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Transmission of Mycobacterium tuberculosis continues at high rates among Greenland-born persons in Greenland and Den-
mark, with 203 and 450 notified cases per 105 population, respectively, in the year 2010. Here, we document that the predomi-
nant M. tuberculosis outbreak strain C2/1112-15 of Danish origin has been transmitted to Greenland-born persons in Denmark
and subsequently to Greenland, where it is spreading at worrying rates and adding to the already heavy tuberculosis burden in
this population group. It is now clear that the C2/1112-15 strain is able to gain new territories using a new population group as
the “vehicle.” Thus, it might have the ability to spread even further, considering the potential clinical consequences of strain di-
versity such as that seen in the widely spread Beijing genotype. The introduction of the predominant M. tuberculosis outbreak
strain C2/1112-15 into the Arctic circumpolar region is a worrying tendency which deserves attention. We need to monitor
whether this strain already has, or will, spread to other countries.

Together with the Faroe Islands, Denmark (DK) and Greenland
(GL) constitute the Kingdom of Denmark. DK is a low-tuber-

culosis (TB)-burden country, whereas GL is a high-TB-burden
country, with overall TB notification rates of 6.5 and 203.0 per 105

population, respectively, in the year 2010 (1, 2).
Based on 2 decades of nationwide genotyping of Mycobac-

terium tuberculosis complex strains from TB cases in the Danish
kingdom, it has been documented that the active transmission
of M. tuberculosis continues at surprisingly high rates (2–7). In
DK, the transmission occurs predominantly in specific high-risk seg-
ments of the population with social problems such as homelessness
and alcohol and/or drug abuse. Many Denmark-born males are in-
fected with one specific M. tuberculosis outbreak strain called the
Danish cluster 2 or mycobacterial interspersed repetitive-unit–vari-
able-number tandem-repeat (MIRU-VNTR) 1112-15 (C2/1112-15)
strain (3, 5–7). From 1992 through 2011, more than 600 Denmark-
born C2/1112-15 cases were registered, and the proportion in-
creased from 6% in 1992 to 30% in 2011 (2). The C2/1112-15
outbreak in DK has been attributed to delayed diagnosis, and it
has been recognized that the situation demands increased focus
on early tuberculosis diagnosis and a reduction of transmission (2,
6, 8–10).

In GL, TB remains a major health problem (1, 11, 12). During
the 1990s, the overall incidence of TB doubled (13), and the pro-
portion of children �15 years among the TB cases increased from
8% in 1990 to 25% in 1997 (13, 14). Children still account for a
high proportion of new cases (1), indicating high levels of active
transmission (15).

Until recently, the C2/1112-15 outbreak was considered an
isolated Danish problem, as the M. tuberculosis C2/1112-15
strain has been found almost exclusively in Denmark-born per-
sons. Now, it is recognized that the C2/1112-15 strain is being
transmitted to Greenland-born persons in DK and GL at in-
creasing rates, which introduces this strain into the Inuit com-

munity in the Arctic circumpolar region, a region already heav-
ily burdened with TB (2, 16). We believe this to be a problem
that deserves attention.

The focus of this study was to quantify and map the recent
spread of the M. tuberculosis outbreak strain C2/1112-15 from
Denmark-born persons to Greenland-born persons in DK and GL
and point out implications for TB control.

MATERIALS AND METHODS
This was a retrospective nationwide register study based on centralized M.
tuberculosis genotyping from the previous 20 years.

Tuberculosis control. All three countries in the Danish kingdom have
separate notification systems but use a common biosafety level III diag-
nostic facility at the International Reference Laboratory of Mycobacteri-
ology (IRLM) in Copenhagen, Denmark. The IRLM performs all cultur-
ing, drug susceptibility testing, and molecular typing of M. tuberculosis
complex strains in these countries, whereas microscopy and PCR analyses
are sometimes also offered by local laboratories. The mandatory notifica-
tion system is dual; physicians and the IRLM report TB cases to the na-
tional health authorities. TB diagnostics, treatment, and contact tracing
are free of charge (17).

Since 1992, nearly all (94%) culture-verified new and recurrent M.
tuberculosis complex cases diagnosed in the Danish kingdom have been
genotyped. The results have been stored in a laboratory register at the
IRLM together with the laboratory findings and case-related information
(17). From 1992 through 2006, isolates were genotyped by the gold stan-
dard IS6110 restriction fragment length polymorphism (RFLP) method
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(18), and from 1 January 2004 to the end of the study period, isolates were
genotyped by the new gold standard, the 24-locus-based mycobacterial
interspersed repetitive-unit–variable-number tandem-repeat (MIRU-
VNTR) method (19, 20). PCR amplification of the 24 MIRU-VNTR loci
was performed with the MIRU-VNTR genotyping kit (Genoscreen, Lille,
France) as described in the manufacturer’s manual, and DNA profiles
were imported into the MIRU-VNTRplus web application (see http:
//www.miru-vntrplus.org/MIRU/index.faces) and named (21, 22).

Cohort and analysis. In this study, we analyzed the genotyping results
from all M. tuberculosis culture-positive TB cases in DK and GL from 1992
through 2011, including only one strain per case. The cases were geno-
typed as soon as the cultures were available. The genotyping results, lab-
oratory findings, and available epidemiologically relevant information
were linked at the case level. Based on their country of birth, the cases were
categorized as Denmark-born or Greenland-born, with the vast majority
of the Greenland-born people being Inuit. For any case without this in-
formation in the Civil Registration System, the country of birth was cate-
gorized as “other.” Epidemiological linkage information has not been
collected or registered on a routine basis in the Danish kingdom and was
thus available for only a few cases. Information on social factors has also
not been registered systematically, but we retrieved data on living condi-
tions from the Construction and Housing Register based on the case ad-
dress information.

For the years 2005 and 2006, both IS6110 RFLP and MIRU-VNTR
typing were performed. This overlapping period allowed us to identify the
C2/1112-15 strain, originally discovered by the IS6110 RFLP method (5),
by MIRU-VNTR typing as well. For 92.2% (153/166) of the cases geno-
typed by both methods, cluster 2 corresponded to one specific MIRU-
VNTR genotype designated 1112-15. Therefore, MIRU-VNTR 1112-15
was considered to be identical to C2 and referred to as C2/1112-15. The
MIRU-VNTR pattern 1112-15 can be seen at http://www.miru-vntrplus
.org/MIRU/nomenclature.faces (enter “1112-15” in “single query”)
(21, 22).

A TB case was classified as clustered, and thus potentially part of an
active transmission chain, if the RFLP and/or MIRU-VNTR type was

100% identical to the type of at least one other case in the same country
(DK or GL) during the study period.

The cases included in GL were categorized according to genotype and
stratified by sex, age, disease characteristics, and country of origin (Table
1). Furthermore, the categorized cases were stratified by the year of geno-
typing (Table 2). The C2/1112-15 cases in DK were categorized according
to ethnicity and stratified by the year of genotyping from 1992 through
2011 (Fig. 1). The mean age (MA) and standard deviation (SD) at the time
of genotyping were calculated (Table 1). The incidence rate (IR) of the
genotyped M. tuberculosis culture-positive new/reinfection cases in GL
per 100,000 population per year was calculated based on population data
retrieved from Statistics Greenland (Table 2) (see http://bank.stat.gl/D
ialog/varval.asp?ma�BEDSAT1&ti�Befolkning�og�befolkningstilv
%E6kst�1901%2D2012�efter�tid%2C�art�og�f%F8dested&path
�./Database/Gr%F8nland/Befolkning/Folketal/&lang�4 [population
1901-2012]). The probability of equal distribution of all cases in GL by
time (1992 to 2001 versus 2002 to 2011), genotype (clustered versus non-

TABLE 1 Characteristics of Mycobacterium tuberculosis-positive cases in
Greenland during the 20 years from 1992 through 2011, according to
genotypea

Characteristic
C2/1112-15
strain

Other,
clustered Nonclustered Total

All cases (n [%]) 36 (3.9) 786 (84.8) 105 (11.3) 927 (100.0)
Sex (n [%])

Male 21 (4.0) 442 (85.0) 57 (11.0) 520 (100.0)
Female 15 (3.7) 344 (84.5) 48 (11.8) 407 (100.0)

Age (n [%])
All ages 36 (100.0) 786 (100.0) 105 (100.0) 927 (100.0)
0–19 yr 1 (2.8) 172 (21.9) 16 (15.2) 189 (100.0)
20–39 yr 11 (30.6) 337 (42.9) 28 (26.7) 376 (100.0)
40–59 yr 23 (63.9) 216 (27.5) 36 (34.3) 275 (100.0)
60–79 yr 1 (2.8) 57 (7.3) 24 (22.9) 82 (100.0)
�80 yr 0 4 (0.5) 1 (1.0) 5 (100.0)
Mean age (SD) 43 (10.8) 34 (16.9) 43 (19.6) 35 (17.4)

Disease characteristics
(n [%])

All locations 36 (100.0) 786 (100.0) 105 (100.0) 927 (100.0)
Pulmonary 32 (88.9) 738 (93.9) 95 (90.5) 865 (93.3)
Sputum smear positive 20 (62.5) 398 (53.9) 41 (43.2) 459 (53.1)
Nonpulmonaryb 4 (11.1) 48 (6.1) 10 (9.5) 62 (6.7)

Country of originc

Greenland 36 (3.9) 778 (84.7) 104 (11.3) 918 (100.0)
Denmark 0 6 (85.7) 1 (14.3) 7 (100.0)
Other 0 2 (100.0) 0 2 (100.0)

a Analyzed by the IS6110 RFLP or MIRU-VNTR method (see Materials and Methods).
b Nonpulmonary only.
c Country of origin was categorized as Denmark, Greenland, or other (see Materials and
Methods).

TABLE 2 Temporal distribution of Mycobacterium tuberculosis-positive
cases in Greenland during the 20 years from 1992 through 2011,
according to genotypea

Yr

No. (%) of M. tuberculosis-positive cases
categorized as:

Total no. (%) Total IRb
C2/1112-15
strain

Other,
clustered Nonclustered

1992 0 22 (81.5) 5 (18.5) 27 (100.0) 47.6
1993 0 20 (87.0) 3 (13.0) 23 (100.0) 40.1
1994 0 28 (87.5) 4 (12.5) 32 (100.0) 56.6
1995 0 29 (100.0) 0 29 (100.0) 50.8
1996 0 47 (85.5) 8 (14.5) 55 (100.0) 95.5
1997 0 44 (84.6) 8 (15.4) 52 (100.0) 88.5
1998 0 35 (79.5) 9 (20.5) 44 (100.0) 74.2
1999 0 40 (87.0) 6 (13.0) 46 (100.0) 76.9
2000 0 29 (85.3) 5 (14.7) 34 (100.0) 60.4
2001 1 (1.7) 55 (91.7) 4 (6.7) 60 (100.0) 106.5
2002 0 39 (97.5) 1 (2.5) 40 (100.0) 71.0
2003 1 (2.6) 34 (87.2) 4 (10.3) 39 (100.0) 69.2
2004 1 (2.2) 37 (80.4) 8 (17.4) 46 (100.0) 81.6
2005 8 (11.0) 61 (83.6) 4 (5.5) 73 (100.0) 129.5
2006 3 (5.7) 45 (84.9) 5 (9.4) 53 (100.0) 94.0
2007 7 (15.6) 34 (75.6) 4 (8.9) 45 (100.0) 79.9
2008 3 (6.8) 38 (86.4) 3 (6.8) 44 (100.0) 76.4
2009 5 (10.0) 37 (74.0) 8 (16.0) 50 (100.0) 86.8
2010 3 (3.8) 66 (82.5) 11 (13.8) 80 (100.0) 138.8
2011 4 (7.3) 46 (83.6) 5 (9.1) 55 (100.0) 95.4

Total 36 (3.9) 786 (84.8) 105 (11.3) 927 (100.0) 81.3

a Analyzed by the IS6110 RFLP or MIRU-VNTR method (see Materials and Methods).
b IR, incidence rate for genotyped Mycobacterium tuberculosis culture-positive
new/reinfection cases in Greenland per 100,000 population per year.

FIG 1 Cases with the Mycobacterium tuberculosis C2/1112-15 genotype in
Denmark categorized according to country of birth (see Materials and Meth-
ods) in ethnic Danes, Greenlanders, and others and according to total nation-
alities, by year of genotyping from 1992 through 2011.
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clustered), sex, age (20-year age groups), and disease localization (pulmo-
nary versus nonpulmonary) was tested, as was smear positivity (positive
versus negative) in clustered versus nonclustered cases, using the chi-
square test (23).

RESULTS

The cohort consisted of 7,755 genotyped M. tuberculosis-positive
TB cases, with 927 cases in GL and 6,828 cases in DK. During the
20-year study period, this accounted for 76.5% (7,755/10,140) of
all notified TB cases, 64.2% (927/1,443) in GL, and 78.5% (6,828/
8,697) in DK. Also, it accounted for 93.9% (7,755/8,259) of all the
culture-verified cases in the two countries. Thus, 6.1% of all the
culture-verified M. tuberculosis cases had no valid genotype or had
not yet been genotyped, and 23.5% of the notified cases were cul-
ture negative or had no specimen sent for culture (mainly the cases
based on clinical diagnoses alone, e.g., children). Of the 927 geno-
typed M. tuberculosis-positive TB cases in GL (Table 1), 99.0%
were Greenlandic, 56.1% were male, and 93.3% had pulmonary
TB, and 53.1% of the pulmonary cases were sputum smear posi-
tive. The MA was 35 years (SD, 17.4 years).

Of the 927 genotyped M. tuberculosis-positive TB cases in GL
(Table 2), 88.7% had clustered strains and 11.3% had nonclus-
tered strains. The C2/1112-15 strain accounted for 3.9% of the
cases (Table 2), with the first case observed in Nuuk, the capital of
GL, in the year 2001. The other clustered and nonclustered cases
accounted for 84.8% and 11.3% of all cases, respectively (Table 2).
There were no significant changes in the distribution of the clus-
tered versus nonclustered cases during the first and last 10-year
periods (chi-square, 1.8; P � 0.18), and in a comparison of the
clustered and nonclustered cases, there were no significant differ-
ences in sex (chi-square, 0.2; P � 0.69) or disease location (chi-
square, 1.5; P � 0.22). However, there were significantly more
clustered sputum smear-positive pulmonary cases (chi-square,
4.2; P � 0.04). Also, there were more nonclustered pulmonary and
nonpulmonary cases in the older age groups (chi-square, 34.3;
P � 0.01). Based on living addresses, the vast majority of the
C2/1112-15 cases in GL (86.1%) were located in Nuuk in the
Sermersooq municipality, with a high concentration of the cases
in one specific huge block of flats that house approximately 1% of
the Greenlandic population, many of whom are unemployed, are
poor, and/or abuse alcohol.

The average IR for the genotyped M. tuberculosis culture-pos-
itive TB cases in GL during the 20-year study period was 81.3, with
the lowest IRs from 1992 through 1995 (47.6 to 50.8) and higher
IRs during the rest of the period (up to 138.8 in 2010) (Table 2).

DISCUSSION

This study documents that the M. tuberculosis outbreak strain C2/
1112-15 can no longer be considered a Danish problem only, as it
is no longer confined to Denmark-born persons. An increasing
number of Greenland-born persons, especially those in DK and
now also those in GL, are infected with the M. tuberculosis strain
C2/1112-15. During the first 10 years of the study (1992 through
2001), C2/1112-15 infection occurred only sporadically among
Greenland-born persons in DK, and there were no cases in Green-
land. Since then, among Greenland-born persons in DK with TB,
the number of C2/1112-15 cases has increased significantly, reach-
ing 37% in 2011. At the same time, the relative proportion of
C2/1112-15 cases among Denmark-born persons has decreased
from 100% in the early 1990s to 53% in 2011. Today, the Green-

land-born minority in DK accounts for more than one-third of all
C2/1112-15 cases in the Danish kingdom, although the C2/
1112-15 genotype still accounts for no less than 30% of all clus-
tered Denmark-born cases (2).

In DK, the C2/1112-15 outbreak among Denmark-born per-
sons has been associated with specific high-risk segments of the
population struggling with social problems, and transmission has
been attributed to delayed diagnosis (2, 5–7). A large number of
C2/1112-15 patients are male and have smear-positive (conta-
gious) pulmonary TB (6, 7, 24). Focusing on the 99 Greenland-
born C2/1112-15 cases in DK identified in this study, we found
that 29% had no permanent living address or were living in shel-
ters/institutions, and a further 55% lived in social housing at the
time of diagnosis. Thus, at least 84% of all Greenlandic C2/
1112-15 patients in DK lived under potentially difficult social con-
ditions. During the last 2 decades covered by this study, other
strains of M. tuberculosis have been introduced into the same vul-
nerable segment of the population without causing large out-
breaks like the C2/1112-15 strain did. Thus, it is tempting to spec-
ulate that C2/1112-15 is more virulent than other strains, as was
reported for the Beijing strains (25), but the present study does not
enable any conclusions on virulence. Fortunately, nearly all C2/
1112-15 strains are susceptible to first-line antituberculous drugs.

GL has some of the highest rates of pulmonary TB in the world
(26). In this study, 93% of all the genotyped M. tuberculosis cul-
ture-positive TB patients in GL had pulmonary TB, among whom
53% were sputum smear positive. The proportion of the sputum
smear-positive cases was significantly higher among the clustered
pulmonary cases than the nonclustered pulmonary cases, and the
proportion of elderly persons was significantly higher among the
nonclustered cases than the clustered cases. Both findings indicate
high rates of active transmission in the younger age groups in GL.
It is striking that no less than 89% of all genotyped M. tuberculosis
culture-positive cases in GL during these 20 years were clustered,
even though higher clustering rates are to be expected in geo-
graphically isolated populations. The very high cluster frequency
can also indicate high rates of active transmission in GL (27). In
comparison, the overall cluster frequencies in DK and in The
Netherlands are 56% and 45%, respectively (7, 28).

From the limited epidemiological linkage information, it is
known that the first C2/1112-15 case observed in GL (in Nuuk in
2001) has family relations in DK and that this person lived in the
Danish town Aalborg from August 1998 through November 1999.
Aalborg has the second highest concentration of C2/1112-15 cases
among Greenland-born persons in DK. Thus, it is possible that
this patient was infected in DK and subsequently developed TB in
GL approximately 2 years later, but the exact route of transmission
cannot be proven.

The present resurgence of TB in DK and GL, especially the
M. tuberculosis outbreak strain C2/1112-15 among Greenland-
born persons in DK and GL, demands an increased focus on
early tuberculosis diagnosis and control of transmission. Im-
proved action will require prioritizing the prevention and con-
trol of tuberculosis both politically and economically (2). The
health authorities in DK and GL have already taken some ini-
tiatives, but despite these efforts, the TB incidence is reaching
new heights in GL, and the overall number of new TB cases is
increasing in DK. It is obvious that the actions taken until now
are not sufficient. It is important to eliminate the factors that
continue to fuel the TB epidemic. Social factors such as hous-
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ing, alcohol consumption, and nutrition have been identified
as important obstacles, as well as the late detection of active
cases, causing increased active transmission (29, 30). In GL,
microepidemics occurring in small isolated settlements pri-
marily affect young adults and children (13), and the widely
scattered population living in small communities can be diffi-
cult to reach (11). The new European Union standards for
tuberculosis care have emphasized that all persons presenting
with signs, symptoms, a history, or risk factors compatible with
TB should be evaluated for TB and that those suspected of
having pulmonary TB should have at least two sputum speci-
mens submitted for microscopic examination, culture, and
drug susceptibility testing (DST) in a quality-assured labora-
tory (31). In addition, all molecular diagnostic results must be
confirmed by culture-based DST (31). Fortunately, HIV infec-
tion plays no role in the present resurgence of TB in DK and GL
(30, 32).

In conclusion, Greenland-born persons in DK and GL cur-
rently have significant TB problems (4, 13, 29, 33). Therefore, it
is worrying that the predominant M. tuberculosis outbreak
strain C2/1112-15 of Danish origin is spreading among Green-
land-born persons in DK and GL. From this study, it is clear
that the C2/1112-15 strain is able to spread to new territories
using the Greenland-born population as a vehicle. Through the
Greenland-born population in DK and subsequently in GL, the
C2/1112-15 strain has been introduced into the Arctic circum-
polar region and, in view of the potential clinical consequences
of strain diversity, has the potential to spread even further, as
seen with the widely spread Beijing genotype (34). If TB control
is prioritized politically and economically, the histories in both
DK and GL show that the problems can be overcome. In the
1940s, DK was leading the international WHO campaign
against TB because of the successful Danish TB campaign (2),
and as recently as the 1980s, GL had a more acceptable TB
incidence of 22 per 105 population (13).
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