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Objectives: To compare the epidemiology of tuberculosis (TB) in Denmark, Sweden and Finland, by
focusing on the native population in order to identify epidemiologic differences and thus indirectly
possible differences in TB control.
Methods: TB incidence trends from 1990 through 2015 were compared among the countries. In addition,
for the periods 2012e2013 and 2014e2015, genotyping data were compared. Genotyping was performed
using the 24-locus mycobacterial interspersed repetitive unitevariable number of tandem repeat (MIRU-
VNTR) method in Denmark and Sweden. For Finland, spoligotyping in conjunction with the 15-locus
MIRU-VNTR method was used for 2012e2013 and translated into the 24-locus MIRU-VNTR when
feasible, and for 2014e2015 only MIRU-VNTR was used. Both incidence trends and molecular epide-
miology were assessed for native cases.
Results: The average annual rate of change in TB incidence for native Danes was �2.4% vs. �6.1%
and �6.9% for native Swedes and Finns respectively. In 2012e2013 Denmark had 52 native cases in the
largest transmission chain vs. three cases in Sweden and ten in Finland, and during the same period the
clustering rate for native Danes was 48.8% vs. 6.5% and 18.2% for native Swedes and Finns respectively.
For 2014e2015, a similar pattern was seen.
Conclusions: The decline of TB among natives in Denmark is slower than for Sweden and Finland, and it
seems Denmark has more active transmission among natives. The focused assessment on basic native TB
epidemiology reveals striking differences in TB transmission among otherwise similar low-TB-incidence
countries. M.K. Pedersen, Clin Microbiol Infect 2018;24:717
© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Denmark, Sweden and Finland have a history of successful
tuberculosis (TB) control. For the last hundred years, the incidence
onal Reference Laboratory of
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biology and Infectious Diseases. Pu
of TB has declined from among the highest in theworld to the range
of 5 to 8 per 100 000 (https://ecdc.europa.eu/sites/portal/files/
media/en/publications/Publications/tuberculosis-surveillance-mo
nitoring-Europe-2014.pdf, https://ecdc.europa.eu/sites/portal/files/
media/en/publications/Publications/tuberculosis-surveillance-mo
nitoring-Europe-2015.pdf, http://apps.who.int/iris/bitstream/106
65/132231/1/9789241507707_eng.pdf). However, the present inci-
dence is still far from the elimination target defined by the World
Health Organization of less than one case per million population
blished by Elsevier Ltd. All rights reserved.
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(http://apps.who.int/iris/bitstream/10665/132231/1/97892415077
07_eng.pdf).

The three studied Nordic countries are all modern, high-income
nations and should intuitively be well positioned to reach TB elim-
ination. The Nordic countries are also similar in terms of overall
political, economic and social structures, and theyall provide free TB
care. All three countries experience immigration from TB high-
incidence countries, and foreign borns represents around 5% of the
population in Finland,10% inDenmark and15% in Sweden (http://91.
208.143.100/pxweb/norden/pxweb/en/Nordic%20Statistics/). Like-
wise, differences in the TB epidemiology exist, for instance
regarding specific subpopulations and TB risk. In the Nordic coun-
tries, most TB cases are now detected among those who are
foreign born, except in Finland, where TB occurs predominantly
in the elderly native population (https://ecdc.europa.eu/sites/
portal/files/media/en/publications/Publications/tuberculosis-sur
veillance-monitoring-Europe-2014.pdf, https://ecdc.europa.eu/si
tes/portal/files/media/en/publications/Publications/tuberculosis-
surveillance-monitoring-Europe-2015.pdf). In Denmark, high rates
of active Mycobacterium tuberculosis (Mtb) transmission occurs in
specific segments of the population, especially among men with
records of substance abuse, homelessness and poor living condi-
tions, and one specific strain (C2/1112-15) dominates the picture
[1e3].

Immigration into countries with low TB incidence from areas
with high TB incidence varies considerably as a result of the do-
mestic and international political situation, which makes it difficult
to measure the effect of TB control measures [4,5]. However, the TB
incidence in the native population varies less than in the immigrant
population (http://apps.who.int/iris/bitstream/10665/132231/1/9
789241507707_eng.pdf, https://atlas.ecdc.europa.eu/public/index.
aspx). The more stable native populations allow for comparisons
over time and among the three countries regarding the effectiveness
of TB control. The comparison is further facilitated by the fact that
the three countries are genotyping all new cases of Mtb isolates by
the same method: the mycobacterial interspersed repetitive uni-
tevariable number of tandem repeat (MIRU-VNTR) method [6],
allowing for comparison of the molecular epidemiology.

The aim of this study was to compare the epidemiology of TB in
Denmark, Sweden and Finland, focusing on the native population
in order to identify epidemiologic differences and thus indirectly
possible differences in TB control. We first compared the change in
TB incidences in the three countries from 1990/1995 through 2015.
Then we compared the TB epidemiology and molecular epidemi-
ology for 2012e2013 and for 2014e2015.

Methods

Study design, databases and genotyping

This was a retrospective registry study based on official TB and
population statistics for Denmark, Sweden (1990e2015) and Finland
(1995e2015) combined with molecular epidemiology data from all
three countries from 2012e2013 and 2014e2015. In all three coun-
tries TB is a notifiable disease as part of national surveillance, and
genotyping of Mtb is performed in centralized laboratories.

Data on notified TB cases were supplied from collaborators in
each country. A native case was defined as a person with TB born
and living in one of the countries, as opposed to a nonnative case. In
Denmark, however, a native case was defined as a person with TB
born and living in Denmark and whose parents were also born in
Denmark; thus nonnative cases in Denmark could also be second-
generation immigrants, in contrast to Sweden and Finland. The
yearly incidence rate was calculated by the official number of TB
cases multiplied by 100 000 and divided by the yearly population
for natives and nonnatives given in Nordic Statistics (http://91.208.
143.100/pxweb/norden/pxweb/en/Nordic%20Statistics/). The
annual rate of change in incidence was approximated on the basis
of the slope of a linear regression to the natural log-transformed
incidence rates (http://apps.who.int/iris/bitstream/10665/132231/
1/9789241507707_eng.pdf). Additional epidemiologic data (age,
pulmonary location, lab-confirmed TB, drug-resistant TB) and
genotyping data were supplied by the collaborators. For Finland,
however, data on agewere from the National Tuberculosis Program
2013 (http://www.filha.fi/sites/default/files/julkaisut/nationellt_
tuberkulosprogram_2013.pdf).

The 24-locus MIRU-VNTR method was used for genotyping in all
countries, except for Finland in 2012e2013, when 15-locus MIRU-
VNTR in conjunction with spoligotyping were used and translated
into the 24-locus MIRU-VNTR, when feasible. The 15-locus MIRU-
VNTR combined with spoligotyping has the same discriminatory
power as the 24-locus MIRU-VNTR alone [6]. In all three countries,
one isolate from each patientwas genotyped. TB caseswere classified
as clustered if two cases or more within the country had 100% iden-
tical genotypes within the 2-year period; a cluster thus contained at
least two cases. A 2-year period is usually used in molecular epide-
miology studies of Mtb, reflecting that the disease becomes manifest
several months to 2 years afterwards for half of those developing the
disease after initial transmission, and anytime thereafter for the rest
of the cases [1,7e9]. The clustering rate was calculated as (nc � c)/n,
where nc is the total number of clustered cases, c is the number of
clusters and n is the total number of genotyped isolates [6,7].

Statistical analysis

To test for differences in the annual rate of change in incidence,
the slopes of the linear regressions to natural log-transformed
incidence rates for the three countries were compared using a
general linear model in SAS statistical software (SAS Institute, Cary,
NC, USA). Clustering rates were compared by the chi-square test. A
p value of <0.05 was considered statistically significant.

Ethics

The study was based on official registry data, which are dei-
dentified, and thus ethical approval and informed written consent
were not required.

Results

From 1990 through 2015 the TB incidences for the total popu-
lation varied in all three countries, but mostly in Denmark, as the
incidence rate in the nonnative population was high and varying
while being more stable within the native subpopulation (Fig. 1).
The average annual rate of change in incidence for native Daneswas
estimated to be �2.4%, whereas the same rates for native Swedes
and Finns were �6.1% and �6.9% respectively (Fig. 2). The differ-
ence between native Danes and both native Swedes and native
Finns was statistically significant (p < 0.0001). There was no sta-
tistically significant difference between the annual rate of change in
incidence between native Finns and native Swedes (p 0.18). In the
studied period, the TB incidence per 100 000 natives decreased in
Sweden from4.2 to 1.1, reaching below the pre-elimination levels of
less than one case per 100 000 population in 2013 (http://apps.
who.int/iris/bitstream/10665/132231/1/9789241507707_eng.pdf).
In Denmark the TB incidence per 100 000 natives decreased from
4.1 to 2.0, and in Finland from 12.3 to 3.2.

During both 2-year periods (2012e2013 and 2014e2015) the
total incidence rates were overall similar in the three countries
(Table 1). However, the percentage of native TB cases was the
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Fig. 1. Yearly tuberculosis incidence (cases per 100 000) in Denmark, Sweden (1990e2015) and Finland (1995e2015). (a) Total. (b) Nonnative. (c) Native.
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Fig. 2. Yearly tuberculosis incidence (cases per 100 000) among natives only in Denmark, Sweden (1990e2015) and Finland (1995e2015). Incidence per 100 000 shown on log2
scale. m is slope and corresponds to annual rate of change in incidence (%).
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highest in Finland (66.2% and 60.5%), followed by Denmark (35.1%
and 29.8%) and Sweden (12.9% and 9.5%). Also, all countries had a
relatively low percentage of drug-resistant TB (between 0.4% and
3.0% of total cases), more cases of pulmonary TB (between 58.2%
and 77.8% of total cases) and a high degree of laboratory-confirmed
cases (between 77.6% and 82% of total cases). In Denmark, most
native cases were between 35 and 64 years old (median age
43.7 years), while most Finnish native TB cases were more than
65 years old (median age 73 years) (Fig. 3). The age distribution of
native Swedish TB cases was more flat. Denmark had a higher
fraction of native TB cases younger than 15 years old in the
percentage of total TB cases (2.3% vs. 1.6% and 2% for Sweden and
Finland respectively).

The proportion of culture-positive TB cases was high in all three
countries: in Denmark 78.6% of all notified cases of which 96% were
successfully genotyped, in Sweden 80.2% of all notified cases of
which 95% were successfully genotyped and in Finland 78.1% of all
notified cases of which 95.1% were successfully genotyped.

In 2012e2013 the clustering rate for the total population was
47.5% for Denmark, 25.3% for Sweden and 19% for Finland
(p < 0.0001) (Table 2). The difference in clustering rate between
Denmark and Sweden was even more pronounced for natives, at



Table 1
Differences in basic tuberculosis epidemiology in Denmark, Sweden and Finland in two 2-year periods (2012e2013 and 2014e2015)

Characteristic Denmark Sweden Finland

2012e2013 2014e2015 2012e2013 2014e2015 2012e2013 2014e2015

Total no. of reported cases 749 702 1300 1491 547 534
Notification rate, per 100 000 per year 6.70 6.0 6.83 7.6 5.1 4.9
Male sex 486 (64.9) 443 (63.1) 715 (55.0) 838 (56.2) 331 (60.1) 312 (58.4)
Pulmonary tuberculosisa 568 (75.8) 546 (77.8) 757 (58.2) 893 (59.9) 409 (74.8) 400 (74.9)
Lab confirmedb 581 (77.6) 550 (78.3) 1026 (78.9) 1223 (82.0) 432 (79.0) 428 (80.1)
Total multidrug-resistant casesc 3 (0.4) 8 (1.1) 22 (1.7) 37 (2.5) 5 (1.2) 16 (3.0)
Native origind 263 (35.1) 209 (29.8) 168 (12.9) 141 (9.5) 362 (66.2) 322 (60.5)

Data are presented as n (%) unless otherwise indicated.
a Affecting lung parenchyma, tracheobronchial tree or larynx.
b Confirmed cases require positive culture or detection of both acid-fast bacilli with microscopy and Mycobacterium tuberculosis in nucleic acid amplification test.
c Resistance to at least isoniazid and rifampicin.
d Sweden and Finland, born in country; Denmark, has Danish ancestry.
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Fig. 3. Age distribution for native tuberculosis (TB) cases in percentage of total TB cases in Denmark, Sweden (2012e2013) and Finland (2012). Danish and Swedish data provided by
collaborators for 2012e2013. Finnish data from 2012 only are from National Tuberculosis Program 2013 [5].

Table 2
Clustering of Mycobacterium tuberculosis in 2-year period in Denmark, Sweden and Finland (2012e2013)a

Characteristic Denmark Sweden Finland

Total Native Total Native Total Native

Genotyped isolates, n (%) 579 (100) 213 (100) 956 (100) 123 (100) 431 (100) 280 (100)
Unique cases, n (%) 250 (43.2) 69 (32.4) 604 (63.2) 82 (66.7) 311 (72.2) 195 (69.3)
Clustering cases, n (%) 329 (56.8) 144 (67.6) 352 (36.8) 41 (33.3) 120 (27.8) 85 (31.0)
No. of clusters 54 40 110 33 38 34
No. of clusters of �4 cases 16 7 19 0 8 6
No. in largest cluster 122 52 34 3 15 10
Clustering rate (%) 47.5 48.8 25.3 6.5 19.0 18.2
Clustering rate excluding largest cluster (%) 33.7 32.9 22.7 5.0 15.7 15.0
Mean population, million 5.59 5.05 9.52 8.07 5.41 5.14

a Native refers to, for Sweden and Finland, born in country; and for Denmark, has Danish ancestry.
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48.8% and 6.5% respectively, while in Finland the clustering rate
among natives was 18.2% (p < 0.0001). In 2012e2013, the largest
clusters in Sweden and Finland had a total of 34 and 15 cases
respectively, while the largest cluster in Denmark (MIRU-VNTR
1112-15) had 122 cases. This genotype was also represented in
Sweden and Finland with five and ten cases respectively. Even
when the predominating cluster of each country was excluded,
Denmark had a higher clustering rate. For 2014e2015, a similar
pattern was applicable: the native clustering rate in Denmark was
56% vs. 12.5% and 18.4% in Sweden and Finland respectively
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(p < 0.0001) (Table 3). Also, in this period Denmark had the largest
cluster, with 87 cases.

In 2012e2013 Denmark had 52 native cases in the largest cluster
and seven clusters containing four native cases or more, whereas
Sweden only had three native cases in the largest cluster and none
with four native cases ormore. Finland had ten native TB cases in its
largest cluster and six clusters containing four native cases or more.
The pattern was similar in 2014e2015, where Denmark had 49
native cases in its largest cluster and six clusters containing four
native cases or more, whereas Sweden and Finland had five and
eight native cases in the largest cluster respectively.

Discussion

This study shows that the decrease in TB incidence in natives is
occurring much more slowly in Denmark compared to Finland and
Sweden. Furthermore, the clustering rate of TB among natives is
larger in Denmark than in the other two countries. Both these
findings imply less effective TB control in Denmark.

Before World War II, all three countries had high mortality rates
due to TBdaround 50 per 100 000 in Denmark and Sweden, and
around 170 per 100 000 in Finland [10,11]. All countries had,
however, a prewar downwards trend in TB mortality. While this
downwards trend continued during World War II in Denmark and
Sweden, the mortality remained more or less constant in Finland
until after the war, after which the decrease continued in all three
countries [10]. The historic higher rate of TB and the slower onset of
decline in Finlandmay explain the higher TB incidence in Finland in
1995 compared to the other countries. Now, however, Finland has
the greatest decline (in absolute numbers) in TB incidence among
the native population. If current rates of change in TB incidence are
extrapolated, Finland could reach TB pre-elimination phase for
natives around 2030, while Denmark would reach pre-elimination
phase for natives as late as 2050. That is despite the fact that
Denmark currently has a lower TB incidence among natives than
Finland. Sweden reached pre-elimination phase for the native
population in 2013.

Clustering is more pronounced in Denmark compared to both
Sweden and Finland. Denmark also had the overall largest cluster
containing natives as well as considerably more clusters larger than
three native cases. Collectively, this indicates a large degree of
recent TB transmission in Denmark. Since 1992 Mtb belonging to
MIRU-VNTR 1112-15 has been spreading and has been associated
with sputum smearepositive TB among young and middle-aged
men with records of social problems and substance abuse, in
particular in urban areas [2,12]. This genotype is also the largest
among native Danes in our study (in both 2-year periods
2012e2013 and 2014e2015) and is also found in Finland and
Sweden. In Sweden this genotype occurs among the same groups as
in Denmark. When we excluded the largest cluster found in each
Table 3
Clustering of Mycobacterium tuberculosis in 2-year period in Denmark, Sweden and Finla

Characteristic Denmark

Total Native

Genotyped isolates, n (%) 425 (100) 159 (100)
Unique cases, n (%) 215 (50.6) 50 (31.4)
Clustering cases, n (%) 210 (49.4) 109 (68.6)
No. of clusters 27 20
No. of clusters of �4 cases 12 6
No. in largest cluster 87 49
Clustering rate (%) 43.1 56.0
Clustering rate excluding largest cluster (%) 28.7 37.3
Mean population, million 5.63 5.06

a Native refers to, for Sweden and Finland, born in country; and for Denmark, has Dan
country, the clustering rate among native Danes was still consid-
erably higher. Thus, the higher level of recent TB transmission in
Denmark is not caused by a single genotype alone (and what may
be considered an outright outbreak).

As previously shown, TB transmission from the immigrant
population to the native population in Denmark seems to occur
only to a limited extent [13]. However, when examining the clusters
in Denmark for 2012e2013 and 2014e2015 more closely, we found
that only around half of the clusters in Denmark predominantly
comprised native cases. The other half were therefore predomi-
nantly nonnative cases. In particular, more clusters were mixed
with Danish cases and cases occurring in subjects born in
Greenland. We know that the TB incidence is very high in
Greenland [2,14]. There is regular travel activity between Denmark
and Greenland, and many Greenlandic people live in the bigger
cities in Denmarkdamong whom some are socially marginalized
and alcoholics. This may contribute to sustaining the TB trans-
mission. We did not, however, perform a detailed cluster analysis
examining index patients and the route of transmission, but that
could be the focus of future studies.

TB in children and adolescents was slightly more common
among natives in Denmark than in the other two countries.
Childhood TB, in particular among the youngest, reflects, by defi-
nition, very recent transmission. Native TB cases in Denmark are
found most often among the middle-aged, while in Finland native
cases are predominantly found among the elderly, with only few
cases occurring in people younger than 15 years. Because Finland
historically has had a higher TB incidence, most cases among the
elderly are probably an effect of reactivation rather than recent
transmission. In Sweden no age group was found to dominate.

Differences in social challenges among the countries as well as
differences in the organization and funding of TB control are two
other possible causes for the observed results. In a recent study
sputum culture screening for TB was performed at 11 locations in
Copenhagenwhere sociallymarginalized people gather, and36 cases
of TB were identified among 1075 participants [15]. This large num-
ber identified by screening a high-risk group suggests that pockets of
hot spots sustain TB transmission in Copenhagen. However, home-
lessness does not appear to be a bigger problem in Denmark than in
the other two countries (http://www.feantsa.org/en/resources/
resources-database?search¼countryþprofile), although standard-
ized and directly comparable estimates for the countries do not exist.

It is possible that patient follow-up and contact tracing is less
effective in Denmark. Contact tracing in Denmark has typically
been organized by the departments of pulmonary medicine in each
of five regions under the mandate of the medical officer of health
(https://www.lungemedicin.dk/fagligt/faglige-dokumenter/klaring
srapporter-1/11-tb-nationalt-maj-2010.html). It is remarkable that
Sweden had no transmission chains with more than three native
cases in 2012e2013. This may indicate timely and more effective
nd (2014e2015)a

Sweden Finland

Total Native Total Native

1185 (100) 120 (100) 422 (100) 266 (100)
665 (56.1) 97 (80.8) 310 (73.5) 187 (70.3)
520 (43.9) 23 (19.2) 112 (26.5) 79 (29.7)
129 8 34 30
42 2 6 4
44 5 9 8
33.0 12.5 18.5 18.4
30.5 9.6 16.9 16.3
9.70 8.13 5.46 5.15

ish ancestry.

http://www.feantsa.org/en/resources/resources-database?search=country+profile
http://www.feantsa.org/en/resources/resources-database?search=country+profile
http://www.feantsa.org/en/resources/resources-database?search=country+profile
http://www.feantsa.org/en/resources/resources-database?search=country+profile
https://www.lungemedicin.dk/fagligt/faglige-dokumenter/klaringsrapporter-1/11-tb-nationalt-maj-2010.html
https://www.lungemedicin.dk/fagligt/faglige-dokumenter/klaringsrapporter-1/11-tb-nationalt-maj-2010.html
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contact tracing, which successfully stops TB transmission earlier in
Sweden. It is possible that ambitions for contact tracing among the
countries are different, although this was beyond the scope of our
study.

Our study has some limitations. For Denmark the nonnative TB
cases were defined by ancestry and not by birthplace, as in Sweden
and Finland. This imbalance in our definitions means that TB cases
occurring in people born in the country but having immigrant par-
entswere counted as nonnative inDenmark, whereas in Sweden and
Finland they were counted as native. However, if we had applied the
exact same definitions of native TB cases as in Sweden and Finland,
even more TB cases in Denmark would be counted as natives as
opposed to nonnatives. In addition, we assume that clustering rep-
resents recent transmission. This assumption should be analysed
with caution, as predominant strains in the populations may
possibly represent well-preserved TB strains contracted in the past
[16]. Cases today may represent reactivation of previous dominant
TB strains rather than recent transmission, and could possibly
explain some of the clustering in Finland. We used, however, 2-year
reporting periods for clustering rates to model recent transmission
as precisely as possible [1,9]. The resolution of MIRU-VNTR geno-
typing is not as detailed as next generation sequencing, in particular
for Beijing strains. The major cluster in Denmark, MIRU-VNTR 1112-
15, belongs to the Euro-American lineage (sublineage T1). It was
beyond the scope of our study to perform amore detailed analysis of
this possible multicountry outbreak.

Assessing native TB epidemiology may reveal striking differ-
ences in basic TB control. Using this approach, we found indications
that Denmark appears to have overall less effective TB control than
Sweden and Finland. The TB incidence among natives decreased
significantly more slowly in Denmark, which also had by far the
largest cluster containing natives as well as a higher clustering rate
among natives and higher number of clusters containing natives.
Sweden reached the TB pre-elimination phase for the native pop-
ulation in 2013, and Finland showed significant decline in TB inci-
dence among natives. In all three countries immigration and travel
from high-TB-burden countries will inevitablydand in the future
as welldintroduce TB to society. Therefore, it is important to
maintain TB control at the highest level. In future research, the
largest cluster in Denmark of MIRU-VNTR 1112-15 should be
examined with next generation sequencing to describe the trans-
mission dynamics in more detail. Also, possible differences in the
quality of the performed contact tracing and TB programmes
among the countries should be investigated.
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