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abstRact
IntroductIon: Even in low-incidence countries, tubercu-
losis (TB) is common among socially marginalised people. 
Latent tuberculosis infection (LTBI) comprises a reservoir  
for future disease, and screening for LTBI and TB in these 
groups aid in the prevention and early detection of TB.
Methods: We performed a screening for LTBI with inter-
feron gamma release assay (IGRA) testing, and TB screening 
with sputum smear examination at four shelters and four 
additional locations in a Danish urban area. Additionally, 
shelter volunteers were offered examination.
results: A total of 145 subjects were tested; 124 with spu-
tum smear and 100 with IGRA. Overall, 13 (13%) had LTBI, 
and one (0.8%) had smear-negative, culture-positive, non-
cavitating TB. Among 107 socially marginalised citizens,  
persons of Greenlandic origin had significantly more LTBI 
(40.0%) than Danish subjects (9.1%) (odds ratio (OR) = 6.67 
(range: 1.55-28.63)), and other ethnicities had an interme-
diate prevalence of LTBI (18.2%) (OR versus Danish subjects 
= 2.22 (range: 0.35-14.06)). A total of 38 shelter volunteers 
were also included; IGRA was performed in 30 of those and 
one (3.33%) had LTBI. 
conclusIons: Our results confirm that a screening ap-
proach may reveal early cases of active TB. LTBI is common 
among the socially marginalised people, but varies substan-
tially with ethnic origin. 
FundIng: T-spot.TB kits were provided by Oxford Immu no-
tec.
trIal regIstratIon: not relevant.

Tuberculosis (TB) remains a major global health threat 
with nine million new cases and 1.5 million TB deaths in 
2013 [1] which makes TB control a global priority. In 
Denmark, the TB incidence saw a drastic fall from the 
1950s up to the mid 1980s, after which the incidence 
rose again due to immigration from high-incidence 
countries [2]. In recent years, the incidence has re-
mained stable, but a growing number of cases possibly 
being infected in Denmark have been reported indicat-
ing substantial ongoing disease transmission [3]. In Den-
mark, as in other low-incidence countries, TB is found 
mostly in certain high-risk groups, including immigrants 
from high-incidence countries, drug addicts, alcoholics 
and socially marginalised people [4, 5]. Socially margin-

alised people of Greenlandic origin are a specific risk 
group in Denmark [2, 4, 6]. Focus on these groups in 
 active TB tracing and disease prevention has been re-
cognised as an important part of fighting TB in low-inci-
dence settings [5-7], and a simpler measure for detec-
tion of TB at an early stage is needed. The aim of this 
study was to assess the utility of a combination of inter-
feron gamma release assay (IGRA) and a single sputum 
sample to detect active TB and  latent Mycobacterium 
tuberculosis infection (LTBI),  using a screening approach 
in high-risk groups [8, 9]. Secondarily, we aimed to gain 
knowledge about the prevalence of LTBI among socially 
marginalised people in a Danish urban area.

mEthOds
A total of four shelters/drop-in centres were identified  
in Aarhus by contact to the municipality and local non-
governmental organisations. All four shelters were visited 
at least once. In addition, we visited two temporary resi-
dences for socially marginalised people, one common 
house and one particular street corner where socially 
marginalised frequently gather. Screening visits were an-
nounced beforehand at the sites. Everyone present at the 
sites, both users and staff, were offered testing. All sub-
jects were offered IGRA testing (T-spot.TB. Oxford Immu-
notec, Abingdon, UK) and examination of a sputum sam-
ple. Subjects were individually instructed in delivering the 
sputum sample by a health professional. Additionally, a 
simple questionnaire was completed covering experience 
of night sweats, prolonged cough or weight loss in the 
preceding three months. Sputum samples were analysed 
at the International Reference Laboratory of Mycobac-
teriology, Statens Serum Institut, Denmark using auram-
ine-rhodamine fluorescence smear microscopy, and cul-
tured for mycobacteria on liquid and solid media.

T-spot.TB samples were analysed by trained staff 
from the laboratory at the Department of Respiratory 
Diseases, Aarhus University Hospital. 

Individuals with positive IGRA test were offered fur-
ther assessment, including physical examination and 
chest X-ray. The assessment resulted in either further 
follow-up with X-ray, prophylactic chemotherapy, or no 
further action in case of evidence of prior TB or prior 
documentation of LTBI and no signs of active disease.
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Individuals with a positive smear or culture were 
 referred for regular TB treatment.

The study was approved by the ethics committee of 
the Central Danish Region. 

Trial registration: not relevant.

REsUlts
From October 2013 to December 2014, 145 people were 
tested for TB and/or LTBI; 84 men and 61 women, with  

a mean age of 46.6 years (range: 20-83 years). Two indi-
viduals were tested twice. A total of 79 people were 
tested by both sputum sampling and IGRA, 45 had only 
the sputum test done and 21 only the IGRA. We included 
107 socially marginalised citizens and 38 shelter volun-
teers (table 1).

Of 100 IGRA tests, 13 were positive and three were 
borderline positive. One person had an IGRA test done 
twice at a 12-month interval, and converted from nega-
tive to positive. Of 30 volunteers, only one (3.3%) had 
LTBI compared with 12 out of 70 (17.1%) socially mar-
ginalised people. IGRA results are outlines by gender, 
risk groups, housing status and ethnicity in table 2. 
Overall, being of Greenlandic origin was the strongest 
risk factor for LTBI. 

Among the 70 socially marginalised subjects tested 
by IGRA, 15/70 (21.4%) were of Greenlandic origin, 
44/70 (62.9%) were of Danish origin and 11 (15.7%) 
were of other origin than Greenlandic and Danish origin. 
Of these, six of 15 (40.0%) Greenlandic subjects had 
LTBI, four of 44 (9.1%) Danish subjects had LTBI, and 
2/11 (18.2%) subjects of other origin had LTBI. Also, in 
the subgroup analysis, Greenlandic origin was associated 
with a significantly higher risk of LTBI than Danish origin 
(mean odds ratio (OR) = 6.67 (range: 1.55-28.63)), 
whereas subjects of other than Danish or Greenlandic 
origin had a trend towards an intermediate risk, mean 
OR = 2.8 (range: 0.47-16.64).  

tablE 2

Sputum sample results and T-spot.TB results by gender, housing status and ethnicity groups.

sputum, n

smear  
microscopy

mycobacterium  
tuberculosis complex 
culture detected

t-spot.tba

Population n
age, mean  
(range), yrs total aFb no aFb yes no

total,  
n

positive,  
n

border-
line, n

negative, 
n

OR, positive tspot, 
mean (range)

All 145 46.6 (20-83) 124 0 124 1 123 100 13 3 84 –

Gender
Male   84 48.1 (26-83)   74 – – 0   74   58   7 0 51 1

Female   61 44.7 (20-70)   50 – – 1   49   42   6 3 33 1.21 (0.38-3.92)

High-risk group
Socially marginalized citizens 107 46.5 (20-83)   95 – – 1   94   70 12 1 57 1

Shelter volunteers   38 47.1 (39-68)   29 – – 0   29   30   1 2 27 0.16 (0.02-1.34)

Housing status
Permanent address 130 40.7 (24-71) 109 – – 1 108   91 11 3 77 1

No permanent address   15 47.3 (20-83)   15 – – 0   15     9   2 0   7 2.08 (0.38-11.30)

Ethnicity
Danish   99 47.9 (20-83)   83 – – 0   83   68   5 0 63 1

Inuit   30 42.9 (24-59)   27 – – 1   26   21   6 3 12 5.04 (1.35-18.75)

Foreign born, others   16 46 (29-64)   14 – – 0   14   11   2 0   9 2.80 (0.47-16.64)

AFB = acid fast bacilli; CFP-10 = 10-kDa culture filtrate protein; ESAT-6 = 6-kDa early secreted antigen target; OR = odds ratio.
a) T-spot.TB is considered positive if ≥ 8 spots are observed in the ESAT-6 well and/or the CFP-10 well after subtraction of the nil result, and borderline if the strongest response is 5-7 
spots after subtraction of the nil result.

tablE 1

Demographic data on 
study participants, shelter 
volunteers and socially 
marginalised citizens.

shelter  
volunteers

socially  
marginalised  
citizens p-value

Total, n 38 107

Age, mean (range), yrs 47.1 (42.8-51.5) 46.5 (44.2-48.8) 0.6077

Gender, n (%) 0.007

Male 15 (39.5) 69 (64.5)

Female 23 (60.5) 38 (35.5) 

Permanent addressa 37 (97.4) 93 (86.9) 0.069

Ethnicity, n (%)
Danish 31 (81.6) 68 (63.6) 0.04

Inuit   7 (18.4) 23 (21.5) 0.688

Others   0 16 (15.0) 0.011

a) Based on whether the person had a publicly registered address.
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Incidence of LTBI varied considerably between loca-
tions: 27.7% (5/18) at one shelter and 60% (3/5) at a 
common house outside the city centre; 14.6% (7/48) 
and 3.4% (1/29) at two other shelters. The incidence of 
LTBI by location generally reflected the ethnicity of the 
subjects, being mainly Greenlandic at the two high-inci-
dence locations. Of the 124 sputum samples collected, 
none were smear-positive, but one was culture-positive 
for M. tuberculosis: a 36-year-old woman of Greenlandic 
origin (Figure 1). 

A total of 16 subjects had positive or borderline 
IGRA; among them were the single active TB case. Of the 
remaining 15 with positive/borderline IGRA, nine were 
seen in the local hospital’s out-patient department for 
X-ray and clinical examination, none revealing signs of 
active TB. Hereof, five were scheduled for further X-ray 
follow-up, and two of these (40%) were lost to follow-
up. In four cases, the attending physician did not find 
that further follow-up was necessary. Six patients were 
not seen in the out-patient department; five were lost to 
follow-up, and one had known LTBI and further evalu-
ation was judged not to be necessary (Figure 1).

discUssiOn
This study reveals some important points for further 
control of TB in low-incidence countries: Firstly, the 
prevalence of LTBI varies with both social status and eth-
nicity; and secondly, active TB cases may be detected us-
ing a single sputum sample, possibly at an earlier stage 
than when relying on passive case finding. 

In the present study, we found that the LTBI preva-
lence was 17% among socially marginalised people  
compared with 3.3% among shelter staff. A few studies 
have previously investigated the prevalence of LTBI in 
Western countries; a British study [10] including 149 
subjects from hospital wards with a median age of 71 
years found 8.7% positive IGRA tests. A Danish study 
[11] investigated the results of IGRA tests of 517 pa-
tients prior to anti-TNF-α therapy finding 4.6% positive 
tests; and a multi-centre study [12] with centres in both 
high- and low-incidence countries found a positive IGRA 
test prevalence of 7.0% in 2,282 patients (median age = 
49 years) with inflammatory diseases prior to anti-TNF-α 
therapy. Although the difference in LTBI prevalence be-
tween shelter staff and socially marginalised is not stat-

FigURE 1

Flow chart: socially marginalised and shelter volunteers.
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IGRA = interferon gamma release assay; LTBI = latent tuberculosis infection.
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istically significant, we find that our results and the re-
sults of the above-mentioned studies support the notion 
that LTBI is more prevalent among socially marginalised 
than in the background population. 21% of the socially 
marginalised tested people were Greenlandic, and in 
this group the prevalence of LTBI was 40%, while the 
prevalence in the group of Danish marginalised persons 
was 9%. This difference reflects the higher prevalence of 
TB in Greenland compared with Denmark, but may also 
indicate a higher degree of ongoing disease transmis-
sion. Of 95 sputum samples from socially marginalised 
subjects, one was culture-positive for M. tuberculosis. 
This positive rate of 1.05% is lower than what was found 
by Jensen et al in a screening among homeless people in 
the city of Copenhagen (3.35%) [9], although not statis-
tically significantly so as our study has low absolute 
num bers. The overall incidence of TB is higher in Copen-
hagen than in Aarhus [13], and the incidence may there-
fore also be higher among homeless people in Copen-
hagen. Another explanation could be the sampling 
process. Contrary to Jensen et al, the participants in our 
study were not systematically supervised while deliver-
ing the sputum sample. This might cause low quality 
samples in some cases, yielding a lower detection rate. 
Jensen et al did not report the ethnicity of the screened 
population. A high rate of participants from high-inci-
dence countries in the Copenhagen study could also ex-
plain the trend of higher numbers of TB cases in Copen-
hagen. 

The participant with TB had discrete symptoms, no 
pathology on the chest X-ray, and was smear-negative. 
The culture turned positive after several weeks. We 
therefore assume that she was at an early stage of dis-

ease, and it seems likely that she would not have pre-
sented herself for examination until several months later 
in a passive case-finding setting. As active disease trans-
mission is ongoing in this environment, early detection 
of a few TB cases most likely contributes to improved TB 
control by preventing secondary cases. 

We experienced significant challenges in re-locating 
patients scheduled for follow-up for LTBI, and many 
were lost. Some had no telephone or no address. Many 
did not show up for planned consultations. Follow-up 
was performed from an outpatient clinic, and resources 
were not sufficient to individually trace persons who did 
not show up although efforts were made through con-
tact to the shelters and street nurses. Current Danish 
guidelines recommend prophylactic chemotherapy in 
cases of recent exposure [2], which is generally con-
sidered to be less than two years after known exposure 
to contagious TB. In the present study population, the 
exposure profile was generally not obvious. For exam-
ple, the high rate of LTBI among Greenlanders may be 
due to exposure in early life, or it may be due to active 
disease transmission within this well-defined population 
group. Due to the difficulties in evaluating the exposure 
profile and due to fear of poor compliance, our experi-
ence is that LTBI subjects from socially marginalised 
groups are rarely offered prophylactic treatment. Im-
portantly, though, these population groups have a high 
prevalence of conditions associated with risk of progres-
sion to active TB, including alcoholism, tobacco smoking 
and a poor nutritional status – as well as ongoing dis-
ease transmission. Keeping the high loss rate during 
X-ray follow-up in mind, immediate treatment initiation 
could be cost-effective and appropriate. The newly de-
scribed 12-dose once weekly or a one-month regimen 
[13, 14] may very well improve success rates from pro-
phylactic treatment in this group, reducing the risk of 
missed TB cases due to loss to follow-up [15, 16]. 

Our study has some limitations; firstly, we have no 
data on the subpopulation that declined screening; non-
participation bias might have made the study population 
less representative of the target population. This is also 
true for an important prior study in a similar population 
[9], and including data on non-participants should be 
considered in future studies. Though we do not have 
data to support it, the investigators feel that the main 
reasons for non-participation were recent testing in con-
tact investigation, inability to produce sputum samples 
and failure to obtain blood samples due to destructed 
veins (substance abusers). 

Secondly, including more questions regarding the 
participants’ health and specific TB risk factors in the 
questionnaire would have allowed us to elaborate on 
specific risk factors related to LTBI in this high-risk popu-
lation. We refrained from this due to a fear that too 

Chest X-ray of a smear-
negative, culture-positive 
TB case detected from 
screening. A small,  
opa que infiltrate is ob-
served in the right upper 
lobe. It resolved com-
pletely during treatment 
and may represent early- 
stage TB.
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many questions would lead to fewer participants, but 
studies of particular patient-related risk factors among 
socially marginalised citizens would certainly improve 
our understanding of the ongoing disease transmission 
in these populations.

cOnclUsiOns
Using an IGRA as an in-field screening tool for LTBI is 
possible, but following a one-year follow-up schedule  
requires a time-consuming effort from clinicians.

Screening with single-sputum samples revealed a 
low incidence of active TB compared with similar  
studies, but this could be caused by lower-quality sam-
ples or difference in the ethnicity composition of the 
populations studied, and our findings show that screen-
ing in high-risk groups facilitates early diagnosis and 
hence reduced transmission.
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