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ABSTRACT

Objective

To assess the association between remote exposure to tuberculosis (TB) and
results of the tuberculin skin test (TST), and two interferon-gamma release assays
(IGRA), QuantiFERON-TB Gold in-tube (QFT-GIT) and T-SPOT.TB, in immigrant
contacts of sputum smear-positive TB patients.

Methods

Immigrants aged =16 years who were a close contact of a smear-positive TB
patient were included. QFT-GIT and T-SPOT. TB were performed if TST induration
was =5 mm. Associations between test results and origin from an endemic country
were assessed.

Results

Out of 433 close contacts, 322 (74%) had TST =25 mm and of these, 282 (88%)
had valid test results of all assays. Positive QFT-GIT results were obtained for
152/282 (54%) and positive T-SPOT.TB for 168/282 (60%). After adjustment for
age, gender and recent contact, positive IGRA results and TST results 210 mm
were more frequent among immigrants who originated from Africa, in particular
sub-Saharan Africa.

Conclusion

When IGRA are used to determine latent TB infection among foreign-born
individuals, positive findings not only relate to recent TB infection, but also
reflect prior TB exposure in the country of origin. This late reactivity will limit their
usefulness in contact investigations among immigrants originating from endemic
areas.
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INTRODUCTION

The incidence of tuberculosis (TB) in low-endemic areas, like Europe, declined
over the past decades (1-3). Yet, TB rates among foreign-born individuals living in
these areas remain high and account for more than 50% of new TB cases (1-3).
Possible explanations include limited testing and treatment of latent tuberculosis
infection (LTBI) since the tuberculin skin test (TST) is not routinely used in this
subpopulation. Until recently, routine practice in the Netherlands among foreign-
born contacts consisted of screening for active TB by chest radiography only.

One of the limitations of the TST is that it cannot distinguish recent from remote
infections. In the latter, the benefit of preventive therapy may not outweigh the risk
of side effects, since the risk of breakdown to disease is low.

T-SPOT.TB® and QuantiFERON-TB® Gold in-tube (QFT-GIT), interferon-y release
assays (IGRA), have been developed which measure T-cell responses to the
antigens ESAT-6 and CFP-10 (and TB 7.7 for QFT-GIT as well) that are specific
for M. tuberculosis (4;5). These assays offer more specific screening for LTBI in
BCG-vaccinated individuals. However it is unclear to what extent these assays
distinguish recent from remote infections (6).

Due to the lack of a gold standard for the diagnosis of LTBI, surrogate measures
have been used to evaluate IGRA, such as a gradient of recent exposure (7-
16). While some individual studies concluded that IGRA better correlate with an
exposure gradient (7-18), a meta-analysis concluded that the sensitivity of the
TST and IGRA was similar for individuals with different gradients of exposure (19).
So far most studies assessed only the correlation of IGRA with recent exposure,
without taking into account the possible effect of past infections, and none used
both QFT-GIT, T-SPOT.TB and TST in contact investigations among immigrants.

We assessed whether QFT-GIT, T-SPOT.TB and TST responses were influenced
by remote exposure to TB among immigrants with recent contact with a sputum-
smear positive TB patient.
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STUDY POPULATION AND METHODS

Study population

Between April 2005 and July 2007 immunocompetent close contacts of sputum-
smear positive TB patients aged 216 years who were born in a high TB endemic
country and visited one of the 15 participating municipal health services (MHSs)
were invited to participate. Furthermore we included second generation immigrants
if they were BCG-vaccinated and at least one of their parents was born in a TB
endemic country. Close contacts were individuals who had frequent (at least 3
times a week) and/or intensive contact (contact within a small closed space or
physically nearby) with the index patient (20). Excluded were individuals with:
diabetes mellitus, HIV/AIDS, a mental retardation, those diagnosed with TB
during the contact investigation, those given preventive therapy as decided by the
physician, and those not expected to adhere to the follow-up of this study.

TST

After written informed consent, participants received a chest X-ray and a TST
using 2 TU RT23 (Statens Serum Institute, Copenhagen, Denmark). If the TST
induration, measured after 48-72 hours, was 25 mm, blood samples were taken.
IGRA were performed only for contacts with TST indurations 25 mm since we
included only healthy, immuno-competent participants who are unlikely to have
false negative TST results. Therefore the risk of LTBI among contacts with TST
<5 mm was considered negligible. If <5 mm the TST was repeated 3 months later
and only followed by IGRA testing if =5 mm. Known past TST responders did not
undergo a TST, but blood was drawn during their first visit. Participants with TST
=5 mm were interviewed by MHS staff regarding medical history, BCG-vaccination
status and known remote exposure to TB patients.

IGRA

Both IGRA were performed in one laboratory. QFT-GIT was performed following
the manufacturers instructions (http://www.cellestis.com) (two-tube format).
At the start of the study the incubation of QFT-GIT tubes was allowed by the
manufacturer up until 72 hours, which was later reduced to 16-24 h. Samples
collected on a Friday were incubated until the following Monday, all other samples
were incubated about 24 hours. QFT-GIT results were expressed as positive or
negative, using the cut-off value of = 0.35 IU/ml.

T-SPOT.TB was performed following the manufacturers instructions (http://www.
oxfordimmunotec.com). When blood was obtained on Fridays, cells were isolated
and frozen at minus 152°C until testing. The number of spots was scored visually
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using a magnifying glass by two independent observers. In case of discrepancies,
both observers reread the wells until agreement was reached. Interpretation of the
results was according the latest manufacturers instructions.

Ethical approval for this study was obtained from the Netherlands Central
Committee on Research Involving Human Subjects (CCMO, P04.1214C).

Statistical analysis

Concordance between the different assays was assessed using « coefficients.
The McNemar test was used to determine interassay agreement. Categorical
variables were compared using the Chi-square test. Associations between test
results and remote exposure, defined as birth in a country outside Europe and
North America, were assessed by logistic regression. The analysis was limited to
subjects who were tested with both IGRA and TST. TST indurations =210 mm were
considered positive in the analysis of risk factors associated with a positive TST.
This analysis was also performed with a TST cut-off of 15 mm, in order to increase
the specificity of TST (comparing TST 5-14 mm with TST =15). To quantify the
influence of previous exposure, the attributable fraction (AF) was calculated. The
AF represents the proportion of cases that is attributable to a certain risk factor,
i.e. would not have occurred if that risk factor would be completely eliminated. In
this study the AF represents the proportion of contacts with a positive test that
is attributable to birth in an endemic country. The AF is calculated as (risk ratio
-1) / risk ratio (21). This risk ratio was based on the adjusted model, comparing
the risk of a positive test in individuals born in South America, Asia, sub-Saharan
Africa, or Other Africa (exposure group) to those born in Europe or North America
(reference group). Statistical analyses were performed using SPSS 14.0 for
Windows (Chicago, IL, USA).
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RESULTS

Within the study period 380 contact investigations around contagious TB patients
were executed, including 812 foreign-born contacts aged =16 years (Figure 1).
Among these 812, 97 contacts were excluded because they did not meet the
inclusion criteria (n=66), were diagnosed with active tuberculosis during the
contact investigation (n=14) or were prescribed preventive treatment (n=17).
Another 282 contacts could not be included since they did not return for TST
reading (n=11), were not asked to participate in the study (n=167) or did not give
informed consent (n=104). Compared to contacts who had not been approached
or did not provide informed consent (n=282), those who participated (n=433) were
significantly more often born in a country in South America and less often in non-
sub-Saharan African countries compared to Asia, and were less often the partner
or sibling of the index case than a colleague or schoolmate. Characteristics of
participants and non-participants are listed in Table 1.

TST results were <5 mm in 94/433, 25 mm in 322/433, and 17 contacts were
known TST positive. Valid outcomes of QFT-GIT and T-SPOT. TB for participants
with TST =25 mm were available for 282 individuals (Figure 1). The majority of
participants (163/282=57.8%) had a TST induration of 215 mm, while 26.9%
had an induration of 10-14 mm and 15.2% of 5-9 mm. Overall, QFT-GIT was
positive in 53.9% while 59.6% were positive in the T-SPOT.TB. The T-SPOT.TB
was performed with fresh material in 211/282 (74.8%) and with frozen and thawed
cells in 71/282 (25.2%) (maximum interval between freezing and thawing was 207
days with an average of 95 days). The percentage of positive T-SPOT. TB results
for samples that were fresh (58.3%) did not differ significantly from the percentage
for frozen samples (63.4%, p=0.450). The agreement between the TST and both
IGRA was poor using a TST cut-off value of 15 mm, decreasing further when 10
mm was used as cut-off (Table 2A). In contrast, there was a strong correlation
between QFT-GIT and T-SPOT.TB (Table 2B) even though the outcome of both
tests differed significantly (p=0.023). T-SPOT.TB was more often positive than
QFT-GIT, especially in individuals with smaller TST indurations (Figure 2).
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3086 Close contacts

2016(65.3%) Dutch-born contacts

1070 (34.7%)Foreign-born contacts

258 (24.1%)Age < 16 years

812 (75.9%)Age> 16 years

Not asked to participate in the study 167

|| No consent given 104
TST not read 11
Total 282 (34.7%)

Exclusion because of exclusion criteria 66

| | Diagnosed with active TB 14
Preventive therapy started 17
Total 97 (11.9%)

433 (53.3%)Informed consent

94 (21.7%)TST <5mm 322 (74.4%)TST>=5mm 17 (3.9%) TST known positive
' |
No blood 12 (3.7%) Blood
collection collection failed 19 (5.9%) 291(90.4%) 17 (100%)
Only QFT-GIT QFT-GIT, TSPOT QFT-GIT, TSPOT
282 (96.9%) 9 (3.1%)

Usable test results Failure of TSPOT
of both QFT-GIT
and TSPOT

Figure 1. Flow diagram of the study population.
IGRA = Interferon-y Release Assay

TB = tuberculosis

TST = tuberculin skin test

QFT-GIT = QuantiFERON-TB Gold in-tube
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Table 1. Comparison of characteristics between eligible participants who participate
and those who did not participate

Total 433/715 (60.6)

Gender

Male 238/402 (59.2) 1

Female 188/300 (62.7) 1.16 (0.85-1.57) 0.353
Unknown 7/13 (53.8)

Age

16-24 94/159 (59.1) 1

25-34 104/197 (62.8) 0.77 (0.51-1.18) 0.233
35-44 131/198 (66.2) 1.35(0.88-2.08) 0.171
45+ 104/161 (64.6) 1.26 (0.80-1.98) 0.314
Continent of birth

Europe, North America 36/68 (52.9) 0.64 (0.37-1.10) 0.109
South America 35/41 (85.4) 3.33(1.35-8.22)  0.009
Asia 156/245 (63.7) 1

Other Africa 121/225 (53.8) 0.66 (0.46-0.96) 0.030
Sub-Saharan Africa 76/108 (70.4)  1.36 (0.83-2.21) 0.223
Unknown 9/28 (32.1)

Incidence in country of origin

<50/100.000 130/220 (59.1) 1 0.331
=50/100.000 294/467 (63.0) 1.18 (0.85-1.63)
Unknown 9/28 (32.1)

Recent contact

Household contact 137/207 (66.2) 1 0.193
Non-household contact 253/416 (60.8) 0.79 (0.56-1.12)
Unknown 43/92 (46.7)

Frequency of contact

Daily (>3x/wk) 327/536 (61.0) 1 0.153
Weekly 37/52 (71.2) 1.58 (0.84-2.94)
Unknown 69/127 (54.3)

Relation to index patient

Partner 27/57 (47.4) 0.46 (0.23-0.90) 0.023
Brother /sister 19/41 (46.3) 0.44 (0.21-0.93) 0.032
Father / mother 32/43 (74.4) 1.48 (0.66-3.32) 0.344
Other family 126/202 (62.4) 0.84 (0.50-1.41) 0.516
Friend / relative 47/73 (64.4) 0.92 (0.48-1.75) 0.797
Colleague / schoolmate 61/92 (66.3) 1

Other 79/140 (56.4) 0.66 (0.38-1.14) 0.658

Unknown

42/67 (62.7)

Definition of abbreviations: OR = odds ratio; Cl = Confidence interval
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Table 2A. Agreement between interferon-y release assays and tuberculin skin test
results of immigrant close contacts

QFT-GIT result

Negative (n=130) 84 (64.6) 46 (35.4) 33 (25.4) 97 (74.6)
Positive (n=152) 35 (23.0) 117 (77.0) 10 (6.6) 142 (93.4)
Agreement, % 71.3 62.1

K 0.418 0.198

T-SPOT.TB result

Negative (n=114) 74 (64.9) 40 (35.1) 29 (25.4) 85 (74.6)
Positive (n=168) 45 (26.8) 123 (73.2) 14 (8.3) 154 (91.7)
Agreement, % 69.9 64.9

K 0.379 0.190

Definition of abbreviations: QFT-GIT = QuantiFERON-TB Gold in-tube
Data are expressed as number (%).

Table 2B. Agreement between QuantiFERON-TB Gold in-tube and T-SPOT. TB results
of immigrant close contacts

QFT-GIT result

Negative 100 (76.9) 30 (23.1)
Positive 14 (9.2) 138 (90.8)
Agreement, % 84.4

K 0.683

Definition of abbreviations: QFT-GIT = QuantiFERON-TB Gold in-tube
Data are expressed as number (%).
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100+

60+

50+
C3JQFT-GIT- T.SPOT.TB-

OIDQFT-GIT+ T.SPOT.TB-
EE3 QFT-GIT- T.SPOT.TB+
I QFT-GIT+ T.SPOT.TB+

Percentage

40-

304

204

10+

L) L) L)
59 10-14 15+
TST (mm)

Figure 2. Percentage of concordant and discordant IGRA results per TST category
QFT-GIT = QuantiFERON-TB Gold in-tube

TST = tuberculin skin test

Mm = millimeter

TST results did not differ between household and non-household contacts (Table
3). After adjustment for age, gender and the degree of recent contact (being a
household contact or not), individuals originating from sub-Saharan Africa more
often had positive TST results than those from Asia. When repeating the analysis
with a cut-off of 15 mm for TST, similar results were obtained, with slightly higher risk
estimations. Positive QFT-GIT and T-SPOT. TB results were more frequent in older
individuals. Furthermore, univariate analysis showed that previous participation in
a contact investigation was strongly associated with a positive QF T-GIT (OR=3.36;
95% CIl 1.43-9.21) and T-SPOT.TB result (OR=2.80; 95% CI 1.10-7.12) as was
a history of past TB. Individuals with a history of daily smoking had more often
a negative T-SPOT.TB than never smokers (OR=0.57; 95% CI 0.35-0.93). This
effect was not significant for QF T-GIT (OR=0.64; 95% CI 0.39-1.03).

In the multivariate analysis the independent risk of a positive IGRA result for
different regions of origin was assessed; after adjustment for age, gender and
recent exposure (household or non-household contact), origin from sub-Saharan
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Africa or other African countries were associated with a positive outcome of both
IGRA (Table 4 and Table 5). Participation in previous contact investigation did not
significantly improve the multivariate model.

The AF for remote exposure of a positive test was, after adjustment, (3.22-
1)/3.22=0.69 (95% CI 0.17-0.88) for QFT-GIT, (4.41-1)/4.41=0.77 (95% CI 0.40-
0.91) for TSPOT.TB and (0.73-1)/0.73=-0.37 (95% CI -3.88-0.62) for TST at a
cut-off of 10 mm.
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Table 3. Risk factors for a positive TST (2 10 mm) compared to those with a TST

reaction of 5-9 mm and the adjusted risk for country of origin for a positive TST among

282 immigrant contacts in the Netherlands with valid TST and IGRA results

Total

Gender
Male
Female

Age
16-24
25-34
35-44
45+

Continent of birth

Europe,

North America
South America
Asia

Other Africa

Sub-Saharan Africa

Unknown

BCG scar present

No

Yes

Unknown
Recent contact

Household contact

Non-household
contact
Unknown

TB in the past
No

Yes

Unknown
Previous

in contact
investigation
No

Yes

Unknown

Ever smoked daily

No
Yes
Unknown

239/282 (84.8)

140/164 (85.4)
99/118 (83.9)

38/48 (79.2
56/70 (80.0
81/91 (89.0
64/73 (87.7

~———~—

20/23 (87.0

)
13/19 (68.4)
85/103 (82.5)
70/84 (83.3)
49/51 (96.1)
2/2 (100)

34/37 (91.9)
193/233 (82.8)
12/12 (100)

79/94 (84.0)

131/157 (83.4)
29/31 (93.5)

231/273 (84.6)
5/5 (100)
3/4 (75.0)

213/251 (84.9)
24/29 (82.8)
2/2 (100)

128/146 (87.7)
105/128 (82.0)
6/8 (75.0)

1
0.89 (0.46-1.72)

1
1.05 (0.42-2.62)
2.13 (0.82-5.55)
1.87 (0.70-5.02)

1.41 (0.38-5.26)
0.46 (0.15-1.37)

N

(0.49-2.28)

0
19 (1.16-23.31)

1.06
5.19

1
0.43 (0.13-1.45)

1
0.96 (0.48-1.92)

1

1
0.86 (0.31-2.38)

1
0.64 (0.33-1.25)

0.736

0.211t

0.0311

0.133

0.900

0.198

0.769

0.192

1
1.07 (0.53-2.16)

1
1.02 (0.39-2.67)
2.16 (0.78-5.99)
1.67 (0.60-4.66)

1.69 (0.44-6.45)
0.48 (0.15-1.48)
1

1.17 (0.51-2.69)
6.00 (1.32-27.24)

1
1.01 (0.49-2.09)

0.854

0.323

0.018

0.981

* Data are expressed as N/N (%)
1 Chi-square for trend

Definition of abbreviations: OR = odds ratio; Cl = Confidence interval; n.s = not
significant; NA= not applicable
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Table 4. Risk factors for a positive QuantiFERON-TB Gold in-tube and the adjusted
risk for country of origin for a positive QuantiFERON-TB Gold in-tube among 282
immigrant contacts in the Netherlands

Total 152/282 (53.9)

Gender

Male 88/164 (53.7) 1 0.923 1 0.446
Female 64/118 (54.2) 1.02 (0.64-1.64) 1.23 (0.72-2.11)

Age

16-24 20/48 (41.7) 1 0.015t 1 0.175
25-34 37/70 (52.9) 1.57 (0.75-3.29) 1.42 (0.64-3.16)

35-44 47/91 (51.6) 1.50 (0.74-3.03) 1.48 (0.69-3.20)

45+ 48/73 (65.8) 2.69 (1.27-5.69) 2.44 (1.09-5.49)
Continent of birth

Europe, North 6/23 (26.1) 0.39 (0.14-1.07) 0.48 (0.17-1.36)
America

South America 7/19 (36.8) 0.64 (0.23-1.76) 0.64 (0.23-1.83)

Asia 49/103 (47.6) 1 <0.0011 1 0.001
Other Africa 54/84 (64.3) 1.98 (1.10-3.58) 2.20 (1.13-4.30)
Sub-Saharan Africa 36/51 (70.6)  2.65 (1.29-5.41) 2.97 (1.40-6.27)
Unknown 0/2 (0)

BCG scar present

No 23/37 (62.2) 1 0.225

Yes 120/233 (51.5) 0.65 (0.32-1.32)

Unknown 9/12 (75.0)

Recent contact

Household contact 54/94 (57.4) 1 0.137 1 0.171
Non-household 75/157 (47.8) 0.68 (0.41-1.13) 0.68 (0.39-1.18)
contact

Unknown 23/31 (74.2)

TB in the past

No 147/273 (96.8) 1 0.783

Yes 3/5 (60.0) 1.13 (0.21-7.82)

Unknown 2/4 (50.0)

Previous

in contact

investigation

No 129/251 (51.4) 1 0.003

Yes 23/29 (79.3) 3.62 (1.43-9.21)

Unknown 0/2 (0)

Ever smoked daily

No 86/146 (58.9) 1 0.062

Yes 61/128 (47.7) 0.64 (0.39-1.03)

Unknown 5/8 (62.5)

* Data are expressed as N/N (%)

t Chi-square for trend

Definition of abbreviations: OR = odds ratio; Cl = Confidence interval; n.s = not
significant
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Table 5. Risk factors for a positive T-SPOT.TB and the adjusted risk for country of
origin for a positive T-SPOT.TB among 282 immigrant contacts in the Netherlands

Total 168/282 (59.6)

Gender

Male 94/164 (57.3) 1 0.362 1 0.206
Female 74/118 (62.7) 1.25(0.77-2.03) 1.42 (0.82-2.46)
Age

16-24 24/48 (50.0) 1 0.0321 1 0.314
25-34 41/70 (58.6) 1.41 (0.68-2.96) 1.30 (0.59-2.89)

35-44 51/91 (56.0) 1.28 (0.63-2.57) 1.42 (0.66-3.05)

45+ 52/73 (71.2) 2.48 (1.16-5.29) 2.14 (0.94-4.84)
Continent of birth

Europe, North 6/23 (26.1) 0.29 (0.10-0.78) 0.35 (0.13-0.99)
America

South America 10/19 (52.6) 0.90 (0.34-2.39) 0.91 (0.33-2.51)

Asia 57/103 (55.3) 1 0.001+ 1 <0.001
Other Africa 58/84 (69.0) 1.80 (0.98-3.29) 2.43 (1.22-4.86)
Sub-Saharan Africa 37/51 (72.5) 2.13 (1.03-4.41) 2.40 (1.13-5.10)
Unknown 0/2 (0)

BCG scar present

No 24/37 (64.9) 1 0.452

Yes 136/233 (58.4) 0.76 (0.67-1.57)

Unknown 8/12 (66.7)

Recent contact

Household contact 59/94 (62.8) 1 0.252 1 0.292
Non-household 87/157 (55.4) 0.74 (0.44-1.24) 0.74 (0.42-1.30)
contact

Unknown 22/31 (71.0)

TB in the past

No 161/273 (59.0) 0.022

Yes 5/5 (100) NA

Unknown 2/4 (50.0)

Previous

in contact

investigation

No 145/251 (57.8) 1 0.020

Yes 23/29 (79.3) 2.80 (1.10-7.12)

Unknown 0/2 (0)

Ever smoked daily

No 97/146 (66.4) 1 0.025

Yes 68/128 (53.1) 0.57 (0.35-0.93)

Unknown 3/8 (37.5)

* Data are expressed as N/N (%)

1 Chi-square for trend

Definition of abbreviations: OR = odds ratio; Cl = Confidence interval; n.s = not
significant
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DISCUSSION

The main finding of this study is that among foreign-born individuals tested in
a contact investigation, a positive IGRA not only relates to possible recent TB
infection but also to exposure to TB in their country of origin. Such persistently
positive IGRA responses following past infection may limit the usefulness of IGRA
to identify those foreign-born individuals in a contact investigation who may benefit
from preventive treatment.

Several limitations need to be addressed. Firstly, we were unable to include all
eligible individuals. Since individuals who did not participate were slightly more
often a partner, brother or sister of the index patient or originating from non-sub-
Saharan African countries, our results are slightly less representative for these
groups. We found that 54-60% of immigrant contacts with TST =25 mm were
positive in one of the IGRA which corresponds with 40-45% of all contacts. This
percentage was similar to that reported in other contact studies using IGRA
among close contacts from endemic countries (7;11;23;24). Thus, although we
cannot completely exclude that selection of cases occurred, it is unlikely to have
affected the overall representativeness of our findings. Secondly, the fact that
samples obtained on Fridays were frozen and the T-SPOT.TB was performed later
may have affected our results. However, one study reported that it is possible
to perform this assay on frozen cells and we did not observe a difference in the
percentage of positive results between fresh and frozen T-SPOT.TB assays (25).
Thirdly, we did not perform IGRA among contacts with TST <5mm. More research
will be needed to evaluate the IGRA in this specific group as well as in immuno-
compromised individuals. This may have resulted in an underestimation of the
association between age, recent contact and positive test results. We sampled
blood for IGRA at the day of TST reading. It has been argued that TST can boost
IGRA testing, hampering its interpretation. Previously we showed that boosting of
IGRA testing does not occur when blood for the IGRA is collected on the day of
TST reading (26). Other studies showed that boosting of IGRA occurred when the
assays were performed several weeks after the TST (27-29).

QFT-GIT and T-SPOT.TB, considered more specific to detect TB infection than
the TST, were both independently associated with increasing age and origin from
either sub-Saharan Africa or other African countries. This is in line with a study
in Norway where up to 29% of immigrants from high endemic countries were
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QFT-GIT positive at entry, also implying the presence of remote infections (30).
The AF suggests that positive TST results were not attributable to exposure in
the country of origin. The AF for TST found in our study might be influenced by
false positive TST results induced by BCG-vaccination or infections with other
non-tuberculous Mycobacteria (NTM) and therefore underestimate the influence
of previous exposure on TST. However, since the IGRA are considered to be
influenced neither by BCG-vaccination nor by most NTM infections, the AF
estimates for both IGRA more reliable reflect the influence of previous exposure
than the one for TST. In 69-77% of close contacts with positive IGRA results these
were attributable to previous exposure in the country of origin. One limitation of
the AF is that if several causal factors coexist, the sum of AFs of each adds up
to more than 100%. Therefore a part of the proportion of positive results that was
attributable to previous exposure can be the result of another causal factor that
was not measured in our study. Furthermore, we cannot exclude the possibility
that the proxy we used for previous exposure to tuberculosis in the country of
origin may be related to other factors than increased exposure alone. Since only
a number of our participants were born in Europe or North America this may have
affected the power of our AF estimates. The AF found in our study may not be
applicable for populations that differ greatly in composition from that described in
this study.

Speculating on the immunological explanation of this finding, it is likely that
immigrants have been exposed repeatedly in their country of birth. This boosting
of the immune response to M. tuberculosis antigens may have resulted in a
persistent pool of circulating responsive cells, which can be activated even within
the short incubation period of the IGRA. It needs to be investigated whether this
implies that these individuals have an excellent protection against TB or that they
are still in danger of progression to active TB. Long term follow-up studies are
needed to determine the predictive value of IGRA for breakdown to active TB. The
contacts in this study are therefore being followed for two years to determine the
predictive value of the IGRA in this cohort.

Previous studies performed among close contacts in different settings showed
a better correlation both for QFT and for T-SPOT.TB with recent exposure
(closeness of contact) as compared to TST (7-18). They were performed mainly
among contacts with a relatively low risk of previous infection, while our study was
restricted to close contacts with a high risk of recent exposure.
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CONCLUSIONS

In conclusion, IGRA responses among recently TB exposed immigrant close
contacts were influenced by remote exposure to TB in the country of origin.
Especially immigrants originating from (sub-Saharan) Africa more often had positive
IGRA results, which could not be explained by differences in recent exposure.
Positive IGRA results among immigrants should therefore not indiscriminately be
considered to reflect recent infection.
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