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Background: European-specific policies for tuber-
culosis (TB) elimination require identification of key 
populations that benefit from TB screening. Aim: We 
aimed to identify groups of foreign-born individu-
als residing in European countries that benefit most 
from targeted TB prevention screening. Methods: The 
Tuberculosis Network European Trials group collected, 
by cross-sectional survey, numbers of foreign-born TB 
patients residing in European Union (EU) countries, 
Iceland, Norway, Switzerland and the United Kingdom 
(UK) in 2020 from the 10 highest ranked countries of 
origin in terms of TB cases in each country of resi-
dence. Tuberculosis incidence rates (IRs) in countries 
of residence were compared with countries of origin. 
Results: Data on 9,116 foreign-born TB patients in 
30 countries of residence were collected. Main coun-
tries of origin were Eritrea, India, Pakistan, Morocco, 
Romania and Somalia. Tuberculosis IRs were highest 
in patients of Eritrean and Somali origin in Greece 
and Malta (both > 1,000/100,000) and lowest among 
Ukrainian patients in Poland (3.6/100,000). They were 
mainly lower in countries of residence than countries 
of origin. However, IRs among Eritreans and Somalis 
in Greece and Malta were five times higher than in 
Eritrea and Somalia. Similarly, IRs among Eritreans 
in Germany, the Netherlands and the UK were four 
times higher than in Eritrea. Conclusions: Country of 
origin TB IR is an insufficient indicator when target-
ing foreign-born populations for active case finding or 
TB prevention policies in the countries covered here. 
Elimination strategies should be informed by regu-
larly collected country-specific data to address rapidly 
changing epidemiology and associated risks.

Introduction
In the year 1882, when Robert Koch identified a 
Mycobacterium as the causative agent of tuberculosis 
(TB), the disease was a common and a leading cause of 
death in Europe [1].

Migration to European countries, in particular the 
European Union and the European Economic Area 
(EU/EEA) accounts for nearly a third of global migra-
tion, with 87 million foreign-born individuals living in 
Europe in 2020 [2]. Foreign-born individuals residing 
in low TB incidence countries have a higher risk of TB 
than individuals born in these low incidence countries 
[3]. However, reasons for the increased risk of TB in 
this population are poorly understood and much is still 
unknown about the epidemiology in this heterogenous 
group with regard to the routes of migration, incomes, 
countries of origin, etc.

The incidence of TB in the EU/EEA has steadily declined 
in the last century [4]. Tuberculosis is now a rare dis-
ease and a very rare cause of death in most EU/EEA 
countries [4]. According to the European Centre for 
Disease Prevention and Control (ECDC) and the World 
Health Organization (WHO) Regional office for Europe, 
the estimated TB incidence rate (IR) in the EU/EEA in 
2020 was 9.5 per 100,000 population (95% confidence 

interval (CI): 9.1–10.0) [4], which was low compared 
with the global IR of 124 per 100,000 [5]. Projections 
regarding the declining incidence of TB in the EU/EEA 
suggest that elimination of TB appears to be possi-
ble before 2040 [4] as predicted by the WHO END-TB 
strategy [6]. Nevertheless, the decrease in notification 
rates in native residents is higher than in foreign-born 
individuals [7].

In 2020, approximately one third of TB cases 
(10,942/33,148) occurred in foreign-born individu-
als in the EU/EEA [4]. In some EU/EEA countries 
such as Denmark, Germany, Luxemburg, Norway, the 
Netherlands and Sweden, more than 60 percent of 
TB cases occur among foreign-born residents [4]. To 
achieve TB elimination in Europe, it is necessary to 
timely identify TB among foreign-born individuals [8].

One of the core activities to achieve elimination of TB 
in countries with low TB incidence is prevention [9], 
and this relies on active case finding and treatment, 
vaccination and preventive treatment [10,11]. Efforts 
aimed at eliminating TB should ensure that preven-
tive measures target key populations at risk of TB [8]. 
These measures mainly include active case finding 
strategies as well as providing TB preventive treatment 
to exposed individuals (i.e. TB contacts and individu-
als recently arrived from a high TB incidence country) 
according to national migrant screening programmes 
[10].

A programmatic management guideline for latent infec-
tion with  Mycobacterium tuberculosis  (LTBI) by ECDC 
suggests that people coming from high TB incidence 
countries should be considered for LTBI screening [12]. 
Interventions should be based on the epidemiological 
situation of TB in the country of arrival, TB incidence 
in the country of origin as well as on the travel route, 
reason for migration and time since leaving the coun-
try of origin. However, so far, the relationship between 
the incidence of TB in the country of origin and the risk 
of TB in foreign-born individuals in low TB incidence 
countries in Europe is ill-defined. Further, limited evi-
dence prevents consensus regarding risk assessment 
and preventive management of TB in foreign-born 
individuals.

To provide an evidence base for TB detection and 
prevention policies, we analysed the incidence of TB 
among foreign-born individuals in EU countries and 
Iceland, Norway, Switzerland and the UK. We hypoth-
esise that TB incidence rates among foreign-born resi-
dents in the EU and Iceland, Norway, Switzerland and 
the UK reflect TB incidence rates in their countries of 
origin.

Methods
We conducted a multinational cross-sectional sur-
vey among the members of the Tuberculosis Network 
European Trials group (TBnet) to gather information on 
foreign-born individuals with TB (some countries, e.g. 
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Germany, provide data on nationality only), indirectly 
indicating the flow of migrants to the European region. 
Country representatives from all 27 countries of the 
European Union as well as Iceland, Norway, Switzerland 
and the UK were contacted by the study coordinators 
between May and September 2022 and asked to pro-
vide data via a standardised questionnaire. We defined 
the country of origin as the country where an individual 
was born and migrated from. We defined the country 
of residence as the country in which individuals with 
TB were notified, i.e. the countries participating in our 
survey. Every country of residence contributed data on 
(i) the 10 highest ranked countries of origin in terms 
of number of notified TB cases among foreign-born 
individuals in the year 2020; (ii) the number of foreign-
born individuals with TB from these countries of origin; 
(iii) the total number of individuals born in these coun-
tries of origin and living in the country of residence at 
the end of the year 2020.

The incidence rate (IR) of TB in foreign-born individuals 
in the country of residence was calculated by dividing 
the number of new TB cases notified in the country of 
residence in 2020 by the number of individuals regis-
tered as not born in that country but living there at the 
end of 2020 (as per 100,000 population).

We considered all foreign-born individuals stemming 
from one country of origin and living in one country of 
residence as one population. Foreign-born populations 
were excluded from the analysis of IR and incidence 
rate ratio (IRR, see below) if there were fewer than 20 
TB cases per country of origin or fewer than 100 for-
eign-born individuals per country of origin in the data-
set. Countries with an IR of less than 100 per 100,000 
population were considered countries of low TB burden. 

Tuberculosis IRs in the country of residence were com-
pared with WHO-estimated TB IRs and IRs based on 
notifications in the country of origin as reported by 
the WHO [5]. The incidence rate ratio (IRR) of foreign-
born populations was calculated by dividing the IR in 
the country of residence by the WHO-estimated TB IRs 
and IRs based on notifications in the country of origin 
in 2020.

Since in EU countries, as well as Iceland, Norway, 
Switzerland and the UK, patients with TB are likely 
being detected, the gap between the number of noti-
fied cases and the true number of cases is small and 
will be substantially smaller than the gap between the 
number of notified and true incident cases in most 
countries of origin.

We used a Poisson random effects model to estimate 
the relative risk (RR) of TB by country of residence and 
country of origin. We performed spatial analysis using 
Bayesian inference with integrated Laplace approxima-
tion to calculate the mean and standard deviation of 
the posterior densities per country of residence and 
country of origin. The 95% credibility interval (CrI) was 
calculated using the highest posterior densities.

Figures were created using GraphPad Prism version 
9.4.1 (GraphPad Software, San Diego, United States), 
DataWrapper [13] and SankeyMATIC [14]. Data analy-
sis was done using R version 4.3.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

The study protocol was reviewed by independ-
ent reviewers and endorsed by the TBnet steering 
committee.

What did you want to address in this study?
One of three patients with tuberculosis (TB) in the European Union/European Economic Area (EU/EEA) 
is foreign-born. However, there is limited evidence regarding risk assessment, curative and preventive 
management of TB in foreign-born individuals. We wanted to provide an evidence base for improved TB 
detection and prevention policies among foreign-born individuals in the EU/EEA.

What have we learnt from this study?
The burden of TB among foreign-born individuals is highly diverse and heterogeneously distributed across 
Europe. It often reflects historical links. A high TB incidence rate in a person’s country of origin is often not 
aligned with the risk of TB in their country of residence. Thus this should not be the only indicator used to 
inform guidelines for active case finding and TB prevention in EU/EEA countries.

What are the implications of your findings for public health?
The TB incidence rate in the country of origin is an insufficient indicator when targeting foreign-born 
populations for active case finding or TB prevention policies in Europe. Tuberculosis elimination strategies 
should be informed by regularly collected country-specific data to ensure that rapidly changing epidemiology 
and associated risks are addressed.

KEY PUBLIC HEALTH MESSAGE
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Reporting followed the STROBE guidelines [15].

Results
Questionnaires were returned by the end of September 
2022 for 30 of 31 countries. Data on foreign-born indi-
viduals who developed TB in 2020 in Latvia were not 
available as they were not recorded. Data on the num-
ber of foreign-born individuals living in Belgium, Malta 
and Romania were only partially available, and as data 
from 2020 were not available in France, we used the 
latest available data on the number of foreign-born 
individuals living in France in 2018. Malta and Greece 
reported low confidence in their total number of for-
eign-born individuals from Eritrea and Somalia. The 
complete dataset is shown in Supplementary Table S1. 

For Cyprus, Ireland and Romania there was no clear 
ranking for the 10th country due to an equivalent num-
ber of TB cases. Therefore, more than 10 countries were 
included in the analysis (Supplementary Table S2).

Country-specific sources of data on the num-
ber of foreign-born patients with TB are displayed 
in Supplementary Table S3.

Data describing 9,116 foreign-born TB cases were gath-
ered via this survey (Table). These cases stemmed from 
75 countries of origin and were recorded in 30 coun-
tries of residence, accounting for a total of 267 popula-
tions of foreign-born individuals.

Table
Number of tuberculosis cases among foreign-born residents and total number of foreign-born residents from the 10 highest 
ranked countries of origin in terms of the highest tuberculosis burden, European Union countries and Iceland, Norway, 
Switzerland and the United Kingdom, 2020

Country TB cases among foreign-
born residentsa

Total number of foreign-born 
residentsa

TB IR in foreign-born 
residentsa

TB IR as reported to the 
WHO in 2020b [5]

United Kingdom 1,997 2,579,000 77.4 6.9
Germany 1,543 4,452,141 34.7 5.5
France 1,439 3,146,068 45.7 8.2
Italy 884 2,328,403 38.0 6.6
Spain 819 2,673,525 30.6 7.3
Belgium 361 NA NA 7.7
Netherlands 299 630,455 47.4 4.1
Portugal 267 428,734 62.3 16.0
Greece 191 732,968 26.1 4.5
Austria 169 589,765 28.7 4.9
Sweden 165 580,798 28.4 3.6
Switzerland 160 498,680 32.1 4.7
Malta 116 NA NA 36.0
Denmark 114 143,226 79.6 4.9
Czechia 104 430,437 24.2 3.9
Ireland 96 165,080 58.2 5.3
Norway 95 165,727 57.3 3.1
Poland 81 1,564,051 5.2 9.6
Estonia 36 153,947 23.4 10.0
Romania 31 NA NA 64.0
Finland 30 193,967 15.5 3.6
Slovenia 30 155,458 19.3 4.1
Cyprus 26 75,594 34.4 5.7
Luxembourg 25 109,809 22.8 5.9
Lithuania 13 115,503 11.3 29.0
Iceland 9 27,593 32.6 2.8
Slovakia 8 55,306 14.5 3.2
Hungary 5 72,133 6.9 4.6
Bulgaria 2 4,192 47.7 19.0
Croatia 1 9,438 10.6 6.6

Total 9,116  

IR: incidence rate; NA: not available; TB: tuberculosis; WHO: World Health Organization.
a From the 10 highest ranked countries of origin in terms of number of notified TB cases among foreign-born individuals in the year 2020.
b Incidence rate is reported per 100,000 population in the year 2020.
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Migration between the country of origin and country of 
residence is shown in Figure 1. Eight countries of origin 
accounted for two thirds (64.4%) of the 9,116 TB cases 
in our sample: India (14.7%), Pakistan (9.7%), Romania 
(9.3%), Morocco (8.9%), Somalia (7.2%), Eritrea (6.3%), 
Afghanistan (4.5%) and Senegal (3.7%). All other coun-
tries accounted for less than 5% of all foreign-born TB 
cases and less than 500 cases each. In some countries 
of residence, we highlight specific migratory patterns 
within their top 10 countries of origin: foreign-born TB 

cases in the UK were often from Bangladesh, India or 
Pakistan. Similarly, the main migration pattern of TB 
cases from Bolivia, Colombia, Ecuador and Venezuela 
was towards Spain, and TB cases from Angola, Cabo 
Verde and Mozambique were mostly identified in 
Portugal. 

The TB IR calculation included 85 out of 267 popula-
tions of foreign-born individuals (Figure 2) accounting 
for 8,078 of 9,116 patients (88.2%) from 38 countries 
of origin. A total of 38 of 85 (44.0%) populations had 
a TB IR of more than 100 per 100,000, 20 (23.5%) had 
an IR of more than 200 per 100,000 and seven (8.2%) 
of more than 500 per 100,000. Individuals of Eritrean 
origin living in Malta and those of Somali origin liv-
ing in Malta and Greece had the highest TB IR with 
more than 1,000 per 100,000 population. The lowest 
IR (3.6/100,000) was found among Ukrainians living in 
Poland. Among the countries of origin of low TB burden 
according to WHO estimates (with a WHO-estimated TB 
IR of less than 100/100,000), there were four countries 
where foreign-born populations exceeded the TB IR of 
100 per 100,000 in their country of residence: (i) peo-
ple of Moroccan origin living in Belgium (89/80,579) 
(observed IR: 110.5/100,000, WHO estimated IR: 
98.0/100,000); (ii) people of Malian origin living in 
France (166/90,537) (observed IR: 183.4/100,000, 
WHO estimated IR: 52.0/100,000); (iii) people from 
Cabo Verde living in Portugal (41/36,609) (observed 
IR: 112/100,000, WHO estimated IR: 39.0/100,000). 
Tuberculosis IR in individuals of Eritrean origin (WHO 
estimated IR: 81/100,000) was higher than 100 per 
100,000 population in all countries of residence except 
for Norway and Sweden (see below).

Importantly, there were also nine countries of origin 
of high TB incidence (WHO-estimated IR of more than 
100/100,000) where migrant populations had a notably 
lower TB IR of less than 100 per 100,000 in the country 
of residence (alphabetical order): Bangladesh, Bolivia, 
Cameroon, Côte d’Ivoire, Indonesia, Madagascar, 
Nigeria, Philippines and Vietnam. A comparison of TB 
IR in foreign-born populations and TB notification rate 
instead of estimated TB IR is shown in Supplementary 
Figure S1.

Figure 3 shows the TB IRR, i.e. the TB IR in the country 
of residence divided by the WHO estimated TB IR in 
the country of origin. Of the 85 included foreign-born 
populations from 38 countries of origin, 19 (22.4%) 
from 10 countries had higher TB IRs than in the country 
of origin according to the WHO [5]. Eighteen popula-
tions (21.1%) from 11 countries of origin were within 
the WHO-estimated IR and its interval of uncertainty. 
For 48 populations (56.5%) from 25 countries of ori-
gin, TB IR in the country of residence was below the 
WHO estimate. The TB IR was below the WHO estimates 
for all observed populations for 23 of 37 countries of 
origin. IRR was highest in populations of Eritrean and 
Somali origin in Malta and of Somali origin in Greece 
(IRR > 5), followed by people of Eritrean origin in the 

Figure 1
Countries of origin of foreign-born tuberculosis cases 
residing in European Union countries and Iceland, 
Norway, Switzerland and the United Kingdom, 2020
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Croatia: 1

Country of residenceCountry of origin

Countries that appear among the countries of origin and the 
countries of residence are marked with an asterisk.
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UK (IRR=3.9), Germany (IRR=3.7) and the Netherlands 
(IRR=3.7), people of Malian origin in France (IRR=3.5) 
and from Cabo Verde in Portugal (IRR=2.9). When the 
TB IRR was calculated based on notified cases, 46 pop-
ulations (54.1%) were above and 39 (45.9%) below the 
IR in the country of origin (Supplementary Figure S2).

The distribution of TB IRs and IRRs in foreign-born 
populations among countries of residence is shown 
in Figure 4 for the most common countries of origin of TB 
cases (alphabetical order): Afghanistan, Eritrea, India, 
Morocco, Pakistan, Romania, Senegal and Somalia. 
High tuberculosis IRs (Figure 4A) were observed among 
populations of Afghani, Eritrean and Somali origin. The 
population of Afghani origin had a high IR of 337.5 
per 100,000 in France, 254.0 per 100,000 in Belgium 
and 224.8 per 100,000 in Greece, while there was a 
notably lower IR in the UK (119.1/100,000), Germany 

(50.0/100,000) and Austria (47.7/100,000) compared 
with an IR of 193 per 100,000 in Afghanistan. Incidence 
rates among people of Eritrean origin were highest 
in Malta (> 1,000/100,000), the UK (313.3/100,000), 
Germany (302.4/100,000) and the Netherlands 
(299.4/100,000) compared with 81 per 100,000 in 
Eritrea. In contrast, TB IRs were below 100/100,000 in 
Sweden for populations of both Somali and Eritrean 
origin. People of Somali origin exhibited very high TB 
IRs in Greece and Malta (more than 1,000/100,000), 
Italy (655.4/100,000), Belgium (587.8/100,000), 
Germany (503.2/100,000), Austria (417.7/100,000) and 
Switzerland (374.4/100,000), while the IR in Somalia 
was 259 per 100,000 population. Incidence rates in 
populations from India, Morocco, Pakistan, Romania 
and Senegal did not surpass 200 per 100,000 in any 
population or country of residence.

Figure 2
Observed incidence rate of tuberculosis per 100,000 foreign-born individuals per country of residence vs incidence in 
their country of origin as reported by the WHO based on estimated data, European Union countries and Iceland, Norway, 
Switzerland and the United Kingdom, 2020
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The TB IRR of people originating from Afghanistan 
in France was 1.7, i.e. the IR was 1.7-fold higher than 
in Afghanistan (Figure 4B). People of Eritrean ori-
gin showed the highest IRRs in Germany, Malta, the 
Netherlands and the UK (see above) and an IRR of 1.4 
in Switzerland. People from Somalia had IRRs of > 5, 2.5, 
2.3, 1.9, 1.8 and 1.4 in Greece, Malta, Italy, Belgium, 
Germany, Austria and Switzerland, respectively. 
Notably, the IR among people of Somali origin in the 
UK and both of Eritrean and Somali origin in Sweden 
was below the WHO-estimated IR range (0.6, 0.7 and 
0.2-fold, respectively).

The Bayesian analysis has shown that mean RR of 
TB in countries of residence varied between 0.34 for 
Sweden (95% CrI: 0.23–0.46) and 21.0 for Malta (13.2–
29.5). The mean RR of TB in countries of origin varied 
between 0.11 for Albania (0.05–0.17) and 20.5 for Libya 
(8.79–34.1) (see  Supplementary Tables S4 and S5  for 
details).

Discussion
In this survey we evaluated TB IRs in foreign-born indi-
viduals and compared the relative risk of TB in their 
country of residence with their country of origin. We 
identified populations of foreign-born individuals with 
a high risk of TB, higher than the WHO-estimated risk 
in their country of origin. To achieve TB elimination in 
Europe, we conclude that preventative TB strategies 
must address TB IRs in foreign-born individuals in 
their country of residence instead of relying on WHO-
reported TB IRs in their country of origin only.

Overall, most foreign-born TB patients in Europe 
originated from (in descending order of burden) 
India, Romania, Morocco, Pakistan, Somalia, Eritrea, 
Afghanistan, and Senegal. Reasons for the strong rep-
resentation of these countries of origin among foreign-
born individuals with TB are multifactorial but include 
historical ties, language, pre-existing communities, 
demand for workers in certain sectors, international 
trade and/or migration policies [16], but also migration 

Figure 3
Incidence rate ratio of tuberculosis in country of residence and incidence rate in country of origin as reported by the WHO 
based on estimated data, European Union countries and Iceland, Norway, Switzerland and the United Kingdom, 2020
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Figure 4
Tuberculosis incidence, European Union, Iceland, Norway, Switzerland and United Kingdom, 2020
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due to socioeconomic situation, civil unrest/war, cli-
mate change and natural disasters. These patterns 
become evident and are highlighted by migrant flows 
between countries of origin and countries of residence.

There was substantial heterogeneity in TB IRs among 
foreign-born individuals throughout the surveyed 
countries. In many European countries of residence 
we observed high TB IRs in people from Afghanistan, 
Eritrea and Somalia, areas with war or conflict situa-
tions that facilitate the spread and hamper the pre-
vention and control of TB. However, we also observed 
high IRs in specific populations such as people from 
Mozambique residing in Portugal. Previous research 
has shown that migration from outside the EU/EEA 
contributes markedly to the TB burden in the EU/EEA 
[17].

For almost 80% of the populations included in this 
dataset, the TB IR in the country of residence was not 
aligned with the WHO-estimated IR in the country of 
origin. In fact, 60% of populations had an IR below the 
WHO-estimated IR in the country of origin and 20% had 
a higher IR than estimated by the WHO for their country 
of origin.

Possible explanations for lower TB IRs in countries of 
residence could be lower risk of TB transmission in the 
country of residence, higher socioeconomic status of 
the migrants, long time passed since migration [18,19] 
and a long time since exposure to TB [20]. Effective 
past screening policies, for example systematic X-ray 
screening, might also contribute to decreased inci-
dence today. Low TB IRs in Somalian populations in 
Sweden illustrate this phenomenon. It results from a 
combination of factors, including longer residency in 
Sweden for the majority of Somalian individuals and 
the implementation of effective policies. These policies 
encompass free TB and latent TB testing for all asylum 
seekers arriving from Somalia, as well as the adminis-
tration of BCG vaccinations to children in families with 
ties to Somalia. These measures have been in place 
since 2008, with minor modifications in various years 
and provinces, as stipulated by the Swedish law (SFS 
nr: 2008:344) [21].

Possible explanations for higher TB IRs in countries 
of residence are routes of migration that are associ-
ated with a higher risk of transmission (e.g. residing 
in overcrowded refugee camps or travelling in crowded 
vehicles) as well as post-migration transmission (e.g. 
residing in refugee centres), short time since exposure 
or arrival, effective TB screening policies, lower socio-
economic status in their country of origin and a popula-
tion structure that mostly consist of young men. High 
IRs in, Afghani, Eritrean and Somalian populations in 
Malta and/or Greece may be examples of these factors.

People of Eritrean and Somalian origin accounted for 
more than half of the populations with higher TB IRs 
in the country of residence than the country of origin. 

Additionally, for Eritrea in particular, the WHO esti-
mates of 81 cases per 100,000 population are likely 
underestimated.

The RR of being notified with TB in a country of resi-
dence was highest in Malta. This could relate to a high 
number of migrants arriving in this country, sometimes 
temporarily. Malta often represents the first contact of 
non-European populations with the European health 
system. Generally, there is an increased risk of TB 
exposure or disease activation during migration, in 
addition to the risk of abuse, human rights violations 
[22,23]. Moreover, foreign-born individuals often seek 
care only at an advanced stage of TB disease [3] and 
there can be considerable delay in accessing diagnos-
tic services [24].

Our results suggest that the TB IR in the country of 
origin should not be the only indicator when deciding 
on active case finding or TB prevention policies for 
foreign-born populations [25]. Introducing a universal 
screening threshold for foreign-born individuals based 
on the TB IR in the country of origin, e.g. at an esti-
mated incidence rate of 100 per 100,000 population in 
the country of origin, may not be an effective screening 
method for all European countries. A study conducted 
in Germany found that the difference in observed yield 
of TB screening among asylum seekers from different 
countries of origin decreased gradually when higher 
cut-offs of WHO-estimated TB IRs were used [26]. In 
contrast with screening depending on a specific TB 
incidence in the country of origin, future strategies 
for TB prevention and early case finding on the path 
towards TB elimination should be guided by regularly 
collected country-specific data on populations at risk 
of developing TB.

Our study has several limitations. Given that individual 
patient data including age and year of arrival were not 
available in our data sources, it was not possible to 
investigate links with population characteristics. Data 
on age and sex would have been available through 
the ECDC European Surveillance System (TESSy) data-
base. However, data on the time of incident TB after 
arrival to the respective country in the EU/EEA are not. 
Future prospective studies would benefit from includ-
ing individual patient data to inform screening policies. 
We only considered notified foreign-born TB patients 
and only the total number of documented foreign-born 
individuals in a country of residence. Some TB patients 
included in our data could be among undocumented 
foreign-born individuals. Moreover, TB patients may 
remain undetected and 5–30% of foreign-born migrants 
may not be documented in their country of residence 
[27]. It is suggested that the burden of tuberculosis 
may be 10% higher in undocumented migrants [22,27], 
while others may have moved and may have been noti-
fied in two or more countries in 2020. There was also 
substantial variation in the country of origin TB IRs 
based on estimated numbers or notified numbers of 
cases, reflecting variations in the TB detection gap. 
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Factors that partly drive TB IRs, i.e. risk of transmission 
during and post migration, time since exposure and/or 
arrival, tuberculosis-screening policies in the country 
of residence, socioeconomic status in the country of 
origin and the reason for migration as well as demo-
graphic factors such as age and sex were not available 
for most surveyed countries. Tuberculosis reactivation 
rates post-migration are likely dependent on both time 
from exposure/migration and age [18,20]. Moreover, 
different European countries’ screening policies cer-
tainly impact TB detection and prevention. During 
the period 2011–2022, the annual average decline in 
TB IRs in the EU/EAA was 5.2%, with 6.2% achieved 
between 2019 and 2020 [4]. While it can be assumed 
that the observed decrease in TB incidence between 
2019 and 2020 was partly affected by a decrease in 
migration to the EU/EEA and decreased TB notifica-
tions due to COVID-19 restrictions in 2020 [5], our data 
are highly relevant to inform TB control strategies for 
the next decade. We only considered data from the 10 
countries of origin with the highest number of foreign-
born TB cases in each country of residence to find a 
balance between a broad representation of all coun-
tries in the region and the aim to capture foreign-born 
individuals at highest risk for TB in European countries 
of residence. This approach may have led to under-
representation of foreign-born individuals from coun-
tries with a lower number of TB cases in the included 
countries. Finally, we primarily based our analysis on 
estimated IRs in countries of origin as reported to the 
WHO because these data are predominantly available 
to policymakers. It is possible that for some countries, 
e.g. Eritrea, where the incidence estimates are low for 
the region while incidence is high in Eritrean migrants, 
WHO estimates of TB IRs are inaccurate, leading to 
incorrect guidance for TB screening.

Despite these limitations, our research using compre-
hensive latest available data from countries in the 
European Union and Iceland, Norway, Switzerland and 
the UK supports national solutions based on recent risk 
analyses to target TB prevention and case finding strat-
egies among foreign-born individuals. Social determi-
nants of health are known to be strong risk factors for 
progression towards active TB. Interventions aimed at 
improving socioeconomic conditions in foreign-born 
populations could prevent new TB cases.

Conclusion
The burden of TB among foreign-born individuals is 
highly diverse and heterogeneously distributed across 
Europe. A high TB IR in the country of origin is often 
not aligned with the risk of TB in foreign-born popula-
tions living in Europe. Therefore, this should not be the 
only indicator used to inform guidelines for active case 
finding and TB prevention in EU countries and Iceland, 
Norway, Switzerland and the UK. Curative and preven-
tative TB control and elimination strategies should be 
informed by regularly collected country-specific data 
to ensure that changing epidemiology and associated 
risks are addressed.

Ethical statement
This study did not require ethical board approval as no indi-
vidual patient data were evaluated.

Funding statement
This work has been carried with core funding by the German 
Centre for Infection Research (DZIF) for the clinical tubercu-
losis unit at DZIF.

Acknowledgements
The authors are grateful for the support of Erica Slump, 
National Institute of Public Health and the Environment 
(RIVM - CIb), Bilthoven, The Netherlands, for supplying data 
on the foreign-born patients with tuberculosis from the 
Netherlands. The authors wish to thank Paul McKeown, HSE 
Health Protection Surveillance Centre, Dublin, Ireland, for 
support in collecting data from Ireland.

Conflict of interest
None declared.

Authors’ contributions
C. Lange, A. Vasiliu and N. Köhler planned the study. All co-
authors contributed to providing data, which were for some, 
but not all countries, publicly available. A. Vasiliu, N. Köhler 
and E. Altpeter performed the analyses and drafted display 
items. All authors contributed to drafting and revision of the 
manuscript and agreed with the decision of submission for 
publication.

References
1. Koch R. Die Aetiologie der Tuberkulose.[The etiology of 

tuberculosis]. Berl Klin Wschr.1882;15:221-30. German.
2. McAuliffe M, Triandafyllidou A. World Migration Report 2022. 

Geneva: International Organization for Migration (IOM); 
2021. Available from: https://publications.iom.int/books/
world-migration-report-2022

3. Dhavan P, Dias HM, Creswell J, Weil D. An overview 
of tuberculosis and migration. Int J Tuberc Lung Dis. 
2017;21(6):610-23.  https://doi.org/10.5588/ijtld.16.0917  
PMID: 28482955 

4. European Centre for Disease Prevention and Control (ECDC), 
and World Health Organization Regional Office for Europe. 
Tuberculosis surveillance and monitoring in Europe 2022 – 
2020 data. Copenhagen: WHO Regional Office for Europe and 
Stockholm: ECDC; 2022. Available from: https://www.ecdc.
europa.eu/en/publications-data/tuberculosis-surveillance-
and-monitoring-europe-2022-2020-data

5. World Health Organization (WHO). Global Tuberculosis Report. 
Geneva: WHO; 2021. Available from: https://www.who.int/
publications/i/item/9789240037021

6. Lönnroth K, Raviglione M. The WHO’s new End TB Strategy 
in the post-2015 era of the Sustainable Development Goals. 
Trans R Soc Trop Med Hyg. 2016;110(3):148-50.  https://doi.
org/10.1093/trstmh/trv108  PMID: 26884490 

7. Hollo V, Beauté J, Ködmön C, van der Werf MJ. Tuberculosis 
notification rate decreases faster in residents of native 
origin than in residents of foreign origin in the EU/EEA, 
2010 to 2015. Euro Surveill. 2017;22(12):30486.  https://doi.
org/10.2807/1560-7917.ES.2017.22.12.30486  PMID: 28367798 

8. Lönnroth K, Mor Z, Erkens C, Bruchfeld J, Nathavitharana 
RR, van der Werf MJ, et al. Tuberculosis in migrants in 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.42.2300051&domain=pdf&date_stamp=2023-10-19


11www.eurosurveillance.org

low-incidence countries: epidemiology and intervention entry 
points. Int J Tuberc Lung Dis. 2017;21(6):624-37.  https://doi.
org/10.5588/ijtld.16.0845  PMID: 28482956 

9. Matteelli A, Rendon A, Tiberi S, Al-Abri S, Voniatis C, Carvalho 
ACC, et al. Tuberculosis elimination: where are we now? Eur 
Respir Rev. 2018;27(148):180035. . Available from: https://
err.ersjournals.com/content/27/148/180035 https://doi.
org/10.1183/16000617.0035-2018  PMID: 29898905 

10. Styblo K. The elimination of tuberculosis in The Netherlands. 
Bull Int Union Tuberc Lung Dis. 1990;65(2-3):49-55. PMID: 
2257359 

11. D’Ambrosio L, Dara M, Tadolini M, Centis R, Sotgiu G, 
van der Werf MJ, et al. , European national programme 
representatives. Tuberculosis elimination: theory and practice 
in Europe. Eur Respir J. 2014;43(5):1410-20.  https://doi.
org/10.1183/09031936.00198813  PMID: 24389868 

12. European Centre for Disease Prevention and Control (ECDC). 
Programmatic management of latent tuberculosis infection 
in the European Union. Stockholm: ECDC; 2018. Available 
from: https://www.ecdc.europa.eu/en/publications-data/
programmatic-management-latent-tuberculosis-infection-
european-union

13. Lorenz M, Aisch G, Kokkelink D. Datawrapper. Enrich your 
stories with charts, maps, and tables. [Accessed: 19 Sep 2023]. 
Available from: https://www.datawrapper.de/

14. SankeyMATIC. Make beautiful flow diagrams. [Accessed: 1 Aug 
2022]. Available from: https://sankeymatic.com/

15. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP, STROBE Initiative. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. 
Lancet. 2007;370(9596):1453-7.  https://doi.org/10.1016/
S0140-6736(07)61602-X  PMID: 18064739 

16. World Health Organization (WHO). Tuberculosis prevention and 
care among refugees and other populations in humanitarian 
settings: an interagency field guide. Geneva: WHO; 2 Mar 
2022. Available from: https://www.who.int/publications/i/
item/9789240042087

17. Ködmön C, Zucs P, van der Werf MJ. Migration-related 
tuberculosis: epidemiology and characteristics of tuberculosis 
cases originating outside the European Union and European 
Economic Area, 2007 to 2013. Euro Surveill. 2016;21(12):30164.  
https://doi.org/10.2807/1560-7917.ES.2016.21.12.30164  PMID: 
27039665 

18. Dale KD, Trauer JM, Dodd PJ, Houben RMGJ, Denholm JT. 
Estimating Long-term Tuberculosis Reactivation Rates in 
Australian Migrants. Clin Infect Dis. 2020;70(10):2111-8.  
https://doi.org/10.1093/cid/ciz569  PMID: 31246254 

19. van den Boogaard J, Slump E, Schimmel HJ, van der Hoek 
W, van den Hof S, de Vries G. High Incidence of Active 
Tuberculosis in Asylum Seekers from Eritrea and Somalia in the 
First 5 Years after Arrival in the Netherlands. Emerg Infect Dis. 
2020;26(4):675-81.  https://doi.org/10.3201/eid2604.190123  
PMID: 32186488 

20. Dale KD, Karmakar M, Snow KJ, Menzies D, Trauer JM, Denholm 
JT. Quantifying the rates of late reactivation tuberculosis: 
a systematic review. Lancet Infect Dis. 2021;21(10):e303-
17.  https://doi.org/10.1016/S1473-3099(20)30728-3  PMID: 
33891908 

21. Swedish Parliament. Lag (2008:344) om hälso- och 
sjukvård åt asylsökande m.fl. [Act (2008:344) on 
healthcare for asylum seekers and others]. Stockholm: 
Swedish Parliament. [Accessed 3 Oct 2023]. Swedish. 
Available from: https://www.riksdagen.se/sv/dokument-
och-lagar/dokument/svensk-forfattningssamling/
lag-2008344-om-halso-och-sjukvard-at_sfs-2008-344/

22. Wild V, Jaff D, Shah NS, Frick M. Tuberculosis, human 
rights and ethics considerations along the route of a highly 
vulnerable migrant from sub-Saharan Africa to Europe. Int J 
Tuberc Lung Dis. 2017;21(10):1075-85.  https://doi.org/10.5588/
ijtld.17.0324  PMID: 28911349 

23. Walker TM, Merker M, Knoblauch AM, Helbling P, Schoch OD, 
van der Werf MJ, et al. , MDR-TB Cluster Consortium. A cluster 
of multidrug-resistant Mycobacterium tuberculosis among 
patients arriving in Europe from the Horn of Africa: a molecular 
epidemiological study. Lancet Infect Dis. 2018;18(4):431-
40.  https://doi.org/10.1016/S1473-3099(18)30004-5  PMID: 
29326013 

24. Heuvelings CC, de Vries SG, Grobusch MP. Tackling TB in low-
incidence countries: improving diagnosis and management in 
vulnerable populations. Int J Infect Dis. 2017;56:77-80.  https://
doi.org/10.1016/j.ijid.2016.12.025  PMID: 28062228 

25. Arrazola de Oñate W, Weber L, Janssens K, Wanlin M, Forier 
A, Schol S, et al. Tuberculosis screening yield of asylum 
seekers in Europe. Eur Respir J. 2016;48(4):1253-4.  https://doi.
org/10.1183/13993003.00991-2016  PMID: 27694419 

26. Bozorgmehr K, Preussler S, Wagner U, Joggerst B, Szecsenyi 
J, Razum O, et al. Using country of origin to inform targeted 
tuberculosis screening in asylum seekers: a modelling study 
of screening data in a German federal state, 2002-2015. BMC 
Infect Dis. 2019;19(1):304.  https://doi.org/10.1186/s12879-
019-3902-x  PMID: 30943917 

27. Heldal E, Kuyvenhoven JV, Wares F, Migliori GB, Ditiu L, 
Fernandez de la Hoz K, et al. Diagnosis and treatment 
of tuberculosis in undocumented migrants in low- or 
intermediate-incidence countries. Int J Tuberc Lung Dis. 
2008;12(8):878-88. PMID: 18647446

License, supplementary material and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate 
if changes were made. 

Any supplementary material referenced in the article can be 
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2023.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.42.2300051&domain=pdf&date_stamp=2023-10-19

