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A literature review was performed to assess the effectiveness
of tuberculosis (TB) contact tracing among migrants and the
foreign-born population with emphasis on the European Union.
Effectiveness of contact tracing was assessed using the following
indicators: coverage, proportion of contacts with TB (TB yield),
proportion of contacts with latent tuberculosis infection (LTBI yield)
and number of investigated contacts per index case (contacts/
index case ratio). The key findings from the literature review were:
Among foreign-born contacts, a higher median LTBI yield was found
compared with contacts born in the country, when exposed to the
same foreign-born index cases. No clear differences were observed
between TB and LTBI yield among contacts of foreign-born index
cases compared with contacts of index cases from the general
population (including the foreign-born) due to the large variation
seen between the studies. The included non-European studies
screened more contacts per foreign-born index case, used lower
cut-off values to define a positive tuberculosis skin test and found
higher LTBI yields among contacts. Although the high heterogeneity
across the studies made the comparison challenging, several
conclusions are made regarding contact tracing among migrants.

Introduction

Contact tracing is regarded as an effective strategy to identify
recently infected individuals and has become an essential
component of the tuberculosis (TB) control strategy in most low-
incidence countries [1-4].

In most European countries, migrants and foreign-born account
for a large proportion of TB patients, ranging from 9% to 76% [5].
Their risk of infection and progression to disease might differ from
the local-born population (for the purpose of this paper, the term
‘local-born’ will be used in the sense of ‘born in the country’) due
to increased exposure to TB in their country of origin [6]. Diagnostic
results may need to be interpreted differently among migrants due
to the high level of people in this group who are vaccinated with
Bacillus Calmette-Guérin (BCG) and to the high prevalence of
latent tuberculosis infection (LTBI) [6]. Some countries with a high
prevalence of tuberculosis also have a high prevalence of human
immunodeficiency virus (HIV) and high co-infection rates. Diagnosis
of both latent TB infection and active TB are more complicated
in this population. Particularly, interpretation of the results of the

tuberculosis skin test (TST) is often made difficult due to the high
number of false negative results.

Regardless of the strategy used to detect TB and LTBI among
migrants, it needs to be effective in the group that is targeted.
Underwood et al. compared contact tracing with new entrant
screening in East London and concluded that contact tracing
was more effective in detecting and preventing tuberculosis than
new entrant screening, mainly because contact tracing selects for
families or communities at particularly high risk [71.

The above issues need careful evaluation when performing
contact tracing among the migrants and foreign-born.

Contact tracing in general serves different purposes [4]:

e |dentifying individuals with TB disease or LTBI among the
contacts of a TB patient and providing adequate treatment or
follow-up;

e Reducing morbidity and mortality due to TB among newly
infected individuals;

e Reducing further transmission.

e The objective of this review is to assess the effectiveness of TB
contact tracing among migrants and the foreign-born population,
hereafter referred to as foreign-born, with emphasis on the
European Union (EU).

Methods

Literature search

The online reference databases PubMed and Cochrane were
searched using keywords combinations of TUBERCUL(OSIS)
and IMMIGRANT(S) (or MIGRANT(S) or ASYLUM SEEKER(S)
or REFUGEE(S) or FOREIGN-BORN or NEW ENTRANTS) and
CONTACT (TRACING or INVESTIGATION or EXAMINATION). The
search was limited to publications in English from the last 10 years.
Additional references were obtained via the reference lists of the
articles found through the search engines. Articles published up
to June 2008 were included. Titles and abstracts were screened
to sort the relevant papers from the non-relevant ones. Abstracts
and where available full text of relevant papers were thoroughly
screened and classified as A, B, C or D:
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A: Randomised comparative research, where intervention and
control are randomly assigned to receive a certain screening
programme/test;

B: Studies reporting yield and/or coverage of contact tracing
among the foreign-born by any given strategy (i.e. stone-in-the-pond
principle, workplace contacts only) or any given method (chest X-ray
(CXR), tuberculin skin test (TST), interferon gamma release assays
(IGRA), symptom screening);

C: Studies reporting on contact tracing among the foreign-born
but not reporting yield or coverage data;

D: Studies discussing policies and strategies of contact tracing
at country or regional level in relation to public health/epidemiology
as well as studies on the cost-effectiveness of contact tracing.
Studies that reported contact tracing but did not relate to foreign-
born people were also included in this group.

This classification was adapted for contact tracing studies from
the classification used by Klinkenberg et al. for studies into the
effectiveness of TB screening strategies for migrants [8].

Data Extraction

A datasheet was designed to extract data from articles classified
A and B. We did not attempt to obtain original data. Articles
classified C and D were used for discussion of the findings. In
some studies, no differentiation was made between foreign-born
and local-born index cases and therefore the term “index cases
from the general population” was used.

Definitions

Index case: the initial patient diagnosed with TB.

Contact: a person who may have been exposed to the index case
during the infectious phase.

LTBI yield: the proportion of LTBI cases detected among the
total number of fully investigated contacts.

TB yield: the proportion of TB cases detected among the total
number of fully investigated contacts.

Coverage: the proportion of investigated contacts (for LTBI)
relative to the total number of listed contacts.

Contacts/index case ratio: the number of fully investigated
contacts (for LTBI and TB) per index case.

LTBI treatment rate: the proportion of infected contacts that
started LTBI treatment relative to the total number of eligible
infected contacts.

LTBI treatment completion rate: proportion of contacts that
completed LTBI treatment relative to the total number of infected
contacts that started LTBI treatment.

Stone-in-the-pond or ring principle: a strategy wherein contacts
are indentified in concentric circles around the index case,
depending on the frequency and intimacy of their contact [9].

Definitions for the expressions migrant, asylum seeker, foreign-
born and illegal migrant were adapted from Rieder et al. [10].

Definitions of closeness of contacts where adapted from
Kamphorst et al. [4].

Effectiveness of contact tracing

The following indicators, based on recommendations by the
United States Centers for Disease Control and Prevention (CDC)
in 2005, were used to assess the effectiveness of contact tracing
[11]: coverage, TByield, LTBI yield and contacts/index case ratio.
The higher the values of these indicators, the more effective they
were considered to be. For the sake of consistency the different

indicators were recalculated where possible using the same
definition across all studies.

Because the strategy and the context of contact tracing across the
studies differed considerably (depending on setting, infectiousness
of the index case, media interest etc.), five analytical approaches
were identified and followed:

1. Assessment of studies describing contact tracing for one
foreign-born index case.

2. Assessment of studies reporting pooled results of smaller
contact investigations exercises. For these studies, outcomes for
foreign-born index cases were compared with outcomes for index
cases from the general population (including foreign-born index
cases) to assess differences in outcomes.

3. Assessment of differences in transmission of TB infection
from foreign-born index cases to foreign-born contacts and local-
born contacts.

4. Evaluation of whether the closeness of contacts affected the
effectiveness of contact tracing.

5. Comparison between European and non-European studies
with regards to the effectiveness of contact tracing.

Because only few studies reported yield among contacts by
sputum status of the index case, data were not sufficient to present
stratified results for this.

The results of three contact investigations described by Kim et
al. were pooled to be included under approach 2, as all three were
large scale investigations in a similar setting using a comparable
strategy [12].

Results

Literature search

A total of 112 (non-duplicate) references were found using the
search terms. A further six studies were found via the references of
relevant articles. In addition, one study was found when PubMed
was searched for studies not written in English, making it a total
of 119 studies. After thorough screening of abstract and, where
available, full paper, 70 papers were considered relevant and given
a classification of A, B, C or D. No papers were classified as category
A. Eighteen papers were classified B, of which six were from EU
countries [13-18] and twelve from non-EU countries [12,19-29].
Table 1 provides an overview of the key parameters extracted from
the eighteen B-classified studies.

Contact tracing strategies

No uniform contact tracing strategy was used across the selected
studies. In six studies, the stone-in-the-pond principle was used

TABLE 1

Overview of contacts/index case ratio, coverage, TB yield
and LTBI yield reported in the 18 B-classified studies

Parameter Proportion (interquartile range) [range]

No. of papers 18
7.5 (4.4-71.5) [ 3.0-475]

Contacts/index case ratio

Coverage 73.5% (39.3-82.3) [ 29.1-93.3]
TB yield 0.44% (0.00-2.15) [ 0.00-14.08]
LTBI yield 31.9% (16.9-36.9) [ 0.0-44.4]

LTBI treatment started

[
83.1% (72.9-94.6) [69.1-100]
[

LTBI treatment completed 63.6% (56.4-67.2) [43.5-78.6]
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[14,16-19,211]. In three studies, only workplace contacts were
investigated. In the study by Gulati et al., the workplace contact
investigation consisted of four components [22]: 1) interview with
the index case; 2) a qualitative evaluation of the buildings and
their ventilation systems; 3) screening of the co-workers; and
4) interviews with co-workers. The other two studies focused on
workplace contacts because the index cases were foreign-born
healthcare workers [13,26]. In two studies, only close contacts were
screened [24,27] and in one study only household contacts [20].
In the remaining six studies, the contact tracing strategy was not
clearly described, mainly because these were retrospective studies
that used pooled data of various contact investigations.

With regard to the five analytical approaches described in the
methods section, the following was found:

1. Studies with one index case of active tuberculosis

Five studies reported contact tracing activities around one
foreign-born index case (Table 2). The median TB yield reported
was 0.0% (interquartile range (IQR) 0.0-3.52). The median LTBI
yield reported was 28.9% (IQR 12.7-37.1). A median of 89.2%
(IQR 81.3-94.8) of the eligible LTBI identified contacts started
preventive treatment, of whom a median of 66.7% (IQR 55.1-
72.6) completed the preventive treatment.

2. Studies with pooled results of contact investigations
In Table 3, studies with pooled results of different contact
investigations are presented.

TB yields among contacts of exclusively foreign-born index
cases were in the same range as among contacts of index cases

TABLE 2

from the general population (median TB yield of 0.63% (IQR 0.5—
1.3%) versus 0.46% (IQR 0.0-2.2%)) The median LTBI yield
seemed slightly higher among contacts of foreign-born index cases
compared with contacts of index cases from the general population,
being 39.1% (IQR 20.6-43.7%) and 33.7% (IQR 28.5-36.2%),
respectively.

3. Foreign-born and local-born contacts from the same index case

Four studies reported separately on LTBI (but not TB disease)
detected among foreign-born contacts and local-born contacts, with
both groups exposed to the same foreign-born index cases (Table
4). The LTBI yield among foreign-born contacts was notably higher
than among local-born contacts (median 48.9% versus 12.1%)
except in one study: Verver et al. reported a slightly higher LTBI
yield among local-born contacts than among foreign-born contacts
[17]. The contacts/index case ratio found in foreign-born contacts
and local-born contacts in these studies was similar (medians of
44.0 and 43.0, respectively).

4. Yield in close contacts and non-close contacts

The effect of closeness of contacts was assessed by comparing
findings among close and non-close contacts from foreign-born
index cases and index cases from the general population (Table 5).

The results indicate a slightly higher median LTBI yield in close
contacts of foreign-born index cases than of index cases from the
general population (median 43.7% and 37.0%, respectively),
although the interquartile ranges are overlapping. In non-close
contacts, the median LTBI yield is higher among contacts of index
cases from the general population than among contacts of foreign-
born index cases (median 29.0% versus 15.4%). However, the

Variables of effectiveness in studies reporting contact tracing in studies with one foreign-born index case

Country/region of origin Contacts/ index

Country

Coverage (%)

T8 yield (%) LTBI yield (%)

index case case ratio (n)
The Netherlands Algeria n.r. n.r. 0.00 12.72 [18]
United States The Philippines 475 29.1 0.00 5.3b [26]
United States n.r. (foreign-born) 63 n.r 14.1 L4, 4D [25]
United States El Salvador 97 93.3 n.r. 37.1b [22]
United States Central America 218 82.6 0.00 28.9° [23]
- - 157.5 (88.5-282.3) 82.6 (55.9-87.9) 0.0 (0.0-3.52) 28.9 (12.7-37.1) Median (IQR)

IQR= interquartile range; n.r.= not reported.

a TST+ was defined as an induration of >10 mm; ® TST+ was defined as an induration of =5 mm.
Note: In one of the five studies, TB yield was not reported as the paper focused on risk factars for LTBI. In three studies, no contacts with TB were detected [ 18,23,26].

The fourth study found 10 cases among 71 contacts [25].

TABLE 3

Median with interquartile range of effectiveness indicators for studies with pooled results of contact investigations

No. of Median proportion of

Contacts/index case

studies md?f)t;:ea-isg?-}:gﬁare ratio (n) Coverage (%) TB yield (%) LTBI yield (%) References
6 100% 5.7 (4.8-12.3) 79.7 (76.0-81.9) 0.63 (0.48-1.31) 39.1 (20.6-43.7) [12,14,17,19,21,24]
9 (51 55‘"3'500 0) 5.1 (4.1-6.9) 79.2 (75.3-83.1) 0.46 (0.04-2.15) 33.7 (28.5-36.2) [13,15,16,20,21,24,27-29]
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interquartile ranges are similar. The large difference reported in the ~ median TB yield was comparable between EU studies (0.44%, IQR
contacts/index case ratio between non-close contacts of foreign-  0.2-1.5%) and non-EU studies (0.60%, IQR 0.0-1.1%).
born index cases and those derived from index cases from the
general population (48.0 and 2.6, respectively) is due to the fact 6. Sputum smear status of the index case
that the data for the first group were mainly obtained in studies Sixteen of the 18 studies included in this review reported
reporting on one large contact investigation. The high contacts/  sputum smear status of the index case. However, only six of them
index case ratio may also explain the lower LTBI yield found in  compared outcomes by sputum smear status [15-17,24,27,29].
non-close contacts of foreign-born index cases. For these, a higher LTBI yield was found among contacts of sputum

Interestingly, the median TB yield found among close contacts  smear-positive index cases than among smear-negative index cases.
of index cases from the general population was higher than among  An interesting difference regarding smear status was reported by
close contacts of foreign-born index cases (median 2.2% and 0.0%,  Golub et al. [24]. Among contacts of sputum smear-positive index
respectively). However, results should be interpreted with care as  cases, similar LTBI rates were found in contacts of foreign-born and
only three studies were available of which two had a TB yield of  local-born index cases (46% and 43%, respectively). However, for
0.0%. The close contacts included local-born individuals as well as  sputum smear-negative index cases there was a difference. Among
foreign-born individuals, although it is reasonable to assume that  the contacts of local-born index cases, only 15% were infected,
a higher proportion of close contacts of foreign-born index cases  compared to 44% among the contacts of foreign-born index cases.
were themselves foreign-born (e.g. household contacts).

Discussion

5. EU studies versus non-EU studies The main findings resulting from this literature review were:

Three EU studies and eight non-EU studies were found which
reported specifically on contact tracing among foreign-born index e When exposed to the same foreign-born index cases, a higher

cases. Five of the non-EU studies were reports of a single large median LTBI yield was found among foreign-born contacts
contact investigation, which explains the high contacts/index compared to local-born contacts.

case ratio. In the EU-studies a median LTBI yield of 11.6% (IQR e Large variation was seen between studies and no differences
11.1-12.2%) was found; in non-EU studies it was 38.1% (IQR were observed between TB or LTBI yield among contacts of
26.8-43.9%). This large difference in LTBI yield is likely to be (at foreign-born index cases compared with contacts of index cases
least partly) due to the lower TST cut-off values used in the non-EU from the general population (including the foreign-born).

studies (i.e. a positive TST defined as an induration of =5mm). The

TABLE 4

The transmission of LTBI: foreign-born index cases to foreign-born contacts and foreign-born index cases to local-born contacts*

Transmission: foreign-born index cases Transmission: foreign-born index cases
to foreign-born contacts to local- born/low prevalence
Contactstindex ot yietd (% Contactstindex ot yietd (%
2.0 9.72 0.9 12.6 [17]
52.0 67.3° 25 44,0 [25]
36.0 80.6° 61 11.5 [22]
82.0 30.5° 124 8.9 [12]
44.0 (27.5-59.5) 48.9 (25.3-70.6) 43.0 (19.0-76.8) 12.1 (10.8-20.5) Median (IQR)

I@R=interquartile range.
* The results in both parts of the table are from the same studies; 2 TST+ was defined as an induration of =10 mm for non BCG-vaccinated children and an induration
of =16 mm for BCG-vaccinated children; ® TST+ was defined as an induration of =5 mm; ¢ TST+ was defined as an induration of >10 mm.

TABLE 5

Median with interquartile range of effectiveness indicators for contact tracing in close contacts and non-close contacts in foreign-
born index cases and index cases of the general population

No. of Contacts/index case

Group studies ratio (n) Coverage (%) TB yield (%) LTBI yield (%) References
Foreign-born index cases

with close contacts 6 5.8 (5.4-12.8) 88.0 (86.3-91.1) 0.00 (0.00-0.77) 43.7 (25.5-48.9) [12,17-19,23,24]
with non-close contacts 4 48.0 (5.5-93.4) 71.8 (70.8-83.8) Insufficient data 15.4 (9.4-22.5) [12,17,19,23]
General population index cases

with close contacts 7 3.8 (3.2-5.1) 82.1 (80.3-84.2) 2.15 (2.07-2.28) 37.0 (32.9-40.2) [15,16,20,21,24,27,29]
with non-close contacts 4 2.6 (1.8-4.1) n.a. 0.40 (0.20-1.80) 29.0 (14.5-29.7) [13,15,16,21]

n.a.=not applicable

4 EUROSURVEILLANCE Vol. 14 - Issue 11 - 19 March 2009 - www.eurosurveillance.org



e |n non-EU studies, more contacts per foreign-born index case
were screened, lower TST cut-off values were used to define a
positive TST, and higher LTBI yields were found.

Of the nine studies with pooled results of contact investigations,
three studies reported remarkably higher TB yields than the rest
[16,24,27]. The study by Solsona et al. was conducted in the inner
city district of Barcelona, where high risk groups (HIV-infected
individuals, drug users, immigrants and homeless) represent a large
proportion of the population [16]. In these high risk groups, higher
TB rates can be expected regardless of recent infection. In the
studies by Golub et al. and Marks et al., only close contacts were
included and a high proportion of the contacts were foreign-born,
which might explain the high TB yield found [24,27]. However,
Soren et al. also included only close contacts, but found no active
TB cases among 659 contacts investigated [20]. The study by
Anderson et al. did not detect LTBI in any of the contacts, possibly
due to underreporting and/or incomplete test results [13].

The high TB and LTBI yield found in the study by Dewan et
al., a study with one foreign-born index case, might be due to
transmission by another adult with TB living at the same place
as the presumed index case [25]. The high number (n=475) of
contacts screened per index case in the CDC study is likely related
to the fact that the index case worked in the newborn nursery
and maternity ward and therefore large scale contact tracing was
conducted [26].

Limitations of the study

Although the focus of this study was on the effectiveness of
contact tracing among the foreign-born population in EU countries,
only six relevant EU studies were found from which data could be
extracted. This highlights the lack of reported evidence from EU
countries and indicates that more data reports are needed. The
collection and reporting of data showed a high level of heterogeneity
across the studies, which made the results difficult to compare and
no firm conclusions could be drawn. For instance different cut-off
values for a positive TST were used, i.e. 2bmm and =10mm. In
addition, some studies used adapted cut-off values for TST testing
in BCG-vaccinated individuals [17,28] whereas others did not [25].
Not all studies mentioned if and how persons with prior positive
TST results were included. Slightly different definitions were used
across the studies, for instance for close and non-close contacts.
In the included studies among contacts of the index cases from
the general population, close contacts included more often only
household contacts than in studies reporting contacts of foreign-
born index cases, which more often included workplace contacts.
The broader definition used by the latter studies could explain why
they found a lower TB yield among contacts in this groups because
of less proximity to the index case. The characteristics of the index
cases differed in terms of sputum and culture status. Not all studies
accounted for or reported people lost to follow-up, and the duration
of contact tracing differed between studies. Some studies used a
three months follow-up period, while others used a few years.

Challenges of contact tracing among foreign-born individuals

Sputum smear status of the index case

As mentioned, only six studies compared outcomes by sputum
smear status. As expected, a higher LTBI yield was found among
contacts of smear-positive cases compared to contacts of smear-
negative patients. The yield was almost three-fold higher in foreign-
born contacts.

It should be noted that this higher yield among foreign-born
contacts could be due to the higher background rate of LTBI in

this part of the population who acquired infection in their country
of origin. It is evident that if this hypothesis holds true, contact
tracing in this group of individuals should possibly be considered
as a form of screening to identify latent infections not related to
the index case

Standardisation of methods used to diagnose TB and LTBI in contacts

In the studies included that reported TB yield, a large variety of
methods was used to detect TB. While the gold standard to detect
TB disease is a positive culture of Mycobacterium tuberculosis,
not all studies used this. Most studies used CXR in combination
with symptom screening. In most studies, CXR was used after a
positive TST was found.

For many years, LTBI has been identified using the TST. Despite
its widespread use, the TST has proved to be less specific among
individuals born in high-incidence countries due to cross-reaction
with the BCG vaccine (see below) and with atypical mycobacteria,
both of which are present in individuals from high-incidence
countries [30]. In some studies, CXR was used besides the TST
to assess infection. Langenskiold et al. and MaclIntyre et al., for
example, used both TST and CXR to define LTBI [15,28]. CXR was
also used to find evidence of prior TB.

Recently, interferon gamma release assays (IGRAs) have become
commercially available for the detection of LTBI. These tests have
characteristics that seem to make them more suitable for screening
among migrants: they do not cross-react with BCG vaccination and
less frequently with atypical mycobacteria [31,32], and they seem
to give a better indication of the time of infection [4]. However,
there is a need to asses if the test is equally effective in people
from high- versus low-incidence countries [33].

BCG vaccination status

Only four of 18 studies provided information on BCG vaccination
status. This is a major drawback, as most foreign-born index cases
and foreign-born contacts described in this study were from
countries with a high TB incidence that have high BCG vaccination
rates. Because of the possible cross-reaction induced by BCG, LTBI
yield among foreign-born contacts needs to be interpreted with
care for the studies that did not adjust the TST cut-off values for
BCG-vaccination status, since the number of cases may have been
overestimated due to false positives.

DNA fingerprinting and epidemiological linkage

The assumption underlying contact tracing is that contacts have
been infected by the index case around whom the investigation
is centred. However, it has been demonstrated through DNA
fingerprinting that contacts can be infected by another strain of
M. tuberculosis than the one that infected the presumed index case
[21,34]. Identical DNA fingerprints between contact and index
case suggest that transmission has occurred [35]. Thus, not all
contacts have been infected by the presumed index case, but some
have been infected by another source. Genetic characterisation of
the pathogen can therefore have important implications for source
finding.

In most low-incidence countries, foreign-born cases have a
lower rate of clustering than local-born cases [36,37]. This is
often interpreted to mean that foreign-born people develop TB
as a consequence of reactivation of prior infection, the likelihood
of which is related to country of origin, age at migration, socio-
demographic factors, and duration of stay in the new country [5].
Moreover, a foreign-born person could have been recently infected
or reinfected when visiting their country of origin, rather than by
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transmission from the source case [5]. Similarly, clustering among
local-born people could be due to specific sociological factors.

These findings suggest that the use of molecular typing and
cluster analysis in support of traditional contact tracing should be
further explored.

Stigma of TB and fear of naming contacts

Social stigma is recognised as an important barrier for successful
care of people affected by TB [38]. Stigma might also prevent
foreign-born index cases from naming (all of) their contacts. Fear
might play a significant role in naming contacts when these are
staying illegally in the country of residence. The number of exposed
contacts can therefore be underreported, which can result in a
bias. However, few data are available on the effect of stigma in
contact tracing.

Treatment compliance

Only eight of the studies reviewed here reported the proportion of
contacts who started LTBI treatment and only six studies reported
treatment completion rates. These limited results did not indicate a
difference in adherence between foreign-born contacts and contacts
from the general population (including foreign-born). The overall
adherence was 63.6%, suggesting preventive treatment can be
effective. However, the benefits of treatment should be carefully
balanced against the side effects such as drug-induced hepatitis
[3] as well as against treating people unlikely to develop TB.

Cost-effectiveness of contact tracing

Although this was not the scope of this literature review,
research indicated that contact tracing was highly cost-effective
and resulted in net savings [39]. Dasgupta et al. reported that
close-contact investigation was more cost-effective than screening
of immigration applicants and surveillance programmes [39]. The
latter two ways of case detection were less cost-effective largely
because of substantial operational problems such as additional
visits for education and reassurance, evaluation of side effects or
new medical problems, or assistance with social problems, all of
which are common in newly arrived immigrants.

Conclusions
From this review several conclusions can be drawn to address
the challenges facing contact tracing among migrants.

Uniform contact tracing strategy

According to this study and that done by the Tuberculosis
Network European Trials Group (TBNET) [40] a high variety of
contact tracing strategies are being applied across and even
within countries. Not every contact investigation can reasonably
be conducted with the same strategy, uniform decisions about who
needs to be assessed and why a certain strategy has been chosen
should be agreed upon. It is therefore important to get more insight
in decision making policies. Key questions to be answered are for
example: which considerations are made to decide the initial size
of the contact investigation? When do local health services expand
the contact investigation to the next circle of contacts? Who is
responsible for that decision?

Uniform data collection and reporting

To compare the effectiveness of the different contact tracing
strategies used, data need to be collected and reported more
uniformly. Definitions should be used uniformly throughout
studies to be able to better compare results. Usage of standardised
protocols might help to achieve this. International validated cut-off

values are needed to define a positive TST induration, and these
should be adjusted for BCG-vaccination status.

Contact tracing as a screening strategy

The findings emphasise that foreign-born people from high-
incidence countries are at high risk of acquiring or having LTBI.
Contact tracing could be used as a screening strategy to identify
cases in a high-prevalence population and could be seen as a ‘high-
risk screening’ exercise [71.

Targeted screening

The objective of contact tracing is to find individuals recently
infected with TB who are likely to develop active disease. Those
at high risk of developing active TB need to be better targeted.

There is an urgent need for a diagnostic tool to identify people
with recent latent infection that are at highest risk for developing
active disease. This is especially relevant among foreign-born
contacts due to the challenge of interpreting the currently available
tests due to, for example, BCG, HIV status, nontuberculous
mycobacteria and background TB prevalence. Additional research
is needed to verify whether the promising IGRAs are reliable in
detecting recent infection and are suitable for use in the migrant
population.

In conclusion, it should be noted that finding of higher LTBI
yields in contact investigations among foreign-born contacts is not
unexpected given higher background infection prevalence in these
populations. Identifying for which infected contacts close follow-up
or preventive treatment should be offered remains a priority. This
will be key in determining the role of extensive contact tracing in
the context of enhanced TB control among high-risk populations
and in establishing its cost-effectiveness.

Aknowledgements

The authors wish to acknowledge the input of Vincent Kuyvenhoven and
Connie Erkens of the National Unit of KNCV Tuberculosis Foundation
during the interpretation of the findings. They also wish to acknowledge
Johan Giesecke, Chief Scientist at ECDC for valuable comments on the
manuscript.

References

1. British-Thorax-Society. Control and prevention of tuberculosis in the United
Kingdom: code of practice 2000. Joint Tuberculosis Committee of the British
Thoracic Society. Thorax. 2000;55(11):887-901.

2. Wolleswinkel-van BJ, Nagelkerke NJ, Broekmans JF, Borgdorff MW. The impact
of immigration on the elimination of tuberculosis in The Netherlands: a model
based approach. Int J Tuberc Lung Dis. 2002;6(2):130-6.

3. Taylor Z, Nolan CM, Blumberg HM. Controlling tuberculosis in the United States.
Recommendations from the American Thoracic Society, CDC, and the Infectious
Diseases Society of America. MMWR Recomm Rep. 2005;54(RR-12):1-81.

4, Kamphorst M, Erkens C, Abubakar I, Bothamley GH, Chemtob D, Diel R, et al.
Tuberculosis contact investigation in low prevalence countries; Consensus
document from the 13th Wolfheze Workshop; 2008 June 1-2; The Hague, The
Netherlands. Draft 2008 October 29.

5. Verver S, Veen, J. Tuberculosis control and migration. In: Raviglione MC,
editor. Tuberculosis, a comprehensive international approach. Vol 219. New
York: Informa Healthcare; 2006.

6. Menzies R, Vissandjee B, Amyot D. Factors associated with tuberculin reactivity
among the foreign-born in Montreal. Am Rev Respir Dis. 1992;146(3):752-6.

7. Underwood BR, White VL, Baker T, Law M, Moore-Gillon JC. Contact tracing
and population screening for tuberculosis--who should be assessed? J Public
Health Med. 2003;25(1):59-61.

8. Klinkenberg E, Manissero D, Semenza J, Verver S. Migrant tuberculosis
screening in the EU/EEA. Yield, coverage and limitations. Submitted
manuscript.

6 EUROSURVEILLANCE Vol. 14 - Issue 11 -

19 March 2009 - www.eurosurveillance.org



10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Veen J. Microepidemics of tuberculosis: the stone-in-the-pond principle.
Tuber Lung Dis. 1992;73(2):73-6.

Rieder HL, Zellweger JP, Raviglione MC, Keizer ST, Migliori GB. Tuberculosis
control in Europe and international migration. Eur Respir J. 1994;7(8):1545-53.

National Tuberculosis Controllers Association; Centers for Disease Control
and Prevention (CDC). Guidelines for the investigation of contacts of persons
with infectious tuberculosis. Recommendations from the National Tuberculosis
Controllers Association and CDC. MMWR Recomm Rep. 2005 Dec 16;54(RR-15):1-47.

Kim DY, Ridzon R, Giles B, Mireles T. Pseudo-outbreak of tuberculosis in poultry
plant workers, Sussex County, Delaware. J Occup Environ Med. 2002;44(12):1169-
72.

Anderson C, Abubakar I, Maguire H, Sonnenberg P. Survey of tuberculosis
incidents in hospital healthcare workers, England and Wales, 2005. J Public
Health (0xf). 2007;29(3):292-7.

Diel R, Rusch-Gerdes S, Niemann S. Molecular epidemiology of tuberculosis
among immigrants in Hamburg, Germany. J Clin Microbiol. 2004 Jul;42(7):2952-
60.

Langenskiold E, Herrmann FR, Luong BL, Rochat T, Janssens JP. Contact tracing
for tuberculosis and treatment for latent infection in a low incidence
country. Swiss Med WKly. 2008;138(5-6):78-84.

Solsona J, Cayla JA, Verdu E, Estrada MP, Garcia S, Roca D, et al. Molecular
and conventional epidemiology of tuberculosis in an inner city district. Int
J Tuberc Lung Dis. 2001;5(8):724-31.

Verver S, van Loenhout-Roayackers JH, Bwire R, Annee-van Bavel JA, de Lange
HJ, van Gerven PJ, et al. Tuberculosis infection in children who are contacts
of immigrant tuberculosis patients. Eur Respir J. 2005;26(1):126-32.

van Loenhout-Rooyackers JH. [Risk of tuberculesis in the inadequate handling
of refugees seeking asylum]. Ned Tijdschr Geneeskd. 1994;138(50):2496-500.
[In Dutch].

Yeo IK, Tannenbaum T, Scott AN, Kozak R, Behr MA, Thibert L, et al. Contact
investigation and genotyping to identify tuberculosis transmission to children.
Pediatr Infect Dis J. 2006;25(11):1037-43.

Soren K, Saiman L, Irigoyen M, Gomez-Duarte C, Levison MJ, McMahon DJ.
Evaluation of household contacts of children with positive tuberculin skin
tests. Pediatr Infect Dis J. 1999;18(11):949-55.

Behr MA, Hopewell PC, Paz EA, Kawamura LM, Schecter GF, Small PM. Predictive
value of contact investigation for identifying recent transmission of
Mycobacterium tuberculosis. Am J Respir Crit Care Med. 1998;158(2):465-9.

Gulati M, Liss DJ, Sparer JA, Slade MD, Holt EW, Rabinowitz PM. Risk factors
for tuberculin skin test positivity in an industrial workforce results of a
contact investigation. J Occup Environ Med. 2005;47(11):1190-9.

Grabau JC, Hughes SE, Rodriguez EM, Sommer JN, Troy ET. Investigation of
sudden death from Mycobacterium tuberculosis in a foreign-born worker at
a resort hotel. Heart Lung. 2004;33(5):333-7.

Golub JE, Bur S, Cronin WA, Gange S, Baruch N, Comstock GW, et al. Delayed
tuberculosis diagnosis and tuberculosis transmission. Int J Tuberc Lung Dis.
2006;10(1):24-30.

Dewan PK, Banouvong H, Abernethy N, Hoynes T, Diaz L, Woldemariam M, et al.
A tuberculosis outbreak in a private-home family child care center in San
Francisco, 2002 to 2004. Pediatrics. 2006;117(3):863-9.

CDC. Mycobacterijum tuberculosis transmission in a newborn nursery
and maternity ward--New York City, 2003. MMWR Morb Mortal Wkly Rep.
2005;54(50):1280-3.

Marks SM, Taylor Z, Qualls NL, Shrestha-Kuwahara RJ, Wilce MA, Nguyen CH.
Outcomes of contact investigations of infectious tuberculosis patients. Am
J Respir Crit Care Med. 2000;162(6):2033-8.

MacIntyre CR, Plant AJ. Impact of palicy and practice on the effectiveness of
contact screening for tuberculosis. Prev Med. 1998 Nov-Dec;27(6):830-7.

Driver CR, Balcewicz-Sablinska MK, Kim Z, Scholten J, Munsiff SS. Contact
investigations in congregate settings, New York City. Int J Tuberc Lung Dis.
2003;7(12 Suppl 3):S432-8.

Verbon A, Cobelens FG. [ Indications for, and the significance of, the tuberculin
test in the Netherlands]. Ned Tijdschr Geneeskd. 2003;147(12):539-43. [In
Dutch].

Oxlade 0, Schwartzman K, Menzies D. Interferon-gamma release assays and
TB screening in high-income countries: a cost-effectiveness analysis. Int J
Tuberc Lung Dis. 2007;11(1):16-26.

Brodie D, Lederer DJ, Gallardo JS, Trivedi SH, Burzynski N, Schluger NW. Use of
an interferon-gamma release assay to diagnose latent tuberculosis infection
in foreign-barn patients. Chest. 2008;133(4):869-74.

Kik SV, Franken WPJ, Mensen M, Kampharst-Roemer M, Cobelens FG, Arend SM,
et al. Predicting tuberculosis by IGRA among foreign-born contacts. UNION
conference; 2008; Paris, France.

Dahle UR, Nordtvedt S, Winje BA, Mannsaaker T, Heldal E, Sandven P, et al.
Tuberculosis in contacts need not indicate disease transmission. Thorax.
2005;60(2):136-7.

35.

36.

37

38.

39.

40.

Hermans PW, van Soalingen D, Dale JW, Schuitema AR, McAdam RA, Catty D, et al.
Insertion element IS986 from Mycobacterium tuberculosis: a useful tool for
diagnosis and epidemiology of tuberculosis. J Clin Microbiol. 1990;28(9):2051-
8.

Heldal E, Dahle UR, Sandven P, Caugant DA, Brattaas N, Waaler HT, et al. Risk
factors for recent transmission of Mycobacterium tuberculosis. Eur Respir
J. 2003;22(4):637-42.

Geng E, Kreiswirth B, Driver C, Li J, Burzynski J, DellaLatta P, et al. Changes
in the transmission of tuberculosis in New York City from 1990 to 1999. N
Engl J Med. 2002;346(19):1453-8.

Long R, Chui L, Kakulphimp J, Zielinski M, Talbot J, Kunimoto D. Postsanatorium
pattern of antituberculous drug resistance in the Canadian-born population
of western Canada: effect of outpatient care and immigration. Am J Epidemiol.
2001;153(9):903-11.

Dasgupta K, Schwartzman K, Marchand R, Tennenbaum TN, Brassard F, Menzies D.

Comparison of cost-effectiveness of tuberculosis screening of close contacts
and foreign-born populations. Am J Respir Crit Care Med. 2000;162(6):2079-86.

Bothamley GH, Ditiu L, Migliori GB, Lange C; TBNET contributors. Active case
finding of tuberculosis in Europe: a Tuberculosis Network European Trials
Group (TBNET) survey. Eur Respir J. 2008;32(4):1023-30.

This article was published on 19 March 2009.

Citation style for this article: Mulder C, Klinkenberg E, Manissero D. Effectiveness of
tuberculosis contact tracing among migrants and the foreign-born population. Euro
Surveill. 2009;14(11):pii=19153. Available online: http://www.eurosurveillance.org/
ViewArticle.aspx?ArticleId=19153

EUROSURVEILLANCE Vol. 14 -

Issue 11

- 19 March 2009 - www.eurosurveillance.org 7



