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ABSTRACT
Introduction Evidence on screening high-risk groups
for TB by mobile X-ray in low-incidence countries is
building, but knowledge on other possible screening
methods is limited. In this retrospective study we report
results from a community based programme screening
for TB by spot sputum culture.
Methods On seven occasions, from September 2012
through June 2014, we offered TB screening to all
persons present at 11 locations where socially
marginalised people gather in Copenhagen. Spot sputum
samples from participants were examined by smear
microscopy and culture. Genotype, nucleic acid
amplification test and chest X-ray were done if TB was
found.
Results Among 1075 participants, we identified 36
cases of TB. Twenty-four cases (66.7%) were identified
at the first screening of each participant, that is, the
prevalence of TB was 2233/100 000. Thirty-five (97%)
of the TB cases were culture-positive and seven (19.4%)
were smear-positive. Twelve out of 21 (57.1%) cases
tested were nucleic acid amplification test positive.
Twenty-eight (77.8%) had chest X-ray suggestive of TB.
All patients with TB started treatment, 30 (83.3%) had
a successful outcome.
Discussion Screening for TB by spot sputum culture is
possible and a promising alternative to mobile X-ray in a
community based screening programme. 22.2% did not
have chest X-ray suggestive of TB and would not have
been identified using mobile X-ray. Most of the TB cases
were smear-negative, suggesting that they were
identified at an early, less infectious stage, which is
essential in order to prevent transmission and gain
infection control.

INTRODUCTION
In low-incidence countries, TB is concentrated in
high-risk groups including socially marginalised
persons (eg, homeless persons and alcoholics).1 2

These groups are hard to reach in terms of diagno-
sis. Therefore, delayed diagnosis and ongoing trans-
mission is frequent.3 4 In order to facilitate early
diagnosis, active case finding is recommended and
screening of high-risk groups is one of the priority
areas defined by WHO in the recently published
‘Framework towards TB elimination in low-
incidence countries’.5

Several studies on mobile X-ray screening of
homeless persons have been published.6–10 Data on

other possible screening tools such as symptom
screening, sputum examination and nucleic acid
amplification test (NAAT) (eg, the Xpert MTB/RIF
assay) are limited.3 To our knowledge, only two
studies on screening homeless persons by sputum
culture have been published including 95 and 120
participants, respectively.11 12

In 2012, the TB incidence rate was 6.9/100 000
in Denmark and 17.0/100 000 in Copenhagen
(1.25 million inhabitants).13 TB is a prevalent
problem among socially marginalised persons (ie,
homeless persons, persons with alcohol abuse and
drug abuse) in Copenhagen, among whom high
rates of transmission of Mycobacterium tuberculosis
have been reported. In particular one predominant
strain of M. tuberculosis (Cluster 2/1112-15) has
increased indicating active transmission.14–16

Another TB high-risk group in Denmark is
Greenlandic Inuit. Greenland (approximately
56 500 inhabitants) is a part of the Kingdom of
Denmark and many Greenlandic Inuit live in
Denmark. Although most do well in the Danish
society, 11% of homeless people in Copenhagen in
2013 were Greenlandic Inuit.17 TB incidence rate

Key messages

What is the key question?
▸ Is it feasible to screen high-risk groups for TB

using spot sputum culture in a TB
low-incidence country?

What is the bottom line?
▸ We provide evidence that screening by spot

sputum culture is possible and a promising
alternative to mobile X-ray screening;
furthermore TB cases identified in our study
were found in an early, less infectious stage of
their disease, which is important in order to
gain disease control in high-risk groups.

Why read on?
▸ Screening for TB in high-risk groups in

low-incidence countries is recommended by
WHO; this is the first study on systematic,
repeated, community-based screening for TB by
spot sputum culture in a larger high-risk group
(n=1075) in a TB low-incidence country.
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in Greenland 2006–2010 was 132/100 000; in Denmark 29%
of all patients with TB in 2012 were Greenlandic Inuit
(estimated incidence 500/100 000).13

In the Copenhagen area, the conventional mobile X-ray
screening for TB was not available after 2011. Instead spot
sputum screening among socially marginalised persons, includ-
ing socially marginalised Greenlandic Inuit, was implemented.
Sputum samples were collected for smear microscopy, culture,
and in some cases NAAT.

In this retrospective study we report results from this commu-
nity based programme. We assess whether it was possible to
identify TB cases by spot sputum culture and to find the partici-
pants again and initiate TB treatment when the culture proved
positive. Furthermore we compare results from different diag-
nostic methods (chest X-ray at time of diagnosis, smear micros-
copy, sputum culture and NAAT) when available.

No previous studies of systematic, repeated, community based
screening for TB using spot sputum culture in high-risk groups
in a TB low-incidence country have been published.

METHODS
Screening procedure
From September 2012 through June 2014, TB screening by
sputum culture was offered to all persons present at 11 locations
in Copenhagen. These were locations where homeless persons;
persons with alcohol and/or substance abuse; and other socially
marginalised persons, including socially marginalised
Greenlandic Inuit, gather. It was locations in which TB cases
had been identified previously and included shelters, soup kitch-
ens, selected public squares and Freetown Christiania (a self-
proclaimed autonomous neighbourhood in Copenhagen). TB
screening was offered on seven occasions (screening rounds) at
each location. The screening sessions were advertised at the
locations in advance. Persons present at the screening site were
actively contacted and participants were encouraged to be
re-examined as many times as possible.

Names, contact information and social security numbers
(a personal, unique identification number, which contains date
of birth) were registered. If the participant did not have a social
security number, date of birth was registered. All sputum
samples were collected by a specially trained nurse, who super-
vised the participants in producing one ‘high quality’ sputum
sample from the lower respiratory tract.

Sample handling and analysis
All sputum samples were analysed at the International Reference
Laboratory of Mycobacteriology, Statens Serum Institut,
Copenhagen. The sputum samples were stained for acid-fast
bacilli using auramine-rhodamine staining and examined using
fluorescence microscopy. Culture was performed in liquid
medium (BD BACTEC MGIT 960 System) and on solid
medium (Löwenstein-Jensen). Culture-positive isolates were
genotyped by the 24-locus based mycobacterial interspersed
repetitive unit-variable-number tandem repeat method (geno-
typing kit: Genoscreen, Lille, France).

Samples from the third of the seven screening rounds and
culture-positive samples from the subsequent screening rounds
were additionally tested for the presence of M. tuberculosis by a
commercially available NAAT, BD ProbeTec (Becton-Dickinson).

The International Reference Laboratory of Mycobacteriology,
Statens Serum Institut is accredited in accordance with
International Organisation for Standardisation (ISO) 17025 stan-
dards and participated in external quality assurance programmes
for all diagnostic tests involved in the study with excellent results.

TB cases
The laboratory promptly informed the screening team of any
result suggestive of TB. Participants were then contacted using
the contact information given at the time of the sputum collec-
tion. Most of them had provided information as to which shel-
ters and/or soup kitchens they would be likely to visit and were
contacted there. Others were contacted by telephone, mail or
through named contacts.

If sputum samples were culture-positive, smear-positive or
NAAT-positive, participants were referred to the Department of
Respiratory Medicine, Gentofte Hospital for further examina-
tions. They were identified as patients with TB if their sputum
samples were culture-positive or if it was smear-positive or
NAAT-positive and the participant had symptoms and/or chest
X-ray suggestive of TB.

Data on initiation of treatment, ethnicity, substance abuse,
living conditions, comorbidities, previous TB and chest X-ray
results as described by or under supervision of an experienced
pulmonary physician were obtained from the medical records.

Analysis of data
Data are presented using median and range.

We calculated the disease prevalence of the screened popula-
tion as the number of TB cases found the first time the patient
was screened divided by the total number of participants
screened. To estimate whether repetitive screening was beneficial
we divided the number of TB cases identified in the second,
third, fourth, etc, screening rounds of the patient with the
number of participants who had been screened at least that
number of times.

We used McNemar’s test to test if there was a significant
increase in the number of patients with TB who were smear-
positive at initiation of treatment compared with at the time of
screening (paired, categorical data). Patients who had not been
retested at treatment initiation were not included in this
analysis.

When calculating sensitivity and specificity of NAAT, we used
sputum culture results as the gold standard.

All statistical analyses were performed using SAS Enterprise
guide V.4.3 statistical software (SAS Institute, Cary, North
Carolina, USA).

Ethics
All procedures were done as part of a public health screening
programme.

Permission to access and process data was given by the Danish
Data Protection Agency (J nr: 2007-58-0015).

RESULTS
We screened 1075 participants and identified 36 (3.35%) cases
of TB. Figure 1 shows the number of persons screened and
number of TB cases identified in each of the seven screening
rounds and table 1 shows their baseline characteristics. Of the
screened population, 57.8% were only screened once, whereas
42.2% were screened at least twice (table 2).

Of the 36 TB cases found during the study period,
24 (66.7% of all TB cases) were identified the first time the par-
ticipant was screened, that is, the prevalence of TB was
24/1075=2.23% or 2233/100 000. Twelve TB cases were
initially culture-negative but turned culture-positive in later
screening rounds (table 3). Time from last negative screening to
diagnosis among the patients with TB had a median of
4 months (range 3–17 months).
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We collected 2024 sputum samples from the participants.
Table 4 shows the results of the sputum samples from the 36 TB
cases at the time of TB diagnosis. In total, 35 (97%) were
culture-positive. One participant was culture-negative, but
smear-positive. This patient had symptoms suggestive of TB at
the time of the smear microscopy and treatment was initiated.
The patient recovered and although repeated cultures were
negative, the patient completed treatment and was considered a
probable TB case.

The median treatment delay, defined as time from screening
to initiation of treatment, was 32 days (range 2–91 days). The
median locating delay, defined as time from our receiving
screening results from the laboratory until the participant was
found, informed and treatment was initiated, was 8 days (range
0–43 days).

Smear microscopy was done at the time of screening for all
patients and for 34 of the 36 patients with TB also at initiation
of treatment. At treatment initiation 29.4% was smear positive
versus 19.4% at screening (p=0.34).

All 324 sputum samples collected during the third screening
round (May 2013) were tested by NAAT. Four were
NAAT-positive (two culture-positive and two culture-negative

with a recent history of TB). Of 329 NAAT-negative samples,
three were culture-positive. Using culture results as the gold
standard the sensitivity of NAAT was 0.40 and the specificity
was 0.99 in this population.

Among the 36 identified TB cases, sputum samples from 21
were tested by NAAT. Twelve (57.1%) were positive for
M. tuberculosis.

Chest X-ray at initiation of treatment was suggestive of TB in
77.8% of the patients, 22.8% of patients had a normal chest
X-ray. The 35 culture-positive TB cases were genotyped, all with
clustered strains. The biggest Danish cluster C2/1112-15
accounted for 24 (68.6%) of all identified cases.

All 38 participants who had screening tests suggestive of TB
were located, contacted and informed; 36 started treatment, 2
were NAAT-positive but had a recent history of TB, no current
symptoms suggestive of TB and were culture-negative. Table 5
shows treatment outcome according to WHO definitions on
19 February 2015.

DISCUSSION
In this study, we provide evidence that spot sputum culture can
be used as a screening tool in a systematic, community based
screening programme for TB in high-risk groups in a low-
incidence country. It is possible to collect sputum samples from
relevant participants; to identify TB cases from sputum culture;
and to find the participants again and initiate treatment when
their sputum culture proves positive. Furthermore, 22.2% of the
TB cases identified did not have chest X-ray suggestive of TB
and therefore would not have been identified through mobile
X-ray screening.

In settings where sputum culture is available, it remains the
gold standard for TB diagnosis,18 and is often used as such in
diagnostic trials. As a screening tool sputum culture has been
dismissed as being too time-consuming and expensive.3 It has
been used in prevalence studies and to confirm suspicion of TB
raised on the basis of other screening methods (symptom

Figure 1 Participants screened in screening round 1–7: total, new, repeat and TB cases identified.

Table 1 Baseline characteristics of the screened population and
the TB cases identified

Screened population
n=1075

TB cases identified
n=36

Age, years* 45.5 (SD 11.2) 46.7 (SD 10.0)
Sex
Male 765 (71.2%) 28 (77.8%)
Female 310 (28.8%) 8 (22.2%)

Ethnicity
Danish 6 (16.7%)
Greenlandic 26 (72.2%)
Other—TB high incidence 2 (5.6%)
Other—TB low incidence 2 (5.6%)

Homeless 23 (63.9%)
Substance abuse
Alcohol† 23 (63.9%)
Cannabis† 19 (52.8%)
Drugs† 4 (11.1%)
None 8 (22.2%)
One 12 (33.3%)
Two or more 16 (44.4%)

Previous TB 6 (16.7%)
HIV infection‡ 0 (0.0%)

Only available baseline characteristics of the screened population are age and sex.
*Age at first screening (screened population) and at diagnosis (TB cases).
†Abuse of more than one substance could be reported.
‡HIV-test at time of TB diagnosis.

Table 2 Number of participants according to the number of
screening rounds they completed

Screening rounds completed
Participants
n Per cent

One or more 1075 100
Two or more 454 42.2
Three or more 255 23.7
Four or more 144 13.4

Five or more 66 6.1
Six or more 25 2.3
Seven 5 0.5
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screening or chest X-ray).6 19 20 To our knowledge, only two
studies using sputum culture to screen high-risk groups for TB
in low-incidence countries have been published. Badiaga et al
conducted a prevalence survey of respiratory diseases among
homeless people in Marseilles, France on two days in February
2005. Ninety-five of 219 participants provided sputum samples,
none of which were culture-positive. In this study, they identi-
fied two TB cases by chest X-ray, which indicates that TB preva-
lence in the study population was 1%.12 In a study from
Birmingham, Alabama, Kimerling et al11 screened persons
present at two homeless shelters for TB using symptom and
spot sputum screening. The study had two screening rounds
10 months apart, 127 persons were screened; only 9 were
encountered twice. Sputum samples were collected from 120
participants, four culture-positive TB cases were identified and
TB prevalence was 3.1%. They concluded that spot sputum
screening were effective, logistically simple and effective. Our
study is larger (1075 participants) and the first study published
where systematic, repeated, community based TB screening has
been done by spot sputum culture.

Mobile chest X-ray is a good screening tool for TB in high-
risk groups as concluded in a recent review.7 In this study we
found that 8 (22.2%) of the TB cases identified by culture did
not have a chest X-ray suggestive of TB at treatment initiation.
False positive cultures due to contamination could be an explan-
ation but is not likely. All cultures were performed in a labora-
tory following ISO 17025 standards, including external quality
assurance schemes for all procedures involved. In addition, cul-
tures from all new patients with TB found at the laboratory are
routinely genotyped and their DNA patterns compared with
patterns from any other culture-positive patients in Denmark

since 1992. Any case suspicious of contamination is
investigated.

The chest X-rays were described by physicians who had not
been blinded to the fact that the patient had participated in the
project. This could lead to under-reporting of results suggestive
of TB, but more likely to over-reporting, since the sputum
culture results were known to the physician. However, chest
X-ray is not always suggestive of TB in patients with pulmonary
TB21 and chest X-ray may certainly be normal at an early
disease stage.

Only 7 (19.4%) of the 36 TB cases were smear-positive,
implying that smear microscopy is not sufficient to identify TB
cases in screening programmes. Smear microscopy status is an
indicator of infectiousness,22 although transmission from smear-
negative TB cases can be seen.23 At treatment initiation,
24 (70.6%) of 34 TB cases tested in our study were smear-
negative. In comparison 44.4% of all pulmonary TB cases in
Denmark in 2013 were smear-negative.24 Although only 12 pro-
vided two sputum samples or more, this indicates that they were
found at an early, less infectious stage. This is important,
because it makes a favourable treatment outcome for the patient
more likely, and to reduce transmission and gain disease control.

In our study median treatment delay (from screening date to
treatment initiation) was 32 days and median locating delay
(from screening result to treatment initiation) was 8 days.
Meanwhile disease burden and infectivity may increase and
especially homeless participants may become increasingly diffi-
cult to relocate. NAATs provide results faster (less than 2 h) than
culture and have a higher sensitivity than smear microscopy.18

We used the commercially available BD ProbeTec, a system with
a similar overall performance when compared with the Xpert
MTB/RIF system (Cepheid).25 The sensitivity of NAAT in our
screening study was surprisingly low (40.0%). Patients found by
screening will probably be found at an earlier stage of their TB
disease. Thus, a large part of our TB cases were smear-negative
and NAAT-negative.

We found a very high TB prevalence of 2233/100 000 in the
study population. Although no symptom screening was done,
persons with no symptoms will not be able to produce a sputum
sample and will be less likely to participate in the screening pro-
gramme. Therefore, our study population probably represents a
subgroup of socially marginalised persons in Copenhagen with a
higher prevalence of TB than the rest of this population. Most
TB cases were found the first time the participant was screened,
but an additional 12 TB cases were found when the participants
were screened repeatedly over time. Although repeated testing
in itself results in a higher sensitivity,26 this suggests ongoing
transmission in the screened population. Furthermore, all geno-
typed TB cases identified were clustered and 68.6% were part
of the biggest Danish cluster called C2/1112-15, which also sug-
gests a lack of disease control in these high-risk groups as previ-
ously documented.14–16

Table 3 Number of TB cases found according to number of
screening rounds the participant had completed when TB was
diagnosed and as a percentage of the number of participants, who
had participated in at least that number of screening rounds

Screening rounds
completed at time
of TB diagnosis

TB cases
n=36

Percentage of participants
completing minimum that
number of screening rounds

1 24 2.23% (=prevalence)
2 7 1.54%
3 4 1.57%
4 0 0.0%
5 1 1.56%

6 0 0
7 0 0

Table 4 Sputum sample and X-ray results from the 36 TB cases
identified

Positive Negative Not done

Culture
At screening 35 (97%) 1 (3%) 0

Smear
At screening 7 (19.4%) 29 (80.6%) 0
At treatment start 10 (27.8%) 24 (66.7%) 2 (5.6%)

NAAT 12 (57.1%*) 9 (42.9%*) 15
X-ray 28 (77.8%) 8 (22.2%) 0

*Percentage of 21 tested by NAAT.
NAAT, nucleic acid amplification test.

Table 5 Treatment outcome according to WHO definitions

Treatment outcome n Per cent

Success 30 83.3
Died 1 2.8
Failed 0 0.0
Defaulted 4 11.1
Still on treatment 1 2.8
All 36 100%
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One limitation to our study is that the only available baseline
characteristics of the screened population are age and sex. This
limits the possibility to generalise the results to other settings.
Furthermore 72.2% of the TB cases identified were Greenlandic
Inuit. We do not know the distribution of the ethnicity of the
screened population, so we do not know whether this reflects
the ethnicity of the screened population or a specifically high
TB incidence among Greenlandic Inuit in Copenhagen.
However, although no data are available, it is the impression of
the screening team that primarily Danes, Greenlandic Inuit and
Somalis were screened, so both explanations are probably true.

In low-incidence countries, TB is concentrated in high-risk
groups and screening of these groups has been recommended by
WHO.5 27 28 Chest X-ray has obvious advantages such as imme-
diate availability, high sensibility and the fact that patients can
be screened independently of symptoms. If a mobile X-ray unit
is available it is possible to perform community based screening,
which is pivotal to ensure participation among socially margina-
lised persons. Our results suggest that sputum culture is a prom-
ising, maybe even better alternative to mobile X-ray screening.
Although results are not available instantly, sputum culture can
be repeated with small intervals (no radiation) and has a higher
sensitivity; indeed 22.2% of the cases identified in our study
would not have been identified by chest X-ray. Furthermore our
results suggest that the TB cases were identified at an early, less
infectious stage of disease. This is important, because an early
diagnosis is essential in order to reduce transmission and help
gain disease control in high-risk groups. NAATs may provide
results faster and could be added to culture using the same
sputum sample, but the evidence from our study was not prom-
ising. Further studies are needed to confirm our findings and to
clarify if similar results can be obtained in other settings.
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