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Abstract.

Background. Although there is no evidence that imported tuberculosis increases the
incidence of the disease in the host countries, the rise in migration worldwide raises concerns
regarding the adequacy of surveillance and control of immigrant-associated tuberculosis in
low incidence countries. Assessing the performance of screening of immigrants for
tuberculosis is key to rationalize the control policies to detect and manage immigrant-
associated tuberculosis.

Methods. We performed a systematic review and meta-analysis to determine the yield of
active screening for tuberculosis among new immigrants at the point of entry.

Results. The yield for pulmonary tuberculosis was 3.5 cases per thousand screened (95% CI
2.9- 4.1, I>= 94%), for refugees, asylum seekers and regular immigrants the estimates were
11.9 (95% C1 6.7 — 17.2, I>= 92%), 2.8 (95% CI 2.0 — 3.7, I>= 96%) and 2.7 (95% CI 2.0 —
3.4, = 81%), respectively. The yield estimates for immigrants from Europe, Africa and Asia
were 2.4 (95% CI 1.3 - 3.4, = 51.5%), 6.5 (95% CI 3.2 —10.0, I>= 62%) and 11.2 (95% CI
6.2 —16.1, I’= 95%), respectively.

Conclusions. These results provide useful data to inform the development of coherent

policies and rational screening services to detect immigrant-associated tuberculosis.



Introduction

In 2007, according to the World Health Organization (WHO), there were an estimated 13.7
million prevalent cases of tuberculosis and an estimated 0.5 million cases of multidrug-
resistant tuberculosis worldwide. In the same year, the number of new cases increased from
9.24 million cases in 2006 to 9..27 due to population growth, while there were 1,756,000
deaths from tuberculosis, 456,000 of which occurred in HIV-positive people. The African,
South-East Asia and Western Pacific regions accounted for around 80% of total case
notifications.[1] As with other infections, the movements of populations across countries can
be critically important in shaping the global epidemiology of tuberculosis.[2] The
displacement of people from areas characterized by a high burden of tuberculosis and poor
implementation of control strategies may hinder the tuberculosis control in areas with
unprepared or overstretched control programmes. Contact patterns both within and outside
the migrant communities, immigration patterns and tuberculosis control measures are likely
to affect the effective contact between infectious and susceptible individuals.[3] Thus,
migrants from countries with a high prevalence of tuberculosis may play a role as a source of
tuberculosis infection particularly within migrant communities.[4,5] The dramatic rise in
migration to Europe and the potential consequences of this in terms of infectious diseases
circulation, has recently been addressed at the second Conference on Applied Infectious
Disease Epidemiology (ESCAIDE) supported by the European Centre for Disease Prevention
and Control (ECDC).[6] The issues of surveillance of communicable diseases and screening
of migrants for tuberculosis are politically sensitive topics that need robust evidence about
the burden of immigrant-associated tuberculosis and about the efficacy of screening services
to be adequately addressed.[7,8,9] Very recently, overseas screening has been reported as a
high-yield intervention for indentifying tuberculosis in regular immigrants and refugees in
their countries of origin[10]. Similarly, contact tracing among migrants and the foreign-born
population has been recently reviewed as a potentially effective, though poorly standardized,
strategy to identify cases in a high-prevalence population.[11]

We review the current literature in order to provide a measure of performance of screening at
entry in settings of low tuberculosis prevalence. Specifically looking at evidence on the yield
(defined as the ratio between number of cases detected and individuals screened) of active
case finding or active screening programmes targeted to migrants moving from areas of high

tuberculosis incidence to areas of low incidence.

Methods



Search strategy

We initially searched the available literature for systematic reviews or meta-analyses
reporting tuberculosis prevalence amongst migrants. In 2005 Dasgupta and Menzies
published a systematic review aimed at assessing the cost-effectiveness of tuberculosis
control strategies among immigrants and refugees.[7] In order to optimize the sensitivity of
the search the focus was not specifically on active screening yield. We aimed our search
strategy to identify all the studies that assessed the prevalence of tuberculosis amongst
immigrants moving from high incidence, i.e. >49 new TB cases/100,000 persons-year, to
medium or low incidence, i.e. <50 new TB cases/100,000 persons-year. We searched three
electronic databases for primary studies: PubMed, EMBASE and Web of Knowledge. The
search included published reports through July 2008, using the following combination of
terms: ‘tuberculosis’ and ‘prevalence’ or ‘screening’ and ‘emigrants’ or ‘refugees’ or ‘foreign
born’ or ‘immigrants’. We restricted the language of the publications to English, French,
Spanish and Italian. To identify relevant articles not found in the electronic databases we
supplemented the search strategy as follows: a) we hand-searched the indices of the
International Journal of Tuberculosis and Lung Disease (1997-2004), b) we reviewed the

reference lists of primary studies.

Study selection

Studies were eligible for inclusion if they reported the proportion of active pulmonary
tuberculosis among screened immigrants, including the number of migrants investigated and
number of cases found, and if they assessed through active case finding or an active screening
programme, that is screening targeting all immigrants, irrespective of symptoms. For the
purpose of this review we considered studies performing both radiological and
microbiological tests to identify cases of active tuberculosis.[12] We excluded the following
studies: (1) studies only reporting prevalence of latent tuberculosis infection; (2) studies only
reporting tuberculosis cases in children (reported as such in the paper or younger than 16
years of age); (3) studies only identifying cases through passive case finding; (4) studies only
reporting tuberculosis prevalence among migrants moving from areas of low incidence; (5)
studies only reporting cases of multi-drug resistant tuberculosis; (6) studies only including
migrants who had undergone screening prior to leaving the country of origin and (7) studies
only reporting tuberculosis incidence data among immigrants.

All duplicate citations were eliminated from the initial database. Four reviewers (SA, SP,

KG, LB) screened these citations by reviewing titles and abstracts to identify potentially



relevant studies. Disagreements between the reviewers were resolved by consensus. The
database was then screened again to include only primary articles, and the full text of each
citation was obtained and reviewed.

Data extraction

A data extraction form was designed and pilot tested by four reviewers (SA, SP, KG, LB),
then a subset of five studies were independently reviewed to extract the relevant data. The
inter-rater agreement obtained for the data from these studies was 100%. Subsequently, the
papers were independently reviewed by the reviewers (SA, SP, KG, LB) and data extraction
cross-checked. The study period, the number of migrants screened and cases of active
tuberculosis were recorded. The pattern of screening has been classified as ‘routine’ or ‘on
purpose’ to differentiate information collected through ongoing and settled programmes from
those obtained from programmes developed ad hoc. If reported, we also collected data on the
country or geographic area of origin of the migrants, their age and gender distribution. We
considered as ‘migrants’ those reported as such in the original study. Since migrants were
differently reported in different studies, we grouped the migration patterns according to the
following classification: regular immigrant (including immigrant workers and students),
asylum seekers (including individuals who went through asylum centres or state registration
centres at the border; individuals arriving through transit centres and reporting to ports and
border health divisions) and refugees (reported as such in the papers). Only studies that
identified pulmonary tuberculosis using chest X-rays and/or sputum smear and/or
microbiological culture were included.

As estimates of tuberculosis prevalence among the general populations in the host countries,
we considered estimates provided by the WHO for the corresponding study period.[13]
Finally, we assessed the quality of each study, adapting the Newcastle-Ottawa scoring scale
for cohort studies.[14] In brief, the quality of the studies has been assessed considering the
definition and representativeness of the cohort of migrants, the diagnostic criteria for cases of
active tuberculosis and the comparability of the cohorts on the basis of the study design or
analysis.

Data collation and meta-analysis

For each study the yield of active screening for pulmonary tuberculosis has been calculated.
The yield was defined as the number of cases detected per 1,000 individuals screened. We
performed a random-effects meta-analysis in order to account for the expected between-study
variability for each study, that is we drew pooled estimates under the assumption that each

study had different characteristics and measured different, though related, underlying



yields[15]. We used the software for statistical analysis STATA version 9.2 (StataCorp.,
College Station, TX, USA). The studies included in the meta-analysis were weighted by the
inverse variance of their effect-size estimate.[16] In order to assess the magnitude of the
disproportion of the risk of pulmonary tuberculosis among screened immigrants and the
general population of the host country, we also compared the yield of active screening for
pulmonary tuberculosis with the estimated prevalence of tuberculosis in the general
population of the host country. The latter estimates are usually drawn from passive case
finding programmes, we therefore considered active screening yield as a proxy measure of
the pulmonary tuberculosis prevalence among immigrants.

The presence of heterogeneity across studies was assessed by the conventional chi-squared
test for heterogeneity and by calculating the I? statistic, which accounts for the number of
studies included in the meta-analysis and provide a direct measure of the variability not
explained by the information included in the analysis.[17]

To investigate possible sources of heterogeneity, we stratified the analysis by patterns of
migration, geographic area of destination and patterns of screening. To account for the effect
of continuous variables, such as the study period and quality scoring of the study, we
performed univariate meta-regression analyses. Using some studies, it was possible to
estimate a pooled pulmonary tuberculosis prevalence among screened migrants according to
their geographic origin and to assess the relative risk of tuberculosis between men and
women. There were insufficient studies reporting the distribution of the migrants by age,
gender and country of origin to warrant analysis. Finally, we qualitatively assessed the

publication bias by drawing a funnel plot.

Results

The study selection process is shown in figure 1. We identified 468 potentially relevant
unique citations from all literature searches, and 22 of these publications were eligible for
inclusion, accounting for 5,446 cases of pulmonary tuberculosis out of 2,620,739 screened
immigrants.[18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39] No
publication has been excluded from the analysis on the basis of the quality assessment. The
median number of cases of pulmonary tuberculosis among immigrants was 31 (inter-quartile
range [IQR]: 10-76), while the median number of immigrants screened in each study was
6526 (IQR: 945-19912). Of the 22 studies, seven reported pulmonary tuberculosis cases
among  refugees,[26,27,28,29,30,31,38] seven reported cases among regular
immigrants,[32,33,34,35,36,37,39] seven reported cases among asylum



seekers,[18,19,20,21,22,23,24] one did not report any pulmonary tuberculosis case.[25]
Twelve studies reported information about the geographic origin of the
migrants,[19,20,21,26,27,28,29,30,31,36,38,39] while only three studies reported a gender
distribution of pulmonary tuberculosis cases.[22,29,31] Among the studies reporting the
geographic origin of immigrants, six reported cases from Europe (median number of cases:
10 [IQR: 4 — 8]; median number of immigrants: 2,950 [IQR:945 -
8,462]),[19,20,21,26,28,29] six reported cases from Asia (median number of cases: 24 [IQR:
13 — 71]; median number of immigrants: 2,089 [IQR: 1,863— 9,328]),[20,27,30,31,36,38]
three reported cases from Africa (median number of cases: 14 [IQR: 13—46]; median number
of immigrants: 1,732 [IQR:1,390-10,490])[19,20,21], one reported cases from the Middle
East[20] and finally one paper reported cases from Haiti.[39] Table 1 summarizes the
findings of the 22 studies that reported cases of active pulmonary tuberculosis among
migrants and the prevalence of tuberculosis among the general population in the host
countries. Figure 2 shows the pooled and study specific estimates, stratified by patterns of
migration, of the yield of active screened programmes. These estimates ranged between a
minimum of one every thousand screened to a maximum of 38.1 per thousand, while the
pooled estimate was 3.5 per thousand (95% confidence interval [CI]: 2.9—4.1]). The study
reported by Denburg et al. did not identify any pulmonary tuberculosis cases out of the 68
refugees investigated and therefore did not contribute to the estimate of the pooled relative
risk.[25] Interestingly, the stratified pooled estimates allowed us to identify a fourfold
increase of the yield for refugees (yield = 11.9 per thousand; 95%CI: 6.7-17.2, I* = 92%,)
compared to the other group of migrants: namely, regular immigrants (yield = 2.8 per
thousand; 95%CI: 2.0-3.6, I’ = 96%) and asylum seekers (yield = 2.7 per thousand; 95%CI:
2.0— 3.4, I*= 81%). Since different geographic area of destination may experience different
patterns of immigration and implement different screening services, we performed a
sensitivity analysis considering estimates exclusively from European countries (figure 3). The
active screening yield for refugees decreased to 5.8 per thousand (95% CI: 2.0-9.5, I* =
68%), while the yield for regular immigrants (yield = 2.2 per thousand; 95%CI: 1.3-3.2, I*=
89%) and for asylum seekers (yield = 2.7 per thousand; 95%CI: 1.9-3.4, I*= 84%) virtually
did not change.

In order to account for the possible differences between routine and ad hoc screening
programmes, we conducted an analysis restricted to the routine screening programmes. Also
in this case the yields for both regular immigrants (yield = 2.0 per thousand; 95%CI: 1.3-2.8,
I’ = 96%) and asylum seekers (yield = 2.1 per thousand; 95%CI: 1.8-2.5, I*= 30%) remained



substantially unchanged, while the heterogeneity between studies targeted to asylum seekers
decreased significantly.

We investigated the role of the study period and quality scoring of the study for other sources
of heterogeneity, neither appeared to significantly influence the meta-analysis estimates.

The prevalence estimated in host countries ranged between 0.03 and 0.3 per thousand (table
1), while the overall pooled estimate of the active pulmonary tuberculosis prevalence ratio
between screened new immigrants and autochthonous population was 48.2 (95% CI:23.3—
99.6 I* = 99%). The stratification by migration patterns of the prevalence ratio (figure 4),
mirrored the stratification of the screening yield, namely: refugees prevalence ratio for
tuberculosis was 130.6 (95% CI: 58.8-290.2, I* = 96%), for regular immigrants was 29.4
(95% CI:9.7-88.9, I* = 99%), and for asylum seekers it was 30.1 (95% CI:19.3-47.1, I* =
93%).

Since some studies also reported pulmonary tuberculosis cases according to their geographic
origin, we tentatively estimated the pooled yield of active tuberculosis among migrants from
some continents (figure 5): the pooled yield for immigrants from European countries was 2.4
per thousand (95%CI: 1.3-3.4, 12251,5%), from Africa it was 6.5 (95%CI: 3.1-9.9,
1°=62.5%), while from Asia the yield was 11.2 (95%CI: 6.2—16.1, I’=94.9%)).

Finally, using the data reported by four studies, we estimated the prevalence ratio for
pulmonary active tuberculosis between migrant men and women (table 2). Men were at a
higher risk of active pulmonary tuberculosis than women, RR = 1.39, however, this
difference was not statistically significant (95%CI: 0.94-2.04, I’=49.4%).

The possible distortion of the estimates due to publication bias could be reasonably excluded
by visual inspection of the funnel plot, although the method has been designed for meta-

analysis of randomised controlled trials.[40]

Discussion

Population mobility across the world is rapidly becoming a key determinant of the infectious
diseases epidemiology.[41] The relationship existing between international migration and
tuberculosis control has been extensively addressed by a report of a European Task Force
from the International Union Against Tuberculosis and Lung Disease (IUATLD) and WHO
in 1994,[2] while Dasgupta and Menzies compared the cost-effectiveness of different
tuberculosis control strategies.[7] In the present study we attempt to summarize the evidence
on the yield of active screening of immigrants for pulmonary tuberculosis from countries

with high incidence of tuberculosis migrating to low incidence countries. Overall, the



proportion of screened immigrants with active pulmonary tuberculosis ranged between 1 and
38 per thousand, that is between ten to one hundred times greater than the prevalence
measured in the general population of the host country. The overall stratified analysis has
shown that the patterns of migration are indicators of the risk of tuberculosis: namely
refugees have been shown to be four times more likely to be diagnosed with active
pulmonary tuberculosis than the other immigrants. The sensitivity analysis restricted to the
European host countries has shown a similar pattern, although the screening yield for
refugees halved and the confidence intervals between groups overlapped. These differences
in screening yield may reflect a different risk of pulmonary tuberculosis infection associated
with each pattern of migration. Refugees usually leave their own countries as consequence of
critical and relatively rapid events, therefore they might be less subject to a process of
selection based on their health status, the so called ‘healthy immigrant effect’.[42]
Furthermore, refugees may spend some time in overcrowded camps before moving to the
host country; in these settings the living conditions may favour both the transmission and the
occurrence of tuberculosis. Our findings are consistent with the estimates reported from the
overseas screening for U.S.-bound immigrants and refugees. The reported analyses shows
that prevalence (per thousand screened) among refugees is larger (10.4; 95%CIs 10.0-10.7)
than among other immigrants (9.6; 95%CIs 9.5-9.7)[10]. Unfortunately, those values are not
readily comparable with our estimates since they refer exclusively to smear negative
tuberculosis cases, whereas our analysis accounts also for smear positive cases. However, the
consistency of the findings highlights the need for recommendations on screening of refugees
as a high risk group for active tuberculosis. To be fully effective screening should be part of
an integrated preventive strategy focused on improving housing conditions to decrease the
risk of tuberculosis transmission, on enhancing tuberculosis case finding[11] and on setting
case management within the framework of directly-observed treatment programme.[43]

It has been observed, among regular immigrants, that the prevalence at entry was higher than
expected from the WHO estimated prevalence of tuberculosis in the country of origin,
possibly because migrants are a selected group with a higher risk for active tuberculosis, as
are young adults and lower socioeconomic status groups.[34] Interestingly, an analysis of the
data (not shown) from those studies reporting the country of origin of migrants suggested a
similar pattern. Unfortunately however, data were too limited to draw any convincing
conclusion.

Immigrants from Asia and Africa have been found to be about five and three times,

respectively, more likely to be affected by pulmonary tuberculosis at their entry, than their
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European counterparts. These differences grossly reflect the worldwide distribution of
tuberculosis. Unexpectedly, the pooled yield for immigrants from Africa was lower than for
immigrants from Asia, This could be explained by the fact that about 51% of immigrants
from Asia were refugees, whereas all immigrants from Africa were asylum seekers.
Furthermore, according to a restricted analysis, the pooled yield for asylum seekers from
European countries[19,20,21] was 2.00 per thousand (95%CIL: 1.36-2.63, 1°=0.0%). This
finding suggests that a finer definition of the risk groups might result in a reduction of
heterogeneity of the estimates, possibly supporting more specific indications about which
immigrant groups should be targeted for screening. Unfortunately, the available data were not
sufficient to further stratify the whole analysis by geographic origin and migration patterns.
The comparison of prevalence of active tuberculosis among screened immigrants at entry
with the prevalence estimated for the autochthonous general population, has shown that
overall immigrants at entry into the country are a 40 times more at risk of having active
tuberculosis than the local general population. Also, as expected, the comparison between
patterns of migration confirmed that refugees are four to fivefold as much at risk of
pulmonary tuberculosis than the other groups. These comparisons should be however
considered cautiously, since a) tuberculosis prevalence, in absence of specifically designed
surveys, is usually derived from the incidence and duration estimates obtained from the
notification systems based on a passive case finding approach,[44] b) active screening
anticipate diagnosis of asymptomatic cases of tuberculosis, for example Monney et al. found
that 49% of actively screened cases were asymptomatic compared to 18% of those detected
through passive case finding,[24] and c) some prevalent cases may be missed by screening at
entry, for example Erkens et al. detected 97% of prevalent cases through screening, the
remaining cases were detected passively during the first five months of immigration.

Further limitation should be considered when interpreting the findings of this study. Firstly,
the pooled analysis of all studies showed substantial heterogeneity. Similar levels of
heterogeneity have been observed in other systematic reviews focusing on tuberculosis
transmission control issues and analysing observational studies.[45,46] Such heterogeneity
can be due to differences in methodological quality, study design, sampling variability, and
study populations across studies. In particular, we accounted for the patterns of migration and
we restricted the analysis to the European and to the routine screening programmes, under the
assumption of a greater homogeneity within each subgroup. In fact, some reduction of the
heterogeneity has been observed, possibly due to a more consistent organization of routine

screening programmes and more consistent migration patterns within Europe. The variations
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in the study quality and in the study period, did not significantly affect the heterogeneity
between study estimates. The high level of heterogeneity limits the ability to interpret the
pooled estimates and to compare estimates among subgroups. However the yield of active
screening of new immigrants and the prevalence ratios for active tuberculosis between
migrants and the general population in the host country were so high to warrant serious
consideration. Secondly, it was not possible to account for the level of coverage of screening
services, furthermore, it is uncertain whether and how our estimates, drawn for refugees,
asylum seekers or regular immigrants, can be projected on to illegal immigrants, who are
likely to be those bearing the greatest share of imported tuberculosis burden. Finally, some
misclassification between migration patterns could not be excluded, in particular between
refugees and asylum seekers. However when the analysis has been restricted to the data from
routine screening programmes, the heterogeneity between studies investigating asylum
seekers decreased by about 50%, while the screening yield remained virtually unchanged.

It is noteworthy that currently there is no evidence that imported tuberculosis has
significantly increased the incidence of tuberculosis among the autochthonous population.[7]
On the contrary, overall the number of notifications from the local population is decreasing
every year in most industrialized countries, whereas the proportion of foreign-born
tuberculosis cases is increasing.[47,48] However, imported tuberculosis has been shown to be
transmitted within population subgroups with poor living conditions and poor access to health
care provision.[5,8,49,50] Therefore, favouring the detection of tuberculosis cases by active
screening and by promoting the access of immigrants to health care facilities may shorten the
infectious periods, interfere with the transmission network, and improve the control of
potential tuberculosis reservoirs.

The assessment of effectiveness of active screening of immigrants at entry is beyond the
scope of this paper. However, our yield estimates, in particular for refugees from countries
with high incidence of tuberculosis, support the recommendation of the introduction of
screening at entry as an element of an integrated preventive strategy for tuberculosis control.
In particular, screening programmes targeting high-risk groups within the framework of
coordinated activities of control and management of tuberculosis, such as contact tracing
investigations and tailored directly-observed treatment programmes can be successful in
reducing the burden among migrants.[4,8] The early identification and management of
tuberculosis among immigrants before they are dispersed within the host country is expected
to prevent unnecessary transmission between recent immigrants. Furthermore, it would

guarantee a more equitable access to health care provision and, possibly, eventually result
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into higher treatment success rates. In conclusion, the presented findings provide useful data
to inform the development of coherent policies and rational screening services to detect

immigrant-associated tuberculosis.
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Figures and Tables

Figure 1: Flow diagram for study selection.
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Figure 2: Forest plot, yield(X 1000 individuals tested ) of active screening of immigrants at

entry, by pattern of migration (all studies included).

Authors (year of publication) Yield x 1000 (95% Cl) % Weight
Refugees !
Laifer et al. (2004) —— 2.56 (1.28, 5.12) 4.62
Rysstad et al. (2002) s ——— 5.00 (1.88, 13.24) 0.97
Wilcke et al. (1998) —_— 6.71(3.90, 11.53) 1.91
Nolan et al. (1988) ' - 8.36 (6.70, 10.43) 4.75
Smith et al. (2000) A 12.70 (7.23, 22.22) 0.59
Judson et al. (1984) : ¢ 19.50 (12.32, 30.74) 0.40
Kelly et al. (2002) . * 38.11 (30.31, 47.82) 0.44
Subtotal (I2=92.5%, p =0.000) | <—_—= 11.92 (6.68, 17.17) 13.67
Regular immigrants I
Laifer et al. (2007) . 1.01 (0.75, 1.36) 8.70
Erkens et al. (2008) * 1.12 (0.89, 1.40) 8.76
Akhtar et al. (2008) ® 1.98 (1.92, 2.04) 8.89
Ormerod et al. (1998) ) 4.46 (2.40, 8.27) 2.81
Mathez et al. (2007) == 5.56 (4.22, 7.33) 5.53
Pitchenik et al. (1982) s 6.50 (5.35, 7.89) 6.33
Solano et al. (2002) ¢ 7.39 (2.39, 22.65) 0.33
Subtotal (12 = 96.0%, p = 0.000) < 2.84 (2.04, 3.64) 41.34
1
Asylum seekers !
Harling et al. (2007) - 1.33 (0.74, 2.40) 7.58
Johnsen et al. (2005) - 2.16 (1.60, 2.91) 8.03
van Burg et al. (2003) A 2.22 (1.83, 2.69) 8.50
Callister et al. (2001) N 2.41 (1.98, 2.93) 8.42
van den Brande et al. (1997) —-— 3.96 (2.53, 6.21) 4.81
Hobbs et al. (2002) N 4.44 (1.67,11.78) 1.20
Monney et al. (2005) e 5.26 (4.17, 6.63) 6.44
Subtotal (12 = 81.0%, p = 0.000) o. 2,70 (1.98, 3.42) 44.98
1
Overall (I2=94.0%, p =0.000) ¢ 3.49 (2.90, 4.08) 100.00
1
I I I I I
S5 5 10 30 50

Screening Yield (x 1000 screened)
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Figure 3: Forest plot, yield(X 1000 individuals tested ) of active screening of immigrants at

entry, by pattern of migration (only studies from European countries included).

Authors (year of publication) Yield x 1000 (95% CI) % Weight
Refugees |
Laifer et al. (2004) | B 2.56 (1.28, 5.12) 5.90
Rysstad et al. (2002) : o 5.00 (1.88, 13.24) 1.24
Wilcke et al. (1998) I  E—— 6.71 (3.90, 11.53) 2.42
Smith et al. (2000) | * 12.70 (7.23,22.22) 0.74
Subtotal (I = 68.0%, p = 0.025) —__— 5.77 (2.06, 9.49) 10.30
1
Regular immigrants i
Laifer et al. (2007) © ! 1.01 (0.75, 1.36) 11.18
Erkens et al. (2008) ® 1.12 (0.89, 1.40) 11.27
Ormerod et al. (1998) —_— 4.46 (2.40, 8.27) 3.57
Mathez et al. (2007) = B 5.56 (4.22, 7.33) 7.07
Solano et al. (2002) : * 7.39 (2.39, 22.65) 0.42

Subtotal (12 = 89.5%, p = 0.00 2.25 (1.29, 3.22) 33.51

I
I
I
Asylum seekers I
I

Harling et al. (2007) =" 1.33 (0.74, 2.40) 9.72
Johnsen et al. (2005) - 2.16 (1.60, 2.91) 10.32
van Burg et al. (2003) * 2.22 (1.83, 2.69) 10.93
Callister et al. (2001) R~ 2.41(1.98, 2.93) 10.82
van den Brande et al. (1997) r 3.96 (2.53, 6.21) 6.14
Monney et al. (2005) o | 5.26 (4.17, 6.63) 8.25
Subtotal (I>=83.8%,p = 0.000)<|> 2.67 (1.94, 3.41) 56.19
1
Overall (I?>=89.9%, p = 0.000) <|> 2.83 (2.16, 3.49) 100.00
:
I I I I
.5 5 10 30

Screening Yield (x 1000 screened)
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Figure 4: Forest plot, prevalence ratio for pulmonary tuberculosis among immigrants actively

screened at entry compared to general population in the host country, by pattern of migration.

Authors (year of publication) Risk Ratio (95% CI) % Weight

Refugees :

Laifer et al. (2004) —_— 32.06 (16.03, 64.11) 4.68

Wilcke et al. (1998) — 74.61 (43.32, 128.49) 4.75

Rysstad et al. (2002) —— 100.00 (37.53, 266.44) 4.48

Smith et al. (2000) ! —_— 105.82 (60.10, 186.33) 474

Nolan et al. (1988) i - 119.46 (95.68, 149.14) 4.86

Judson et al. (1984) X — 278.59 (175.53, 442.18) 4.79

Kelly et al. (2002) 1 - 635.18 (503.36, 801.52) 4.86

Subtotal (I-squared = 96.3%, p = 0.000) e —_—— 130.61 (58.79, 290.18) 33.17
1

Regular immigrants :

Akhtar et al. (2008) L4 ] 6.38 (6.20, 6.57) 4.88

Laifer et al. (2007) — X 15.53 (11.52, 20.94) 4.84

Erkens et al. (2008) - ! 18.59 (14.85, 23.28) 4.86

Solano et al. (2002) — 27.37 (8.83, 84.85) 4.37

Ormerod et al. (1998) _.._ 44.60 (24.00, 82.90) 4.72

Mathez et al. (2007) | T 92.64 (70.22, 122.24) 4.85

Pitchenik et al. (1982) T 92.82 (76.38, 112.81) 4.87

Subtotal (I-squared =99.5%, p = 0.000)'<:>' 29.42 (9.74, 88.89) 33.39
1

Asylum seekers '

Harling et al. (2007) —_— X 11.10 (6.15, 20.04) 473

van den Brande et al. (1997) —_— 26.42 (16.85, 41.42) 4.79

Callister et al. (2001) - 26.79 (22.02, 32.59) 4.87

Johnsen et al. (2005) — ! 26.99 (20.02, 36.40) 4.84

van Burg et al. (2003) - 27.73 (22.86, 33.64) 4.87

Hobbs et al. (2002) —":— 40.40 (15.16, 107.65) 4.48

Monney et al. (2005) | 87.61 (69.43, 110.55) 4.86

Subtotal (I-squared = 93.4%, p = 0.000) <>: 30.14 (19.27, 47.13) 33.45
1

Overall (I-squared = 99.5%, p = 0.000) <> 48.19 (23.32, 99.60) 100.00
1

I I I I
1 10 100 1000

Tuberculosis risk ratio
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Figure 5: Forest plot, yield(X 1000 individuals tested ) of active screening of immigrants at

entry, by geographic origin of the immigrants.

Authors (year of publication) Yield x 1000 (95% ClI) % Weight
Europe

van den Brande et al. (1997) | 1.44 (0.54, 3.83) 8.72
Callister et al. (2001) ] 1.84 (1.16, 2.92) 9.25
Johnsen et al. (2005) .y 2.48 (1.62, 3.80) 9.13
Laifer et al. (2004) - 2.56 (1.28, 5.12) 8.47

Rysstad et al. (2002)
Smith et al. (2000)

5.00 (1.88, 13.24)  4.61
12.70 (7.23,22.22) 3.34

L 3

Subtotal (I2 = 51.5%, p = 0.067) < 2.36 (1.31,3.40)  43.51
Africa
Callister et al. (2001) 3 4.39 (3.29, 5.85) 9.00
Johnsen et al. (2005) —_— 8.08 (4.79,13.60) 5.80
van den Brande et al. (1997) —_— 9.35(5.44, 16.04) 4.94
Subtotal (= 62.5%, p = 0.069) <<_—> 6.55(3.19,9.90)  19.74
Asia
Callister et al. (2001) ~ 2.70 (1.89, 3.86) 9.20
Ormerod et al. (1998) - 4.46 (2.40, 8.27) 7.40
Wilcke et al. (1998) - 6.71(3.90, 11.53) 6.42
Nolan et al. (1988) - 8.36 (6.70, 10.43) 8.52
Judson et al. (1984) * 19.50 (12.32, 30.74) 2.51
Kelly et al. (2002) * 38.11 (30.31, 47.82) 2.70
Subtotal (I?= 94.9%, p = 0.000) <> 11.17 (6.25, 16.08) 36.75
I I I I
5 5 10 50

Screening Yield (x 1000 screened)
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Table 2: Risk of pulmonary tuberculosis among migrants, by gender

Van Burg et al., 1994-1997 Asylum 25
2003[22] Seekers

17509

1.89
(1.21-2.96)

Smith et al., 2000[29]  1999-2000 Refugees 8 435 4 510 2.32
(0.70-7.65)
Pooled Relative risk — 95%Cls 1.39 1°=49.4%
(men vs. women) (0.94-2.04)
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