival At-arrival Post-arrival
8/25 (32.0%) | 5/25(25.0%) |23/25 (92.0%)

Countries screening immigrants for

25/29 (86.2%)
- active TB

Source: Pareek M 2012



...But screening yields for active
tuberculosis are highly variable

Yield «1000 (95% Cl) Per cent weight

Europe
Vak pen Branpe ef &/, [19] (1997) «+— 1.44 (0.54-3.83) 8.72
CaLUSTER el &l [20] (2002) - 1.84 (1.16-2.92) 9.25
Jomnsen et &l [21] (2008) - 2.48 (1.62-3.80) 9.13
LaiFer et al. [26] (2004) — 256 (1.28-512) 8.47
Rvastan and GaLlEFoss [28] (2003) 5.00 (1.88—13.24) 4 .61
SaiTH et al [29] (2000) . 1270 (7.23-2222) 3.34
Subtotal (12=51.5%, p=0.067) (> 2 36 (1.31-3.40) 4351
Africa
CaLLSTER et &l [20] (2002) - 439 (3.25-5.85) 9.00
Jorusen et al. [21] (2005) — B.08 (4.79-13.60) 5.80
Van DEN Branpe et al. [19] (1997) —_— 9.35 (5.44-16.04) 4.94
Subtotal (12=62.5%, p=0.06%) {:} £.55 (3.16-0.00) 19.74
Asia
CaLusTER et al. [20] (2002) - 2,70 (1.89-3.86) 9.20
OrMEROD [36] (1968) [ — 4.45 (2.40-8.27) 740
Whicke ef al, [27] (1998) —_— 6,71 (3.90-11.53) 6,42
MNoLan and EvsrTH [38] (1988) —— B.36 (6.70-10.43) B8.52
Juoson ef al. [30] (1684) - 16,50 (12.32-30.74) 251
KeLLy et &l [31] (2002) # 38.11 (30.31-47.82) 2.70
Subtotal (12=94 9%, p=0.000) ":i____;:" 11.17 (6.25—16.08) 36.75
T T T T
0.5 5 10 50

Sereening yield (<1000 scresnsad)

. mE
N h Resoonch Source: Arshad et al 2010



...But screening yields for active
tuberculosis are highly variable

Yield «1000 (95% Cl) Per cent weight

Europe
Vak pen Branpe ef &/, [19] (1997) «+— 1.44 (0.54-3.83) 872
CaLUSTER el &l [20] (2002) - 1.84 (1.16-2.92) 9.25
Jokusen et al. [21] (2005) - 2.48 (1.62-3.80) 9.13
LaiFer et al. [26] (2004) — 256 (1.28-512) 8.47
Rvastan and GaLlEFoss [28] (2003) 5.00 (1.88—13.24) 4 .61
SaiTH et al [29] (2000) . 1270 (7.23-2222) 3.34
Subtotal (12=51.5%, p=0.067) (> 2 36 (1.31-3.40) 4351
Africa
CaLLSTER et &l [20] (2002) - 439 (3.25-5.85) 9.00
Jorusen et al. [21] (2005) — B.08 (4.79-13.60) 5.80
Van DEN Branpe et al. [19] (1997) —_— 9.35 (5.44-16.04) 4.94
Subtotal (12=62.5%, p=0.06%) {:} £.55 (3.16-0.00) 19.74
Asia
CaLusTER et al. [20] (2002) - 2,70 (1.89-3.86) 9.20
OrMERCD [36] (1998) - 4.46 (2.40-8.27) 7.40
Wicke ef al, [27] (19588) —_—— 6,71 (3.90-11.53) 6.42
MNoLan and EvsrTH [38] (1988) —— B.36 (6.70-10.43) B8.52

Juosow et al. [30] (1984) - 19.50 (12.32-30.74) 251
= o [ 4 =
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Sereening yield (<1000 scraansd)
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UK port of entry screening has a low yield
and may not be cost-effective

Heathrow

* Total referrals 175,039
* Have X ray 71,000

e Abnormal 173
 TB diagnosed 92 (0.12%)

Imperial College
i = 9 Source: HPA 2007



Pre-arrival screening yields for active
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tuberculosis may be higher

Table L. Prevalences of Smear-Megative and Inactive Tuberculosis among ULS.:Bound Immigrants, 1959-2005.

Wariable

Tedal
g
Male
Female
Age
014 yr
15-24 1
hdl yr
564 yr
265y
Warld Heslth Qrganizstion
region af kirth
African
The Amrsricas
Eastern Mediterrarzan
Ewropean
Southeast Asian
Waessbern Pasihc
Courry ol bty
Philbppinses
Vietnam
Chinaf
Fesico
Irdia
] 1

Prirvalence of lberculasis in

birth cousiryd
0-8 cazes | 100,000
10-19 cames 1100, D00
2040 cames TLOG, COG
S99 cases 100000
1140 cases [ D0, DOD
w L0 cases 100,000
Mo estimate

All Immigranis

no. 3]

2,714,233 {1004

1,203,271 (#4.3]
1,510,952 (55.7]

676,821 {24.9)
535,218 {19.7)
421,584 (30.3)
500,072 {16.4)
B0, 718 (6.7)

148,095 {5.5)
1,029,503 (37.9)
220,672 (B.1)
HI0,071 {13.6)
250,988 (9.2]
694,804 (25.6)

216,508 (5.0]
114,764 (#.2)
202,595 (7.5)
FBO.408 (14.3)
181,735 (6.7]

1,609,413 (58.3]

L0, 727 (h.3]
110,148 {£.1]
629,895 (23.2]
220,260 (E.4)
334,788 (12.3]
1,203 380 (£4.5)

Immigrants with Smear-Negathoe
Tuberculosis

no. [BE)

26,075 {100.0)

15,175 (50.5]
12,904} {49 5]

1034 (7.5
1,077 (£.1)
5,432 (20 K)

10, 643% 0 E)
6,909 (26.5]

41 40.7)
1,491 {5.7]
41 40.2)
298 (1.1)
444 (1.7]
23,760 (91.1)

15,106 {57.9)
6,980 (26.5]
1,58% (5.3)

991 (3.8)
357 (14
1,258 (4.5

17 (.1

L ik 1)
1,029 (3.9)
103 (0.4)
460 (1.5}
24,385 (32 5)
71 .3

no. 100000 perans
(35% Cl)

961 (343-973)

1095 {1076-1114]
BSd (BIO-BED)

799 (2B6-3137)
201 (183-213|
BB (B42-67E|

2128 (20BE-216E)

FB25 (373a-13012)

78 {18-37)
145 (135-152)
19 {1325
B1 (F2-80)
137 (160154
3419 (33 76-346Z)

6977 (BEGI-FOES]
G082 (F84i-a23]]
GBS (G4 7-718)
254 (2XE-20)
196 {175-217)

78 (4B

10 {5-1%]
4 (k-15)
163 {153-17%]
45 (}6-54)
138 {125-151]
2020 (19352045
218 {1B6-270)

Immigrants with Inactive Tuberculosis

no. %)

22,716 {100.0)

11,146 {29.1)
11,530 {50.9)

412 (1K)
1,183 (5.3)
4,841 (21.5)
9,685 (42.5)
6,557 (28.9)

150 (0,7]
3,249 (14.3)
268 (1.3
1,164 {5.1)
1,BB5 (B.F]
15,986 (704

7,346 (32.3)
1,721 (7.6
5,600 (15,6
L2040 (5.3]
1,438 (6.3
7,411 (32.6)

57 (0.4
148 (0.7)
1,665 {7.5]
1,845 (E.1)
2,085 (5.7
16,165 (71.3)
HERENT]

no./ 100 OO persons
1955 C)

437 (E26-54E)

026 (B05-543)
766 (752-750]

&1 {55-67]
221 (20E-234)
594 (877-611)
1956 (| 1B9E-1974]

I62B (1542-1714]

107 (80-174]
316 (M5-227)
121 {106-136]
16 (2UB-154)
751 (717-7E5)

23 (2265-2335]

3393 (31317-3459]
LS00 (1429-1571)
1779 (1721-1E37]
08 (290-326]
791 (TH-E3E)
450 (4504 70]

57 (2569
154 {112-156)
264 (251-277]
B4 (TH7-E4]]
524 (59751

1339 (13151360

2192 (2031-2353)

Source: Liu et al 2009



Pre-arrival screening yields for active
tuberculosis may be higher

National Institute for
Health Research

Table L. Prevalences of Smear-Megative and Inactive Tuberculosis among ULS.:Bound Immigrants, 1959-2005.
Immigrants with Smear-Negathoe
Variable All Immigranis Tuberculosis
no. /100000 persans
2,714,233 {100.4] 26,035 {1960} 961 (RL8-a73| 22,716 {19440}
e
Male 1,203,271 (#4.3] 13,175 (50.5) 1095 {1076-1114] 11,146 j48.1)
Female 1,510,952 (55.7) 12, 90N} (48.5) BSd (BIO-BED) 11,530 (50.9)
Ay
0-14 yr 576,821 (74.9] 299 {7B6-313) 417 (1.5}
15-24 7 535,218 (19.7) 200 {1E3-213) 1,183 {5.2)
2h-ddyr M2l 5494 (3.3) BBl (bLi-hrE| 4. HEL (21.5]
A5Gl yr S0,072 {18 4) 10,643 {40 E) 2128 {20BE-216E) 9,685 {#2.5)
265 yr 160,718 (6.7] 6,909 (26.5) 3B25 (F7R-1A12) 6,557 (26.9)
Warld Heslth Qrganizstion
region af kirth
African 148,085 (5.5] 41 1.7} 28 (15-17| 159 {07}
The Amrsricas 1,039,503 {37.9) 1,491 {5.7] 145 {13E-153) 3,249 {14.3)
Eastern Mediterrarzan 220642 (B.1] 41 p.z) 19 {13-2%] 26l (1.2]
Ewropean 570,071 (13.6) 208 (1.1 B1 (72-80) 1,164 {5.1)
Southeast Asian 250,988 (9.2) 444 (1.7] 177 {160-194) 1,BES (B.3]
Western Pacihic 604,594 (25 6] 23,760 (81.1] 3419 (FIT6-3462) 15,986 (70.4]
Couriry of bath
Philbppinses 216,508 {E.0) 15,106 {57.9) 6377 (BEAI-POES) 7,346 {22.3)
Vetnam L14, /b4 (£.2] B, 980 (2b.E] BUHE (aed-biil] J2L(rb)
Chinat 202,595 (7.5) 1,583 (5.3] GBS (G 7-719) 3,600 (15.8)
Mexico 5BY9,408 (14.3] 991 (3.8) 254 (236-270) 1,200 {5.3]
Irdia 181,735 (6.7] 357 (14 196 {175-217) 1,438 (6.3]
Dotk 1,609,413 (59.3] 1,258 (£.5] 78 (74-B7| 7,411 {32.6]
Prirvalence of lberculasis in
birth cousiryd
0-9 cazes | 100, DO LA A2 (6.3 12 1) L0 5=1%] 93 p0.2)
10-19 cames /100, 000 110,148 {£.1] 1 i1y 9 {115 148 {0.7)
2049 cases [L00, 000 629,895 (23.2] 1,029 (5.9] 163 {153-173) 1,665 (7.3]
SO-99 cases [100, 000 229,260 (B.4) 103 (0.4] 45 (36-54] 1,843 (B.1]
100148 cases /100,000 334,288 (12.3] 460 (1.5} 138 {125-151] 2,085 (93]
w L0 cases 100,000 1,203 380 (£4.5) 24,385 (23 5) 2020 (19952045 16,165 {71.2)
Mo estimate 71003 218 {Lbb-270) 715 {1.1)

Immigrants with Inactive Tuberculosis

no 10000 persans

37 (EZb-ELE]

926 (B09-943)
766475275

21 Yield 0.96%

1956 (| 1B9E-1974]
F62B (3542-3714]

107 (B0-124]
316 (M5-227)
121 {108-135)
HL6 (2UE-114)
751 (717-7E5)

2300 (2265-2335]

3393 (3317-3463]
LS00 (1428-1571)
1779 (1721-1837)
308 (290-326)
791 (TH-E3E)
460 (4508 70)

57 (4|
154 (112-156)
264 (251-277]
B4 (TH7-E4]]
524 (597-651]
1339 (13151260

2182 (2031-2153)

Source: Liu et al 2009




Pre-arrival screening yields for active

tuberculosis may be higher

Table L. Prevalences of Smear-Megative and Inactive Tuberculosis among ULS.:Bound Immigrants, 1959-2005.

Immigrants with Smear-Negathoe

Variable All Immigranis Tuberculosis

no 10000 perans

961 (RL8-a73|
e

FMake 1,203,271 (4 3) 13,175 (50.5) 1095 {1076-1114] 11,146 j48.1)

Female 1,510,952 (55.7] 12,904 (49 5) BS4 (BFO-EGY) 11,570 (50.9)
Ay

014 yr 676,821 (74.9) 2,024 (78] 299 (2B6-213) 412 (1.5}

15-24 535,218 (19.7) ; 200 {1E3-213) 1,183 {5.2)

2548 yr B2l 594 (30.3) Bil (bL2-bFE| 4831 (215

A5Gl yr

500,072 {18.4]

10, 645 (40 K]

2128 (20BE-2168]

2% 1T ie_R0]Y

9,685 (42.6)

Warld Heslth Qrgani

region af kirth
Alvican 148,095 (5.5)
1,029,503 {37.9)
220,672 (B.1)
570,071 {136
250,988 (9.2]
694,804 (25 .6)

41 .2}
1,491 {5.7]
41 (0.2)
208 (1.1)
444 (1.7)

23,760 (81.1]

28 (18-27)
145 (135-153)
19 {13-2%)

BL (F2-aq)
137 (160154
3419 (33 76-346Z)

150 (0,7]
3,249 (14.3)
268 (1.3
1,164 {5.1)
1,BB5 (B.F]
15,986 (704

The Amrsricas

Eastern Mediterrarzan
Ewropean
Southeast Asian

Wassbern Pacihc

216,508 {E.0)
feztnam L14, /b4 (£.2]

15,106 {57.9)
B, 980 (2b.E]

6377 (BEAI-POES)
BUHE (aed-biil]

7,346 {22.3)
J2L(rb)

Y' Id 0 0190/ “hinat 202,395 {7.5] 1,58% (5.3 GBS (Gd7-719) % 600 (155
I e [ ] o- esioo B9, 408 (14.3) 991 (3.8) 254 (23E-270) 1,204k {5.5)
rdia 181,735 (6.7] 357 (1.4] 196 {175-217] 1,438 (6.5]

i 1,609,413 (58.3] 1,258 (4.5 78 (74-E7| 7,411 (32.6)

3.4% |

alence of wberculosis in
birth cousiryd

0-9 cases/ 100,000 170,727 (6.3 17 0.1 L0 {5-15) 57 j0.4]
10-18 cases /100, 300 1101, 148 4.1] 1 {1} a (3-15) 14 (0.7)
2049 cames 100, 000G 629, 895 (23.2) 1,029 {3.9) 163 {153-173) 1,665 {7.5)
5009 cases [100. 000 229,260 (E.4) 103 (0.4] 45 [156-54] 1,843 (B.1)
100148 qses, 100,000 334,288 (12.3] 360 {1.5] 138 (125-151] 2,085 (9.3]

National Institute for (50 cases; 100,000 1,207,380 {44 5] 24,385 (335 2000 (19953085 16,165 (713
Health Research Mo estimate 71 (0.3 218 {166-270) 713 (1.1]

Immigrants with Inactive Tuberculosis

no 10000 persans

926 (B09-943)
66 {752—7K

]

]
]

1956 (1548-1974]

E2R (15

107 (90-174]
316 (35-127]
121 {1406-136)
316 (28E-114)
51 {717-7E5)
2300 (2265-2335]

33093 {3317-1469)
L3 (1a28-1551)
1779 (1721-1E37)
308 (290-126)
01 (7H0-ERE)
Al {4504 7]

57 (4443
154 {112-15%6]
264 {251-277)
B0 (76T-E41)
24 (S97-651]
1339 (131561260
2192 (2031-2383)

Yield 0.96%

Source: Liu et al 2009



Data from UK pilot of pre-arrival screening also
highlights variable yields for active tuberculosis

2005* 2006 2007 2008 2009 2010* Total
Bangladesh | 0 19,711 22,185 23,457 58,996 15,024 139,373
Burkina
Faso 0 0 6 32 22 6 66
Cambodia |0 64 76 80 127 83 430
Cote
d'lvoire 0 0 116 339 263 145 863
Eritrea 0 0 58 45 30 25 158
Ghana 0 0 10,896 8,446 4,065 2,809 26,216
Kenya 0 0 2,859 2,981 2,529 1,676 10,045
Laos 1 16 25 22 25 19 108
Niger 0 0 5 34 18 4 61
Pakistan 0 0 50,251 61,896 55,944 42142 210,233
Somalia 0 0 316 458 519 429 1,722
Sudan 5 817 819 1,020 1,006 659 4 326
Tanzania 354 1,934 1,906 2,054 1,362 751 8,361
Thailand 634 8,731 8,314 8,690 7,866 6,122 40,357
Togo 0 0 17 86 55 33 191
Total 994 31,273 97,849 109,640 | 132,827 | 69,927 | 442,510

Total positive cases, overall = 294 TB cases or 66 per 100,000 population

The scheme is now self-financing, applicants paying a fee of between $50 and $77 US (up to £50).
However, the cost of culture diagnostics is free for the applicants.

National Institute for
Health Research

Source: UKBA FOlIl request



Cost-effectiveness of migrant
screening for active tuberculosis



Studies/documents which have examined
migrant screening for tuberculosis

Model type
. . . Tools Empirical | (Decision-analysis Assessment of
Author Year | Location Aim of study/analysis assessed data (DA) or Markov cost-effectiveness
(M))
. . . CXR and S/ active TB case
Dasgupta 2000 | Canada Compare CXR and TST in screening migrants ST Yes DAand M averted
Compare CXR and TST in screening migrants .
Schwartzman | 2000 | Canada from hypothetical high, medium and low TB CXR and No DAand M 3/ active TB case
. TST averted
burden settings
Khan 2002 USA .Compare T?T versus ho s?reenmg for Iatent. TB TST vs .No No DA $/ active TB case
in recent migrants from different world regions | screening averted
Compare no screening versus TST, IGRA or
NICE 2006 UK TST+IGRA as screening tools for latent TB in TST, IGRA, No DA £/QALY loss
. TST+IGRA averted
recent migrants
Compare no screening versus TST, IGRA or CXR, TST, $/ active TB case
Oxlade 2007 | Canada TST+IGRA as screening tools for latent TB in IGRA, No DA
. averted
recent migrants TST+IGRA
Compare no screening versus TST, IGRA or
NICE 2011 | UK TST+IGRA as screening tools for latent TBin | 1o |CRA No DA £/QALY loss
. TST+IGRA averted
recent migrants
Pareek 2011 UK Compare r.10 screerung versus IGRA screening at IGRA Yes DA £/ active TB case
different incidence thresholds averted
. Compare no screening vs TST, IGRA or TST+IGRA TST vs . .
Linas 2011 USA as screening tools for latent TB in migrants IGRA No M >/Life year gained
Compare no screening versus TST, IGRA or
TST+IGRA as screening tools for latent TB in TST, IGRA, S/ active TB case
Pareek 2012 UK recent migrants. Assessment of screening TST+IGRA Yes DA averted
threshold and where to screen also.

National Institute for
Health Research




Is it cost-effective to screen migrants
for active tuberculosis?

Model type
. . . Tools Empirical | (Decision-analysis Assessment of
Author Year | Location Aim of study/analysis assessed data (DA) or Markov cost-effectiveness

. . . CXR and S/ active TB case
Dasgupta Canada Compare CXR and TST in screening migrants ST DAand M averted

Compare CXR and TST in screening migrants

Schwartzman Canada from hypothetical high, medium and low TB CXR and DAand M >/ active TB case

TST averted

burden settings

National Institute for
Health Research



Unclear whether it is cost-effective to
screen migrants for active tuberculosis

Model type
. . . Tools Empirical | (Decision-analysis Assessment of
Author Year | Location Aim of study/analysis assessed data (DA) or Markov cost-effectiveness
. . . CXR and S/ active TB case
Dasgupta Canada Compare CXR and TST in screening migrants TST averted
Compare CXR and TST in screening migrants .
Schwartzman Canada from hypothetical high, medium and low TB CXR and DAand M >/ active TB case
. TST averted
burden settings
Comparison of Cost-Effectiveness of Conclusion: Not cost-effective
Tuberculosis Screening of Close Contacts . .
and Foreign-Born Populations to screen migrants for active
KABERI DASGUPTA, KEVIN SCHWARTZMAN, ROBERT MARCHAND, TERRY NAN TENNENBAUM, H :
AL BrssanD, e DIk MAES TB using chest radiographs

Tuberculosis Screening of Immigrants to _ ] .
Low-Prevalence Countries Conclusion: Cost-effective to

A Cost-effectiveness Analysis screen migra nts from hlgh
KEVIN SCHWARTZMAN and DICK MENZIES preva'ence countries for active
AM | RESPIR CRIT CARE MED 2000:167:780-T83, o o

TB using chest radiographs

National Institute for
Health Research




Unclear whether it is cost-effective to
screen migrants for active tuberculosis

Tuberculosis Screening of Immigrants to
Low-Prevalence Countries
A Cost-effectiveness Analysis

KEVIN SCHWARTZMAN and DICK MENZIES
AM | RESPIR CRIT CARE MED 2000:167:780-T83,

National Institute for
Health Research

Model type
Tools Empirical | (Decision-analysis Assessment of

Conclusion: Cost-effective to
screen migrants from high
prevalence countries for active
TB using chest radiographs




Screening migrants for latent
tuberculosis



High-income countries display
heterogeneity in screening for latent TB

Pre-arrival

Where? |
2/16(12.5%)

At-arrival

2/16 (12.5%) 16/16(100 0%)

Post-arrival

90
80
70

X

< 60

o

£ 50

g

g 40

d
30
20
10
0

All legal immigrants  Selected legal im| g tng es/asylum
Immigrant groups s

Who is screened?

& 60

S50

c

:1!’ 40

v 30

o
20
: —
0

Tuberculin skin test TST plus confirmatory IGRA alone
IGRA
Screening method for latent tuberculosis

National Institute
Health Researc|

[NHS|

for
h

How is screening undertaken?

Source: Pareek M 2012



UK: Screening practices for latent TB in
migrants are also highly variable

Low TB burden PCOs |

Tuberculosis screening of migrants to low-

. r . . Total PCOs n a2
burden nations: insights from evaluation of New enirants aged <16 yrs
U K praCthe :-n cases per 100,000 n.a B4 191 .35)
=500 cases per 100,000 pa. 91 (38.9)
M. Pareek**, I. Abubakar'~, P.J. White', G.P. Garnett’ and A. Lalvani* Sub-Saharan Alrica 21 (22.8)
) Cther countries 4 [4.3)
EUROPEAMN RESPIRATORY JOURNAL New entrants aged 15-35 yrs
=40 casas par 100,000 p.a a4
=500 cases per 100,000 pa. G0 [97.8)
Sequence of lesls used Low TB burden PCOs High TB burden PCOs Sub-Saharan Affica a0 (97 8)
Cther countries 4 [4.3)
Mew entrants aged <16 yrs®
Tedal PCOs n 21 14
TET+CXR 23 (25.3) 5 (35.7)
TST+CXR+IGAA 86 (72.5) 9 (64.3)
IGRAHTRR 5 (5.5} 1 {7.1)
Other 2 (22 O (0]
I5RA 65 (72.5) 9 i64.3)
Mew entrants aged 16-35 yrs’
Total PCOs n 20 14
CERHTST ] 0 (0]
CEA+TST+GAA 27 (300.0) 1 (7.1)
CHA-HERA 3 {3.3) O (100
TET+CXRA 18 {20.0 B (42.9)
TST+ IGRA+CXR 39 {43.3) B {429
I1GRAHTRA 2 (2.8 1 [7.1)
IGRA 67 {74.4) B ST

National Institute for

Health Research Pareek M et al Eur Resp J 2011



UK: Screening practices for latent TB in
migrants are also highly variable

UK practice

EUROFEAN RESFIRATORY JOURNAL

Tuberculosis screening of migrants to low-
burden nations: insights from evaluation of

M. Pareek*”, I. Abubakar’*, P.J. White*/, G.P. Garnett’ and A. Lalvani*

Sequence of lesls used

Low TB burden PCOs

High TB burden PCOs

Mew entrants aged <16 yrs*

Tedal PCOS n @ 14

TET+CXR 23 {25.3) 5357
TST+CER+IGAA 66 (72.5) 9 (64.3)
IGRAHCXR 5 {5.5) 17.1)
Cither 222 0 [0u.0)
IGRA 66 (72.5) 9 i64.3)

Mew entrants aged 16-35 yrs’

CRA+TST
CXR+TST+IGRA
CXAHGRA
T5T+CXR

TET+ IGRA+CXA
IGRAHCRR

1GRA

National Institute for
Health Research

Q [0u0)
1 [7.1)
O [0u)
f (42.9)
B (42.9)
1 [7.1)
B {57.1)

Low TB burden PCOs |

Total FCOs n a2
Hew enitrants aged <16 yrs
=40 cases per 100,000 pa. B4 131 .3)
=500 cases per 100,000 pa. 91 (38.9)

Fub-Saharan Alrica 21 (98.9)

Hew entrants aged 16-35 yrs
=40 casaes per 100,000 p.a.
=500 cases per 100,000 pa.
Sub=Saharan Alrca
he

Heterogeneity in who to
screen and how to screen

Pareek M et al Eur Resp J 2011



Inconsistency and heterogeneity in
practice highlight need for more data

QuantiFERON

Gold in-tube Tuberculin skin test T-SPOT.TB

|

How and where to screen?




Inconsistency and heterogeneity in
practice highlight need for more data

QuantiFERON

Gold in-tube Tuberculin skin test T-SPOT.TB

|

How and where to screen?




Augmenting the evidence base:
who to screen?

Estimated new
TB cases (all forms)
per 100 000 population

[ 25-49

T s50-149

B 150-299

Hl =300 s /
[ ] Noestimate

[ Notapplicable

National Institute for
Health Research

® -
o * 4
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Which migrant groups to screen: evidence
from the United Kingdom

Screening of immigrants in the UK forimported latent s e
tuberculosis: a multicentre cohort study and

cost-effectiveness analysis

Manish Pareek, John P Watson, L Peter Ormerod, Onn Min Kon, Gerrit Woltmann, Peter | White, Ibrahim Abubakar, Ajit Lalvani

THE LANCET Infectious Diseases ‘orirfeosom:

National Institute for
Health Research



Murrbser in total Mummiber of IGRA-positive  Unadjusted OB  pvalue Addjusted DR p valise
cohort (n=1229) individuals/total number  {95% CI) (95% Cl)
tested (n=245)

Age (years)
=16* 36 (%) Tiab (19%]) 1 0051t 1%
16-25 580 (48%) B4/589 (15%) 0.7 (0-3-1.7) 0-9 (0-4-2-1)
26-35 604 (45%) 152/604 (25%] 14 {3-6-3-2) L7 i0-7-4-1)
S
Female 629 (51%) 10 629(17%) 1 002 1 0-046
Akale GO0 (45%) 136600 [23%) 1.4 {1-1-1-5) 1-3({10-18)
Origin|
Eurcipss, Smericas SO [4%) 21500 4%) 1 =001
Midele East, Morth Africa 26 (2%} 126 [4%) 1.0{0-1-11-1)
Other Asia 162 (13%) 29/162 (18%) 52 (12-22-8)
Indian subcontinent 740 [60r%) 144/740 [20%) C8 (1-4-241)
Sub-Saharan Africa 251 (20%) 69/251 (28%) g1 (2.2-38.5)
Incidence of tuberculosis in country of origin (cases per 100 G040 population per year)||
0-50 32 (3%} 132 (3%) 1 <0011 1%
51-150) 150 {12%) 194150 [13%) 4.5 (0.60-34.9) 45 (0.60-35-3)
151-250 B35 [6B%) 164835 [ 20%) 7.6 [1:0-55.9] 79 [1:1-58-3)
351-350 139 (11%) 41139 (30%) 13:0(17-982) 133 (1.8-101.5)
=350 T3(6%) HOSFY (2T 117 (1.5-9145) A1 F-103
BLG vaccinated?
Mo 113 [17%) 16113 (14%) 1 17
e 544 (E3%) 107/544 {20%) 1.5(0-3-2-6)

EaRA=inberferon-y release assay, DR =cdlds ratio. “0F the 36 individuals aged <16 wears, ane (3-8%) was aged =4 vears, one {2-8% ) wis 5-9 vears, and 34 (54- 43 ) wene
10-15 wears. Ty’ p far trend. SMutoally adpested for sex and indidence of tuberculesis in country af origin. Spvalue denabes cverall #ffect of age in the model. FMutuslly
adjpusted for age and tuberoulosis incidence incountry of arigin. ||Region of angin and tuberculoss inciderce in courtry of origin were strangly comelated; therefore, inthe
maltivariate anabsis, region of ongin was left et *“Mutually adjusted for age and se,

Table 1: Demographics of cohor and rsk factors associated wath IGRA positivity in immigrants




IGRA positivity independently associated with
TB incidence in country of origin
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Yields for latent TB: UK guidance
missed majority of imported latent TB

Age group and TB Number Number Yield at incidence level, ie. % of all LTBI
incidence screening tested positive proportion of those tested identified if
threshold (per 100,000) giving a positive result (%) | threshold set at

this level
Screen 2500 and SSA 235 65 27.7 27.3
Screen 2500 46 12 26.1 5.0
Screen 2450 54 13 24.1 5.5
Screen 2350 66 18 27.3 7.6
Screen 2250 197 58 29.4 24.4
Screen 2150 1013 219 21.6 92.0
Screen 240 1180 238 20.2 100

National Institute for
Health Research



Yields for latent TB: UK guidance
missed majority of imported latent TB

Age group and TB Number Number Yield at incidence level, ie. % of all LTBI
incidence screening tested positive proportion of those tested identified if
threshold (per 100,000) giving a positive result (%) | threshold set at

this level
| Screen2500andSSA | 235 | 65 | 277 | 273
Screen 2500 46 12 26.1 5.0
Screen 2450 54 13 24.1 5.5
Screen 2350 66 18 27.3 7.6
Screen 2250 197 58 29.4 24.4
Screen 2150 1013 219 21.6 92.0
Screen 240 1180 238 20.2 100

National Institute for
Health Research




Yields for latent TB: UK guidance
missed majority of imported latent TB

Age group and TB Number Number Yield at incidence level, ie. % of all LTBI
incidence screening tested positive proportion of those tested identified if
threshold (per 100,000) giving a positive result (%) | threshold set at

this level
Screen 2500 and SSA 235 65 27.7 27.3
Screen 2500 46 12 26.1 5.0
Screen 2450 54 13 24.1 5.5
Screen 2350 66 18 27.3 7.6
Screen 2150
Screen 240 1180 238 20.2 100

National Institute for
Health Research



Health-economic analyses: screening at lower thresholds
averts more cases of TB but with increased total costs

Screening threshold for immigrants Cases of active  Costs over 20 ICER
(annual incidence per 100,000) TB years (GBP per TB case
Under 16 16-35 years (over 20 years) (2010 GB pounds) averted)
None None 95.4 608,370.0 Baseline
40 500 91.9 678,586.5 Extended dominance
40 400 91.8 683,710.0 Strict dominance
40 450 91.7 683,267.9 Extended dominance
40 350 90.8 697,208.7 Extended dominance
. 17,956.0
40 500 +SSA 82.2 850,103.1 Extended dominance
40 200 71.1 1,121,093.2 Extended dominance
40 150 54.2 1,431,928.5 20,818.8
40 100 53.7 1,456,820.1 Extended dominance
40 40 50.9 1,527,478.5 29,403.1
All All 50.9 1,532,256.6 101,938.3

National Institute for

Health Research Source: Pareek M et al Lancet Infectious Diseases 2011



Cost-effectiveness of migrant screening
for latent tuberculosis: who to screen?

Author Year | Location Type of Migrants to target for screening Conclusn?n on
data cost-effectiveness
Age Time since
Regions/Countries of origin & arrival
High/intermediate and low . .
Schwartzman | 2000 | Canada Model and prevalence of active TB, Only 20 year olds Not stated Screen migrants frc?m high
literature prevalence settings
latent TB and HIV
Khan 2002 USA Model and Different coun'trles and >18 years Not stated Screen mlgranFs from h|g!1 B
literature world regions burden countries and regions
Low, intermediate and high . .
Oxlade 2007 | Canada Model and incidence of smear positive Not stated Not stated Screer_m m.lgrants fro!n high TB
literature . incidence settings
pulmonary tuberculosis
Empirical Screening thresholds Scrci_-e.n all migrants <:°.5 ye‘ars
data, model determined by TB incidence <16 and arriving from countries with
Pareek 2011 UK simulation in countr;/ of origin 16-35 years <5 years TB incidence 2250 or
> i <
_and (increments of 50/100,000) 2150/100,000 resident <5
literature years
Various age groups .
Linas 2011 | usa | Modeland Not stated considered: <5 years and S:::: ::::sr e:egcrt‘i\?: ::: t?:mi
literature 6-14, 15-24, 25-44, >5 years y since arr:IaI in the US
45-64, 65+ years
Empirical Screening thresholds Screen migrants from
data, model determined by TB incidence countries with TB incidence
. . i <
Pareek 2012 UK S|m::‘a:jt|on in country of origin 16-35 years <5 years >250 or 2150/100,000
. (increments of 50/100,000) resident <5 years
literature

National Institute for
Health Research




Cost-effectiveness of migrant screening
for latent tuberculosis: who to screen?

Type of
data

Conclusion on

Author Year | Location .
cost-effectiveness

Migrants to target for screening

Time since

Age .
g arrival

Regions/Countries of origin

High/intermediate and low

NMoado

Screen (recént) migrants from hlgh TB
burden settings but which age-groups
to screen is less clear

Various age groups

Screen foreign-born <65

. Model and considered: <5 years and . . .
Linas 2011 USA literature Not stated 6-14, 15-24, 25-44, >5 years ye:;:‘i:;ii::t;:i:: Ersne
45-64, 65+ years
Empirical . .
data, model Screening thresholds Screen migrants from

countries with TB incidence
2250 or 2150/100,000
resident <5 years

determined by TB incidence
in country of origin
(increments of 50/100,000)

Pareek 2012 UK simulation
and
literature

16-35 years <5 years

National Institute for
Health Research



Inconsistency and heterogeneity in
practice highlight need for more data

QuantiFERON

Gold in-tube Tuberculin skin test T-SPOT.TB

|

How and where to screen?




Methods of screening migrants are evolving
but certain questions unanswered

TSt {.fposmvTeIT 1 ~ IGRAalone
 IGRA |

time

Natonal Insttue fo Source: NICE 2006



Community-based LTBI screening with
single-step IGRA practicable and cost-effective

ORIGINAL ARTICLE

Community-based evaluation of immigrant
tuberculosis screening using interferon vy release
assays and tuberculin skin testing: observational
study and economic analysis

Manish Pareek,"? Marion Bond,® Jennifer Shorey,® Suranijith Seneviratne,”
Margaret Guy,® Peter White,®? Ajit Lalvani,” Onn Min Kon®

THORAX

An International Journal Of Respiratory Medicine

« Community-based comparison of different
screening methods in Westminster, London

National Institute for

Health Research Source: Pareek M et al Thorax 2012



Health-economics: Screening at intermediate threshold with
single-step QuantiFERON Gold in-tube but without port-of-entry
chest radiography most cost-effective

Table 4 Projected o
tools ot diffare;

= of active tuberculosis (TB) and associated cos
shalds {arranged in order of increasing effectivanass

s arising from

\dertaking immigrar

screening using different screening

i, fawer cases of active TB) for a hypothetical cahort of 10 000

Scraaning thrwshord
for mmigrants

Cazes of

Incremental cases
of active T8

Incromantal casts
£, 2010}

cXA at
wort of (cas 3
arrival Sareaning tool 100 000 per year)
Naaw None
s € 0

T aFm
TST plus T-SPOT.TE
151

s T-SPOY.TE

T-SPOT.TH
T-SPOT.TH

s

TST plus GFH

15T

TST plus T-SPOT.TE
TET plus OFN

TET piun T-SPOT.TE
5T

TST pius OFN
1-5POT.TE

phis T-SPOT.TE

T-SPOT.TE
TST plus QFH
TST plus T-5POT.TH

656800,
8905216
696 433.4
706 476.7
707 756.2
1163170
7016355

Banaling
a

d
d

Sirict dar
Extundud dorr
dar

* Health-economic model evaluated
70 different combinations of

screening

* CXR at port of entry

* LTBI screening tool

* LTBI screening threshold

Strict darminance
Extendud dom
e

Results...

TST pius aFN 12646663 Striot dominance Strict daminanca
Table 4 Continued

Screening for LTBI

Screening threshold Cases of

CXR at for immigrants aetive TB
port of (cases of TB/ lover 20 Costs Incremental cases Incremental costs
arrival Screening tool 100000 per year) years) (£, 2010) of active TB (£, 2010) ICER
No OFN 150 B43 10891765 8 2094626 8671
Yes TST plus T-SPOT.TB a0 83.9 13908196 Strict dominance Strict dominance Strict dominance
No TST a0 83 1587273, Strict dominance Strict dominance
No TSPOTTR 150 3.0 140B8730  Strict dominence Strict dominance Strict dominance
No oFN 100 826 11866300 Swict dominence Strict dominance Strict dominance
Yes 0N 150 2.7 11839069 Extended dominance  Extended dominance  Extended dominance
Yes TST 40 BT 16920035 Strict dominance Strict dominance Strict dominance
No TSPOTTE 100 BLS 166BS46E  Strict dominance Strict dominance Strict dominance
Yes T-SPOT.TE 150 Bl 15036034 Strict dominance Strict dominance Strict dominance
Yes L] 100 B2 12903645  Extended dominance  Extended dominance  Extended dominance
Yes T-SPOTTE 100 799 17612773 Strict dominance Strct dominance Strict dominance
No tEN a0 7.8 14148233 3254458 47535
Yes aFN W 734 15093537 16 94730.8 59489.1
No T-SPOT.TH 4 733 20851820 Extended dominance  Exiended dominance  Extended dominance
Yes T-SPOT.TE w ni 2199128 1.7 680558.7 02421.8

National Institute for
Health Research

Source: Pareek M et al Thorax 2012



Screening at intermediate threshold with single-step
QuantiFERON Gold in-tube but without port-of-entry chest
radiography most cost-effective

Screening . Costs over 20 ICER
Chest . Cases of active
. Screening tool(s) threshold years (GBP per TB
radiography TB (over 20
(per 100,000) - (2010 GB case
y pounds) averted)
No None None 100.5 659,609.4 Baseline

QFN-GIT 839,713.7

1,089,176.5

QFN-GIT

21,565.3
31,867.1

No QFN-GIT 40 74.9 1,414,623.3 34,753.5
Yes QFN-GIT 40 73.4 1,509,353.7 59,489.1
Yes T-SPOT.TB 40 71.7 2,189,912.4 402,421.8

National Institute for
Health Research

Source: Pareek M et al Thorax 2012



Cost-effectiveness of migrant screening for
latent tuberculosis: how to screen?

Incidence .. Model type Conclusion on
. Empirical . . . Assessment of
Author Year | Location Tools assessed threshold data (Decision-analysis cost-effectiveness cost-
assessed (DA) or Markov (M)) effectiveness
Schwartzman | 2000 | Canada CXR and TST No No DAand M S/ active TB case averted CXR
TST, IGRA,
NICE 2006 UK TST+IGRA Yes No DA £/QALY loss averted TST+IGRA
Oxlade 2007 | Canada CXR, TST, IGRA No No DA S/ active TB case averted CXR
TST, IGRA, TST+IGRA or
NICE 2011 UK TST+IGRA No No DA £/QALY loss averted IGRA
Pareek 2011 UK IGRA Yes Yes DA $/ active TB case averted IGRA
Linas 2011 USA TST vs IGRA No No M $/Life year gained IGRA
TST, IGRA, .
Pareek 2012 UK TSTHGRA Yes Yes DA S/ active TB case averted IGRA

National Institute for
Health Research



Cost-effectiveness of migrant screening
for latent tuberculosis: how to screen?

Incidence .. Model type Conclusion on
. Empirical . . . Assessment of
Author Year | Location Tools assessed threshold (Decision-analysis . cost-
data cost-effectiveness .
assessed (DA) or Markov (M)) effectiveness

Use single-step IGRA

Little data on which IGRA to use

Pareek 2011 IGRA Yes Yes DA $/ active TB case averted IGRA

Linas 2011 USA TST vs IGRA No No M $/Life year gained IGRA
TST, IGRA, .

Pareek 2012 UK TSTHGRA Yes Yes DA S/ active TB case averted IGRA

National Institute for
Health Research



Cost-effectiveness of migrant screening
for latent tuberculosis: where to screen?

as screening tools for latent TB in migrants
ompare no screening versus TST, IGRA or
TST+IGRA as screening tools for latent TB in

recent migrants. Assessment of screening

IGRA

TST, IGRA,
TST+IGRA

Model type
. . . Tools Empirical | (Decision-analysis Assessment of
Author Year | Location Aim of study/analysis assessed data (DA) or Markov cost-effectiveness
(M))
. . . CXR and S/ active TB case
Dasgupta 2000 | Canada Compare CXR and TST in screening migrants ST Yes DAand M averted
Compare CXR and TST in screening migrants .
Schwartzman | 2000 | Canada from hypothetical high, medium and low TB CXR and No DAand M >/ active TB case
. TST averted
burden settings
Khan 2002 USA .Compare T.ST versus ho s?reenmg for Iatent. TB TST vs .No No DA $/ active TB case
in recent migrants from different world regions | screening averted
Compare no screening versus TST, IGRA or
NICE 2006 UK TST+IGRA as screening tools for latent TB in TST, IGRA, No DA £/QALY loss
. TST+IGRA averted
recent migrants
Compare no screening versus TST, IGRA or CXR, TST, $/ active TB case
Oxlade 2007 | Canada TST+IGRA as screening tools for latent TB in IGRA, No DA
. averted
recent migrants TST+IGRA
Compare no screening versus TST, IGRA or
NICE 2011 | UK TST+IGRA as screening tools for latent TBin | =1 |GRA, No DA £/QALY loss
. TST+IGRA averted
recent migrants
Pareek 2011 UK Compare r.10 screerung versus IGRA screening at IGRA Yes DA £/ active TB case
different incidence thresholds averted
i +
Linas 2011 USA Compare no screening vs TST, IGRA or TST+IGRA TST vs No M $/Life year gained

S/ active TB case
averted

National Institute for
Health Research




Cost-effectiveness of migrant screening
for latent tuberculosis: where to screen?

Author Year | Location Type of data Screen ing locational assesse d Conclusion

Screen post-arrival

Community-based setting



Sensitivity analysis: cost-effectiveness
highly determined by certain parameters

Author Year | Location Parameters which make migrant screening more cost-effective

Dasgupta 2000 | Canada Increased risk of future disease, higher levels of compliance with medication

Higher prevalence of latent TB and HIV, prescription and completion of

Schwartzman | 2000 | Canada .
chemoprophylaxis

Khan 2002 USA Incidence of tuberculosis

NICE 2006 UK Prevalence of latent TB and rate of reactivation
Oxlade 2007 | Canada Rate of reactivation and completion of chemoprophylaxis

NICE 2011 UK Prevalence of latent TB and rate of reactivation
Pareek 2011 UK Prevalence of latent TB and rate of reactivation

Linas 2011 USA Rate of reactivation

Pareek 2012 UK Prevalence of latent TB and rate of reactivation

National Institute for
Health Research



Sensitivity analysis: cost-effectiveness
highly determined by certain parameters

Author Year | Location Parameters which make migrant screening more cost-effective

Prevalence of latent TB, reactivation
rate and operational factors affect cost-

effectiveness most significantly

Pareek 2011 UK Prevalence of latent TB and rate of reactivation
Linas 2011 USA Rate of reactivation
Pareek 2012 UK Prevalence of latent TB and rate of reactivation




Post-arrival, community-based screening
facilitates wider migrant health programmes

TB screening
HIV testing

Non-
communicable
diseases —
Hypertension/

Diabetes Hepatitis B/C

Post-arrival
screening

Vaccinations/
Maternal health

Immigrant screening




Areas for further research

Data on prevalence of latent TB in wide range of migrants

Data on the natural history of TB in migrants
— Reactivation rates

Age cut-offs for screening

How to operationalise screening
Acceptability of screening to migrants

m(g:ompletion rates for chemoprophylaxis

al Institute for
esearch



Concluding statements

Foreign-born individuals disproportionately bear the
TB burden in high-income countries

Reactivation of latent TB important

Migrant screening likely to comprise multiple elements
— Pre-arrival screening for active TB
— Targeted post arrival screening for LTBI

* Migrants from intermediate/high burden settings

* Single-step IGRA

Further research required in this area
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Thank you

Any questions/comments?
mp426@le.ac.uk



