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Yield of tuberculosis screening in
asylum-seekers by country of origin:
analysis of screening data in a German
federal state (2002–2015)
To the Editor:
Upon-entry screening for tuberculosis (TB) in immigrants plays a major role in national TB programmes
of many low TB incidence countries [1]. The majority of European countries conduct routine screening
for active TB in refugees and asylum-seekers using chest radiography alone or combined with other
diagnostics [2]. Few countries, however, perform targeted screening among the heterogeneous group of
asylum-seekers and refugees by using specific selection criteria [3]. Country of origin may serve as a
selection criterion [4] to target and prioritise specific sub-groups and avoid “indiscriminate mass
screening” [5]. Targeted screening would support front-line health workers to cope with the challenge of
performing screening for TB in times of high immigration [6], e.g. in Germany when about 1 million new
asylum-seekers were registered in 2015. Despite being desirable, so far a lack of empirical evidence
precludes the (objective) determination of a suitable target group in asylum-seekers and refugees: only a
few studies have reported the yield of screening for TB by country of origin [7].
We analysed the yield of active TB ( per 100 000 asylum-seekers) and the number needed to screen (NNS) to
identify one case (1/yield) [5], stratified by age-group, sex and country of origin using data of 119 037
asylum-seekers from >80 countries undergoing mandatory upon-entry screening in a state reception centre
(2002–2015) in South Germany (Karlsruhe, Baden-Württemberg). The centre quasi-randomly received
about 13% of newly arriving asylum-seekers to Germany based on a quota (Königsteiner Schlüssel). Newly
arriving asylum-seekers reside in shared accommodation facilities and must undergo a mandatory health
examination according to national law (Asylum Law and Infection Protection Act). The health examination
consists of symptom-based screening (all asylum-seekers) and a compulsory chest radiograph
(asylum-seekers 15 years and older except pregnant women) to identify pulmonary TB [8]. Upon-entry
screening for TB in children or pregnant women is governed by different policies at the level of the 16
federal states [8, 9]. In the state of Baden-Württemberg, the initial screening consisted of a tuberculin skin
test (2002–2010) and symptom-based screening (2011–2015) for children <15 years, and a tuberculin skin
test or interferon-γ release assay for pregnant women in the observation period [8]. Asylum-seekers with
presumptive TB undergo further diagnosis by means of a facultative chest computed tomography scan, a
sputum test (microscopy or PCR) and culture tests. In this study a TB case was defined by the fact that the
physician decided to start treatment (including clinically diagnosed cases, smear-positive cases and/or
culturally confirmed TB). According to German law, the local public health authority must be notified about
these cases. The results of the health entry examination, including the final results of mandatory TB
screening, are registered by the local public health authority in an electronic self-designed database. As the
study findings were based on anonymous secondary data, the study was exempt from ethical clearance
according to the regulations of the medical ethics committee of the Medical Faculty of Heidelberg University.
The country of origin was determined by the asylum-seekers’ nationality. We focused on country of origin
as a predictor variable, as opposed to a classification of countries, e.g. based on their TB incidence, since
we were ultimately interested in country-specific effects and predictions. Not all individual country effects
could be estimated since the ability to fit a model depends on the number of detected cases and the
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number of observations, and reasonably precise estimates could only be expected from countries with
either substantial case load or screening volume (or, at best, both). We thus denoted countries with five or
more detected active TB cases as “high-case” and those with >5000 individuals screened as “high-screen”
countries. Crude and age-/sex-adjusted relative risks (RRs) of TB with 95% credible intervals (CrIs) were
obtained in each group from Bayesian Poisson regression models. The analyses were performed using
“Stan” [10] via the interface “rstan” in the R language and environment for statistical computing.
A total of 98 cases of active TB were identified in the scope of upon-entry screening in 119 037
asylum-seekers (mean±SD age, 25±13 years; 69% male) from more than 80 countries over 14 years,
corresponding to an overall yield of 82 ( per 100 000) and an overall NNS of 1215. 69% of cases were
detected in asylum-seekers from nine different countries of origin (Cameroon, Eritrea, Gambia, Georgia,
Kosovo, Pakistan, Russia, Somalia and Syria). Absolute numbers of identified cases per year increased
substantially after 2013, but the overall yield decreased by more than 50% in 2015 compared with the
preceding decade (2002–2012), indicating a decline in screening efficiency because of the changing
composition of the screened population. The yield was highest in asylum-seekers aged 20–39 years. The
estimated NNS was highest for children <15 years and women, and ranged between 146 for asylum-seekers
from Somalia (lowest) to 9955 for asylum-seekers from Iraq (highest) (table 1).
The yield of screening in asylum-seekers from the majority of countries was below 200 per 100 000 (except
Cameroon, Georgia, Gambia, Sudan, Vietnam, Eritrea and Somalia). More than 10 000 asylum-seekers
from Iraq, Syria and Kosovo were screened, with a yield of <50 per 100 000. The adjusted RR for countries
in the high-case group relative to other countries ranged from 11.85 (95% CrI 4.70–26.65) for Somali to
0.67 (0.22–1.68) for Syrian asylum-seekers. For countries in the high-screen group it ranged from
1.78 (0.99–3.15) for Gambia to 0.06 (<0.01–0.36) for Iraq.
Few studies have yet analysed the yield of TB screening in asylum-seekers by country of origin adjusted for
age and sex [7]. Our analysis suggests that active TB cases identified by upon-entry screening are
concentrated in a few countries, and that efficiency of screening is particularly high and therefore more
warranted in these countries (e.g. Cameroon, Eritrea, Gambia, Georgia, Pakistan, Russia and Somalia).
Based on an analysis of national data, the Netherlands also observed a decline in annual yield of screening
because of high immigration of asylum-seekers from countries with traditionally low TB incidence such as
Iraq, Iran and Syria. Screening in asylum-seekers with a TB incidence in the country of origin <50 per 100
000 population (such as Syria) was therefore stopped, and an NNS of 2000 was used as a cut-off to decide
on the continuation of screening [11].
Based on this cut-off and the estimated NNS in our study, screening by chest radiograph in
asylum-seekers from Afghanistan, Iraq, Kosovo, Macedonia and Syria would need to be discontinued and
replaced by other case-finding activities. However, TB is a rare outcome and previous country-specific
analyses are based on a few cases [11] or on aggregated continent data [7]. This entails high uncertainty
(i.e. wide CrIs) in estimates of yield and NNS. The estimated NNS for some countries in our sample,
especially “high-screen” countries such as Iraq, Afghanistan, Syria, Macedonia and Kosovo, is very high,
but the CrIs are wide and often include the cut-off of 2000. The NNS estimates for the “high-case”
countries were more precise. Continuing screening in asylum-seekers from "high case" countries is likely to
increase efficiency and appears to be “a good bet”, but discontinuing screening in the other group would
come with considerable uncertainty. This uncertainty could be reduced, for example by pooling data across
regions and countries with comparable screening protocols [12], and/or by using external ( prior)
information, e.g. from WHO prevalence data or clinical assessments [13] in order to obtain better
estimates of country-specific risk. Uncertainty aside, the current practice of (indiscriminate) screening for
TB in the heterogeneous group of asylum-seekers appears to have potential for optimising efficiency. Our
analysis thus reconfirms overall concerns about the effectiveness [1, 5] and costs [14] of screening.
Estimates of average yield of TB screening in asylum-seekers, such as those generated by systematic reviews
[1] and meta-analyses [7, 15] are indicative, but are at the same time only crude estimates masking
substantial variance in yield among asylum-seekers from different countries of origin.
Characteristics such as sex and age are also likely to affect the yield of screening. The NNS among children
aged <15 years was very high and above the cut-off of 2000. Only four cases of TB in children were
identified (2002–2015), and it cannot be ruled out that these were identified primarily because of contact
investigations of infected relatives. Further research is necessary to assess the effectiveness in this vulnerable
sub-group of asylum-seekers, as country of origin may play a role among these as well. Timing of screening,
transmissions avoided or the number of false negatives would be relevant areas to consider in future studies.
The study underlines the need for more targeted TB screening strategies. To this end, external ( prior)
information and large data samples gained by pooling datasets are needed to derive precise estimates of
the risk for TB in asylum-seekers by country of origin.
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TABLE 1 Yield of screening, number needed to screen, and relative rates of yield obtained from Bayesian Poisson regression models
Characteristic

N

Cases with active
TB detected

Yield of active TB per
100 000 screened (95% CrI)

Number needed to
screen to detect 1 case
of active TB (95% CrI)

Relative risk (95% CrI)

Mutually adjusted model I:
countries >5 cases versus other

24 249
35 390
51 111
7583
616

4
35
56
3
0

16 (6, 39)
99 (70, 136)
110 (84, 141)
40 (11, 106)

6062 (2550, 17 959)
1011 (736, 1427)
913 (708, 1196)
2528 (947, 8974)

0.20 (0.08, 0.64)
0.74 (0.48, 1.16)
Ref.
0.48 (0.13, 1.42)
0.06 (<0.01, 3.11)

0.22 (0.07,
0.85 (0.55,
Ref.
0.45 (0.11,
0.03 (1.18,

0.59)
1.31)

36 872
82 051

13
85

35 (20, 59)
104 (83, 127)

2836 (1707, 5060)
965 (785, 1200)

Ref.
2.09 (1.17, 3.97)

Ref.
2.09 (1.15, 3.96)

36 647
14 407
23 916
44 067

41
7
24
26

112 (81, 150)
49 (22, 95)
100 (66, 147)
59 (39, 85)

894 (666, 1228)
2058 (1048, 4601)
997 (681, 1516)
1695 (1175, 2534)

Ref.
0.42 (0.17, 0.91)
0.65 (0.36, 1.17)
0.52 (0.30, 0.90)

Ref.
0.48 (0.20, 1.05)
0.99 (0.58, 1.68)
0.68 (0.40, 1.14)

7433
2506
1941
6971
2121
9955
20 336
7005
5103
3026
1025
17 172

2
5
9
18
5
1
7
2
7
5
7
5

27 (6, 86)
200 (76, 437)
464 (230, 845)
258 (159, 399)
236 (90, 516)
10 (1, 47)
34 (15, 68)
29 (6, 92)
137 (61, 269)
165 (63, 362)
683 (306, 1336)
29 (11, 64)

3716 (1159, 17 883)
501 (229, 1313)
216 (118, 435)
387 (251, 630)
424 (194, 1111)
9955 (2130, 92 262)
2905 (1480, 6494)
3502 (1092, 16 854)
729 (372, 1629)
605 (276, 1585)
146 (75, 327)
3434 (1567, 9000)

1.31)
3.94)

0.22 (0.04, 0.82)
2.70 (0.90, 6.68)
8.95 (3.83, 19.77)
4.53 (2.42, 8.37)
4.05 (1.37, 10.26)
0.86 (0.34, 1.91)
1.88 (0.74, 4.17)
3.17 (1.07, 7.90)
11.85 (4.70, 26.65)
0.67 (0.22, 1.68)
Ref.

1.78 (0.99, 3.15)
0.06 (<0.01, 0.36)
0.37 (0.15, 0.80)
0.31 (0.06, 1.14)
0.87 (0.37, 1.84)

0.27 (0.09, 0.65)
Ref.

The Watanabe-Akaike information criterion (WAIC) was 304 in the mutually adjusted model I and 260 in the mutually adjusted model II. Lower values of the WAIC indicate a better
prediction model. #: countries with either ⩾5 cases of active tuberculosis (TB) detected or more than 5000 individuals screened. RR: relative risk; CrI: credible interval.
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Age group
<15 years
15–24 years
25–44 years
45–64 years
>64 years
Sex
Female
Male
Year
2002–2012
2013
2014
2015
Country#
Afghanistan
Cameroon
Eritrea
Gambia
Georgia
Iraq
Kosovo
Macedonia
Pakistan
Russia
Somalia
Syria
Other

Mutually adjusted model II: countries
with >5000 screened versus other
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