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Figure 1. Annually notified TB cases in Denmark 1980-2003.

600

500

400

300

200

100

0

19
80

19
82

19
84

19
86

19
90

19
92

19
94

19
96

19
98

20
00

20
02

19
88

Immigrants*
Danes

*) Immigrants are persons born abroad and their children <25 years.

Year

Number of cases

Figure 1. Annually notified TB cases in Denmark 1980-2003.

600

500

400

300

200

100

0

19
80

19
82

19
84

19
86

19
90

19
92

19
94

19
96

19
98

20
00

20
02

19
88

Immigrants*
Danes

*) Immigrants are persons born abroad and their children <25 years.

Year

Number of cases



��� � � � �� 	 � � 
 � � � �  � � 	 � � � � �� � � � � �� � � � � 	 � �  � � � � � � � ��

1,&���%��(#�%��BL� �-/�  -� %�#%)�A�%.*,%�'�*& ),� C0� D#2�% )�$.
-�+�(�2�&�*�&*'.� ,��%+� *�-� �22 ���*%� B��	��� ��C0� #%)� (� � 1-,*�*/
&��*2 ��(#�%��B#,�#2�% /��*)#2�% �*��#,�#2�% ��C0� D#2�% )�$.
1-,*� �& %& �2�&�*�&*'.�B��	�����C���� �1-,*�*&��*2 ��(#�%���#! 
%*"�$ &*2 � �*,(�% �'�*& ),� � �%� -#$*�#(*�� ��$ &#,� � (� .�#--*"
�#'�)� �&�  %�%+� *1� �' &�2 %�� #%)� $ &#,� � (� � '�*& ),� � ��� 2*� 
� %��(�! �(�#%�(� �(�#)�(�*%#-�L� �-/�  -� %��(#�%�

�%� �'�( �*1�2*) �%�#)!#%& �0�2�&�*�&*'.�� 2#�%��#%� �2'*�(#%(
)�#+%*�(�&� (**-� �%� (,$ �&,-*���� &*%(�*-� ��%& � �(� �) %(�1� �� (� �2*�(
�%1 &(�*,�� &#� �;� �(� ��� �#'�)0� �% D' %��! 0� ( &�%�&#--.� ��2'- 0� #%)
�' &�1�&� 1*�� #&�)/1#�(� $#&�--�� B���C����&�*�&*'.� &#%0� �*" ! �0� %*(
)��&��2�%#( �$ ("  %�����	����	������#%)�*(� ��2.&*$#&( ��#0�-#&4�
� %��(�!�(.0�#%)�&#%%*(�$ �#''-� )�(*�2*%�(*��%+�*1� (� #(2 %(�#�� �(
)* �� %*(� )��&��2�%#( � $ ("  %� -�! � #%)� ) #)� $#&�--��� @��- � ���

����2-�*1��' &�2 %��,�,#--.�� �,-(��%�#�'*��(�! ��2 #�0�*%-.���G�*1
(� ��2 #���#� �'*��(�! ��1���=�����2-�#� �'� � %(�B���C���� �*! �#--
� %��(�!�(.�*1�(� �2�&�*�&*'.��#��$  %�� '*�( )�(*��#%+ �1�*2����(*
I<G� B=�C0� �*" ! �0� (� � � %��(�!�(.� #'' #��� (*� $ � -*" �� �%� %*%� /
�'��#(*�.� �' &�2 %��), � (*� (� � -*" �� $#&( ��#-� -*#)� #%)� -*" �� 1*�
�*2 ������' &� ��), �(*�'**� ���(#�%�%+�*1�(� �& --�"#--�BF�0��0���C�

���� 
���	
�.&*$#&( ��#-�&,-(,� ����(� �2�&�*$�*-*+�&#-�+*-)��(#%)#�)�1*��)�#+/
%*����*1�2.&*$#&( ��#-� �%1 &(�*%�#��&,-(,� �#%)�'*���$- � �) %(�1�&#/
(�*%�*1��' &� �����(� �*%-.�"#.�(*� �(#$-����#�) 1�%�(�! ����)�#+%*����
��#)�(�*%#-�2.&*$#&( ��#-�&,-(,� �2 )�#��%&-,) � ++/$#� )�B�:! %/
�( �%/3 %� %0� > (�#+%#%�0� �2 ��&#%� ��,) #,� �*&� (.0� #%)��+#"#C0
#+#�/$#� )�B��))- $�**4�I����#%)�I���C0�#%)�-�K,�)�2 )�#�B��)/
)- $�**4� I�F� #%)� �,$*�C�� �--� 2 )�#� ��*,-)� $ � �%&,$#( )� 1*�� <
"  4��� �� � (�2 � (*� ) ( &(�*%� *1� +�*"(�� *1� 2.&*$#&( ��#� &#%� $ 

��*�( % )���+%�1�&#%(-.�B2 #%���/���)C�"�(��(� �,� �*1�� 2�/#,(*/
2#( )� B��
�	
� =����� �.�( 2C� *�� #,(*2#( )� B��
�	
� �?��
F��0�	�>�
,-(,� ��.�( 2���0�#%)�����#&����	�������.�( 2C�-�K,�)
&,-(,� � �.�( 2��B��0����0���<C���� ���+� �(� � &*! �.� �#( ��#��$  %
*$(#�% )�,��%+�#�&*2$�%#(�*%�*1��*-�)�#%)�-�K,�)�2 )�#��� -�#$- ��%/
1*�2#(�*%�#$*,(�(� �-�2�(�*1� (� �) ( &(�*%�*1�&,-(,� � ���)�11�&,-(� (*
*$(#�%�), �(*�(� �2.&*$#&( ��#-�( %) %&.�(*�&-,2'�#%)�(� ��2'#&(
*1� �#���� �#2'- � ) &*%(#2�%#(�*%0� $,(� �(� ���  �(�2#( )� (*� $ � #$*,(
����

���� �>	
�	����	�����
�����������
���
�	���
@� % ! ��'*���$- 0�2.&*$#&( ��#���*,-)�$ ��) %(�1� )�#(�(� ��' &� �
- ! -���,2 ��&#-�#%#-.����*1�$�*&� 2�&#-�1 #(,� ��#%)�+�*"(��&�#�/
#&( ���(�&���#! �(�#)�(�*%#--.�$  %�,� )�(*�)�11 � %(�#( �$ ("  %�(� 
�' &� ��B�<FC��>�*' �(� ���,&��#��+�*"(���#( 0�'�+2 %(#(�*%0�&*-*%�#-
2*�'�*-*+.� (&��#� �,� )��%�(� �)�11 � %(�#(�%+�'�*& ���#%)�(� �'�*/
& ),� ��#� �� -#(�! -.��% D' %��! �$,(�(� .�#� �(�2 /&*%�,2�%+�B��(*
��"  4��(*�&*2'- ( C�#%)�) -#.��) %(�1�&#(�*%���%�#))�(�*%0���%& �� !/
 �#-�� & %(-.�) �&��$ )�2.&*$#&( ��#��' &� ��#� �%*(��,11�&� %(-.�'� /
%*(.'�&#--.� &�#�#&( ��� )0� $�*&� 2�&#-� ( �(�� *1( %� .� -)�  ��*% *,�
�) %(�1�&#(�*%�B��=C�

�%�#-( �%#(�! �(**-��%��' &� ���) %(�1�&#(�*%����2.&*-�&�#&�)�#%#-./
���0�"��&�� ��� (� �*% �*1� (� �2�%�2#-�&��( ��#� 1*�� (� �) �&��'(�*%�*1
% "�2.&*$#&( ��#-��' &� �����+�/'� ��,� �-�K,�)�&��*2#(*+�#'�.�*1
2.&*-�&�#&�)� �( ����#��$  %�) 2*%�(�#( )�(*�$ �#��#'�)�#%)�� -�#$- 
2 (�*)� 1*�� �) %(�1�&#(�*%� *1� 2#%.� �����������	�� �' &� �� �%� �/�
)#.��B�FC���� �2 (�*)�����(#%)#�)�� )0���+�-.�� %��(�! �#%)��' &�1�&
$,(� �(� � K,�� �� &*%��) �#$- � $�*2#��� �%� +�*"(�0�  D' �(�� � #%)�  D/
' %��! � K,�'2 %(�

����� K, %&�%+�*1�(� �+ % � %&*)�%+�(� �����������#��$ &*2 
(� � +*-)� �(#%)#�)� 1*�� �) %(�1�&#(�*%� *1�2.&*$#&( ��#-� �' &� ��� �� 
2 (�*)� #%)�'��2 ��� #� � ) �&��$ )� �%� ) (#�-� $.�A���&�% �� #%)� &*/
"*�4 ��� B<�C��� K, %&�%+�*1��.' �!#��#$- � � +�*%����#%)���*1� (� 
+ % �#--*"��1*���) %(�1�&#(�*%�*1�(� �2#6*��(.�*1�2.&*$#&( ��#-��' /
&� ����*" ! �0�%*�'*-.2*�'���2��#� �'� � %(�"�(��%�����	����	�����
&*2'- D� B�� ����� �	����	���������������� ���� ������
	��� ��� ��������
�����
�����C�#%)��*2 �*1�(� ��' &� ��&#%%*(�$ �)��&��2�%#( )�$.�(���
2 (�*)�� � ! �#-� *(� �� (#�+ (� + % ���#! �$  %� �%! �(�+#( )� 1*�� (���
',�'*� ���� � ��%&-,) �(� �+ % � %&*)�%+�(� ���/4�#�'�*( �%�B���C0
(� ��
���+ % �B�I�C0�(� ��,' �*D�) �)��2,(#� �B���C�+ % �B��<C0�(� 
����� + % � BI<0� ��=C0� (� � ����� + % � BIFC0� (� � �%( �%#-� (�#%�&��$ )
�'#& �����/����� K, %& �B�==0��=�C0�#%)�(� �"�) -.�,� )�(� �����
+ % �B��FC��� & %(��2'�*! 2 %(���%�#,(*2#(�*%�*1�(#�+ (�#2'-�1�&#/
(�*%�#%)�� K, %& �#%#-.�����#! �- )�(*�'�#&(�&#-��2'- 2 %(#(�*%�*1
(� �2 (�*)�$,(��(� ���� -#(�! -.�-#$*,���%( %��! 0�� K,�� ����+��( &�/
%*-*+.�#%)� D' %��! � K,�'2 %(�

>
��� �(��&(�*%� %H.2 �#%#-.����*1�(� ������+ % �"#��) ! -*' )
$.�>-�4#.(��� (�#-��B���C�#%)�-#( ��2*)�1� )�$.�� - %(�� (�#-��B�I=C�1*�
�#'�)� �) %(�1�&#(�*%� *1� (� � 2*�(� 2.&*$#&( ��#-� ��*-#( ��� �*" ! �0
2 2$ ���*1���� �	����	������ &*2'- D�#� �%*(�)��&��2�%#( )�$.� (���
2 (�*)���� �( &�%�K, � ��� (�2 �&*%�,2�%+0� ���%*(�&*22 �&�#-�� )0
#%)�� K,�� �� D( %��! ��%/�*,� �!#-�)#(�*%�


*22 �&�#--.�#!#�-#$- � �) %(�1�&#(�*%�'�*$ �� �,&��#���&&,>�*$ 
B? %>�*$ � �%&��
#-�1�C� (#�+ (�%+� �����&#%�*%-.� �) %(�1.���� �	��� 
�	������&*2'- D0�������	�������
�������	������������	��&*2'- D0���
��
�������#%)���������
���B<�C���� �#��#.�����#'�)�#%)� #�.�(*�' �/
1*�2�$,(��#�� & �(#�%� -�2�(#(�*%��� �(� � K,�� �� -#�+ �#2*,%(��*1� &,-/
(,� )�$#&( ��#0�#%)�"*�4���%�#�M(��#-�#%)� ��*�N�2#%% ��#��*% �'�*$ 
���( �( )�#(�#�(�2 ���,�(� �2*� 0�2�D )��%1 &(�*%��#� �)�11�&,-(�(*�) /
( &(�,%- �����*-#( ��#� ��*,(�% -.�( �( )�"�(��#--�'�*$ ��

� & %(-.0�("*�% "�����-�% �'�*$ �( &�%*-*+� ���#! �$  %�) ! -/
*' )� 1*�� ��2,-(#% *,�� �) %(�1�&#(�*%� *1� 2.&*$#&( ��#�� �� � �%%*/
��>���.&*$#&( ��#�B�%%*+ % (�&�0�?� %(0�� -+�,2C����$#� )�*%�>
�
#2'-�1�&#(�*%�*1� (� ���/����������'#& �� � +�*%�*1������������	�
�' &� �0� #%)� �#�� $  %� ) ��+% )� 1*�� �) %(�1�&#(�*%� *1�2.&*$#&( ��#
+�*"%��%�&,-(,� �2 )�#�#%)�)��&��2�%#(�*%�$ ("  %�����	����	�����
&*2'- D0�������	�������
�������	�����������
���������������
������

Figure 2. Acid-fast staining of mycobacteria. A: The carbol-fuchsin stains.
B: The fluorochrome stains.
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Figure 3. Role of nucleic acid amplifi-
cation tests for M. tuberculosis complex
in the initial evaluation of patient with
suspected pulmonary tuberculosis.
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AFB: Acid-fast bacilli; NAA: Nucleic acid amplification; MTC: M. tuberculosis complex; 
NTM: Nontuberculous mycobacteria.
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���� �#�� $  %�  !#-,#( )� $.� *(� ��� #%)� ' �1*�2#%& �� � '*�( )
-��( )� *,(� �%������ ��� �*2 � #,(�*��� � '*�( )� ��+� �� � %��(�!�(.� �%
�2 #��% +#(�! ��' &�2 %���#%+�%+�1�*2������(*�<I��G���� �� #�*%

Methods/ Volume IAC/auto- Assay Sensitivity Specificity
NAA-tests target gene (µµl) mation time (h) (%) (%) References

Amplicor PCR/16S DNA 100 +/+ 6-7 66.3-94.2 98.8-100 50, 154 

AMTD-2 TMA/16S RNA 450 –/– 2.5 85.7-97.8 99.1-100 117, 154

LCx LCR/38-kDa 500 –/+ 6 75.7-90.8 92.4-100 12, 128

ProbeTec SDA/ IS6110 500 +/+ 3 82.7-97.1 96-99.8 I, 14

IAC: Internal amplification control.

Table 1. Available different nucleic
amplification tests and their perform-
ances in diagnosing respiratory tuber-
culosis.

Figure 4. Strand displacement amplifi-
cation.

S1 and S2: Primers.
B1 and B2: Bumpers.
BsoB1: Restriction enzyme.
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*1� 2�&�*�&*'.� % +#(�! � ��� ��� *1� +� #(� �2'*�(#%& � ��%& � �(� #--*"�
 #�-.� (� #(2 %(0� #%)� #!*�)�� ,%% & ��#�.� #%)� '*( %(�#--.� �#�21,-
)�#+%*�(�&�'�*& ),� ��#��" --�#��2�%�2�H ��(� �) ( ��*�#(�*%�*1�(� 
)�� #� �), �(*�)�#+%*�(�&�) -#.���� �#��#.�'�*!�) ��-�((- �#))�(�*%#-
�%1*�2#(�*%� �%� (���� &#( +*�.�� �� � ' �1*�2#%& � *1� (� � #��#.� "#�
2,&�� $ (( �� �%� ,��% 0� �.%*!�#-� 1-,�)0� ',�� #%)� +#�(��&� -#!#+ �0
 �' &�#--.�"� %�&*2'#� )� (*� (� �' �1*�2#%& �*1�2�&�*�&*'.���� 
*! �#--�' �1*�2#%& �*1�(� ��(#%)#�)�#��#.�"#��2,&��-*" ���%�%*%/
� �'��#(*�.� �' &�2 %�� (�#%� �%� � �'��#(*�.� �' &�2 %�� B���IG� !��
<��IGC�B�C�

�! �#--��' &�1�&�(.�"#��F��IG�"� %�&*2'#� )�(*�&,-(,� 0�$,(��%/
&� #� )� (*�F<�FG�,'*%�� / !#-,#(�*%�*1� (� � ��D� 1#-� /'*��(�! � �#2/
'- ��&*%(#�%�%+� �(� ��) #)�$#&( ��#�*��*��+�%#(�%+�1�*2�'#(� %(��1,-/
1�--�%+�$*(��&-�%�&#-�#%)�&-#���&#-�'#(�*-*+�&#-� 1 #(,� ��*1��������
$#� )�#��#.��)*�%*(�#�� ���(� �!�#$�-�(.�*1�(� �*�+#%��20�#%)�#� �(�,�
�%#''�*'��#( �1*��(� �2*%�(*��%+�#%)�1*--*"/,'�*1�(� �'#(� %(�),�/
�%+�(� #(2 %(�#%)�#1( ��& ��#(�*%�B�<0��<�C���"*��#2'- ��" � �(�,-.
1#-� /'*��(�! �

�� �2 (�*)��#��$  %� !#-,#( )�1*��)�#+%*��%+�%*%� �'��#(*�.���
�%�#�&-�%�&#-�� ((�%+�$.�*(� ���#%)�' �1*�2#%& ��#� ��,22#��� )��%
�#$- ������ �*! �#--�� %��(�!�(� ��" � �+ % �#--.���+� ���#%+�%+�1�*2

No. of No. of MTC
specimens/ cultures/smear- Sensitivity (%)

Study specimens positive Specificity
(reference) type specimens smear – smear + overall (%)

Bergmann et al. (21) 600/R 16/12 75 100 93.8 99.8

Johansen et al. (I) 351/R 150/85 60 100 82.7                  99
372/NR 192/67 40.3 98.5 60.7 98.9

Barrett et al. (14) 200/R 104/101 33.3 99 97.1                  96

Maugein et al. 547/R 69/43 76.4 100 89.5 98.2
(101) 74/NR 8/4 85.7 100 NA NA

Piersimoni et al. 331/R 91/76 75 98.7 94.5 99.6
(131) 184/NR 30/22 82.3 100 92.3 100

Mazzarelli et al. 537/R 184/135 70.6 99.2 91.3 98.1
(103) 294/NR 68/28 69 90 77.8 97.7

Iinuma et al. (73) 411/R 93/83 50 98.7 93.5 99.7

de la Calle et al. (75) 502/R 32/21 81.8 100 93.5 99.5

Rüsch-Gerdes and 735/R 98/36 87.1 100 93.5 98.2
Richter (149) 396/NR 27/3 83.3 100 91.6 98.7

R: respiratory; NR: nonrespiratory; MTC: M. tuberculosis complex; NA: not available.

Table 2. Detection of M. tuberculosis
complex by strand displacement am-
plification in respiratory and nonres-
piratory specimens.
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Table 3. Results of culture and strand displacement amplification with 
different lysis procedures for cerebrospinal fluid.

M. Standard SDA Modified SDA
tuberculosis
culture posi- border- nega- posi- border- nega-
(n = 101) tive line tive tive line tive

Positive (13) 8 0 5 10 1 2

Negative (88) 1a 0 87 1a 1b 86

a) The specimen was from a patient from whom another specimen revealed
culture verified tuberculous meningitis.

b) The specimen was from a patient with culture-verified tuberculosis, as
determined with a previously collected specimen. This specimen was
taken during the third month of the antituberculous treatment.

MOTA: Metric other than acceleration; Positive: MOTA >3,400; 
Borderline: 1,000 <MOTA <3,400; Negative: MOTA <3,400.
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Table 4. Detection of M. tuberculosis complex in various sources of 66 for-
malin-fixed, paraffin-embedded tissue specimens by strand displacement
amplification compared to tuberculosis notifications.

Notified
Type of specimens     with TB SDA positive
n=66 n=35 n=24 (68.5%)

Lymph node (32)  . . . . . . . . . . . . . . . . . . . . . 17 12 (70.5%)
Lung (10)  . . . . . . . . . . . . . . . . . . . . . . . . . . . 3                        2 (66.7%)
Gastrointestinal tissues (5)  . . . . . . . . . . . . . 5 3 (60%)
Liver (5)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 (100%)
Peritoneum (5)  . . . . . . . . . . . . . . . . . . . . . . 5 2 (40%)
Subcutaneous tissues (3) . . . . . . . . . . . . . . . 0                        0
Bone (2)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0                        0
Genital (2)  . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 (100%)
Kidney (1)  . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 (100%)
Spleen (1) . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 (100%)

No. of positive
specimens 
by the

No. of NAA method/
Amplification specimens/ by the gold Sensitivity Specificity

Study (reference) method/target patients standard (%) (%)

Prospective

Salian et al. (151) In-house PCR/IS6110 60/60 14/19 73.6 100

Johansen et al. (III) SDA/IS6110 47/47 18/20 90 100

Retrospective

Johansen et al. (III) SDA/IS6110 19/17 6/15 40 100

Perosio and Frank (124) Nested PCR/65-kDa 25/25 16/25 64 100

Berk et al. (23) In-house PCR/IS6110 25/25 18/19 94.7 83.3

Diaz et al. (46) In-house PCR/IS6110 43/43 9/17 58 96

Hardman et al. (63) In-house PCR/16S rRNA 42/42 11/11 100  NA

Li et al. (89) In-house PCR/IS6110 131/115 38/53 72 73

Ruiz-Manzano et al. AMTD and LCR 74/74 30/57 AMTD 52.6 100
(148) 36/57 LCR 63.2 100

Selva et al. (156) In-house PCR/IS6110 49/49 45/49 92 100

Table 5. The performance of different
nucleic amplification methods for de-
tection of M. tuberculosis complex 
in prospectively and retrospectively
collected formalin-fixed, paraffin-
embedded tissues.
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Table 6. Clinical specimens tested by the DNA array and the conventional
methods.

Results by 
Microscopic 16S rDNA analysis

Specimens quantitation Results by the and selected 
n=14 (1+ to 4+) DNA array biochemical tests

3 2+(n=1) M. tuberculosis M. tuberculosis
3+(n=2) complex complex

3 1+(n=1) M. avium M. avium
2+(n=1) 
3+(n=1)

3 1+(n=1) MAIS M. malmoense
2+(n=1) 
3+(n=1)

2 1+(n=1) M. intracellulare M. intracellulare
2+(n=1)

3 1+(n=1) M. species 1 M. marinum,
2+(n=1) 1 M. genavense,
4+(n=1) 1 M. szulgai

MAIS probe for M. avium complex and M. malmoense.
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any any
Notification resistance MDR resistance MDR

Country rate/100,000 (%) (%) (%)                   (%)

Albania . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.2 11.0 1.0 67.0 40.0
Armenia  . . . . . . . . . . . . . . . . . . . . . . . . . . 37.0 30.2 5.5 71.6 37.3
Austria  . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.3 5.4 0.3 14.6                      2.4
Belgium  . . . . . . . . . . . . . . . . . . . . . . . . . . 12.9 7.5 2.3 8.2 1.4
Bosnia & Herzegovina . . . . . . . . . . . . . . . 62.7 1.2 0.2 3.2 1.3
Bulgaria  . . . . . . . . . . . . . . . . . . . . . . . . . . 49.1 47.1 29.5 69.9 30.1
Croatia  . . . . . . . . . . . . . . . . . . . . . . . . . . . 32.3 2.5 0.3 7.6 3.2
Czech Republic  . . . . . . . . . . . . . . . . . . . . 13.2 4.1 1.2 6.7 6.7
Denmark  . . . . . . . . . . . . . . . . . . . . . . . . . 9.6 12.6 0.0 16.7                      0.0
Estonia  . . . . . . . . . . . . . . . . . . . . . . . . . . . 59.0 33.3 14.1 65.8 51.2
Finland  . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.5 6.6 0.9 11.4                      3.8
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.6 6.3 0.9 12.7                      3.9
Georgia  . . . . . . . . . . . . . . . . . . . . . . . . . . 112.2 71.9 7.4 92.3 51.2
Germany  . . . . . . . . . . . . . . . . . . . . . . . . . 9.2 8.3 1.8 17.6                      7.4
Greece  . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.8 NA NA NA                      NA
Hungary  . . . . . . . . . . . . . . . . . . . . . . . . . . 31.8 12.0 1.9 25.5                      6.4
Israel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.1 23.5 5.8 56.4 21.7
Italy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.8 14.4 0.9 45.4 30.3
Latvia  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86.5 31.5 10.9 32.1 27.3
Lithuania  . . . . . . . . . . . . . . . . . . . . . . . . . 81 24.4 7.7 56.4 39.8
Macedonia  . . . . . . . . . . . . . . . . . . . . . . . . 34.1 9.2 0.8 60.0 40.0
Moldova . . . . . . . . . . . . . . . . . . . . . . . . . . 89.2 36.2 13.1 51.1 24.0
The Netherlands  . . . . . . . . . . . . . . . . . . . 9.0 7.0 0.4 0.0                      0.0
Norway . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.4 17.0 1.1 18.8                      9.4
Poland  . . . . . . . . . . . . . . . . . . . . . . . . . . . 27.7 6.2 1.2 16.6                      8.5
Portugal  . . . . . . . . . . . . . . . . . . . . . . . . . . 43.8 12.5 1.7 20.0                      8.5
Romania . . . . . . . . . . . . . . . . . . . . . . . . . . 136 13.3 4.5 27.1 13.7
Russian Federation  . . . . . . . . . . . . . . . . . 95.7 NA NA NA                      NA
Serbia & Montenegro  . . . . . . . . . . . . . . . 27.4 2 0.6 1.1 0.0
Slovakia  . . . . . . . . . . . . . . . . . . . . . . . . . . 19.9 2.6 0.2 9.0 4.5
Slovenia  . . . . . . . . . . . . . . . . . . . . . . . . . . 18.7 5.4 1.1 11.5                      0.0
Spain  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.7 5.4 0.8 22.8 12.4
Sweden  . . . . . . . . . . . . . . . . . . . . . . . . . . 4.8 10.3 0.6 23.8                      9.5
Turkey  . . . . . . . . . . . . . . . . . . . . . . . . . . . 27.9 NA NA NA                      NA
Ukraine  . . . . . . . . . . . . . . . . . . . . . . . . . . 74.9 18.6 7.5 43.9 28.0
United Kingdom  . . . . . . . . . . . . . . . . . . . 11.8 10.2 1.8 11.0                      3.2

NA: Not available.

Table 8. Tuberculosis and drug resist-
ance in selected European countries 
in 2001.

MIC MIC
(µµg/ml) for                            (µµg/ml) for
susceptible Percent resistant 

Antimicrobial agent strains Gene resistance strains References

Rifampin 0.5 rpoB >93 ≥ 2                     VI, 173, 206

Rifabutin 0.06-8 rpoB * 4-64 67, 214

Isoniazid 0.05-0.2 KatG, inhA 90 >0.2 104, 141, 
ahpC, kasA 172, 217

Ethionamide 0.6-2.5 InhA, ethA ND >2.5 13, 110

Ethambutol 1-5 EmbB 50-65 >10 6, 166

Pyrazinamide 16-100 pncA 72-97 >100 155, 165

Ofloxacin & ciprofloxacin ≤0.5-2.0 gyrA >94 >4 VII, 171

Amikacin 0.5-1 rrs 76 >2 5, 125

Kanamycin 1-4 rrs 67.4-76 5, 168

Capreomycin 1-50 rrs ND >5 125

*) About 30% of rifampin resistant isolates are rifabutin sensitive; 
ND: Not determined.

Table 7. Genes with mutation, attri-
buted percentage of resistance and
the associated minimal inhibitory con-
centration values in M. tuberculosis
complex.
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Table 9. Comparison of results obtained by the DNA array and DNA se-
quencing on 36 MDR-M. tuberculosis isolates.

DNA array Mutations identified by No. of
patterna DNA sequencing                     isolatesb

R5 (Ser531Leu)  . . . . . . . . . . . . . . TCG → TTG (Ser531Leu) 11/11
R2 (Asp516Val)  . . . . . . . . . . . . . . GAC → GTC (Asp516Val) 1/4
R4a (His526Tyr)  . . . . . . . . . . . . . . CAC → TAC (His526Tyr) 2/0
R4b (His526Asp)  . . . . . . . . . . . . . CAC → GAC (His526Asp) 1/0
∆S1 . . . . . . . . . . . . . . . . . . . . . . . . CAA → CCA (Gln513Pro) 1/0
∆S2 . . . . . . . . . . . . . . . . . . . . . . . . ATG → GAC (Met515Leu) 1/0

ATC → TAC (Asp516Tyr)
∆S4 . . . . . . . . . . . . . . . . . . . . . . . . CAC → CCC (His526Pro) 1/0

CAC → CTC (His526Leu) 0/1
∆S5 . . . . . . . . . . . . . . . . . . . . . . . . not interpretable 0/1
Wild type . . . . . . . . . . . . . . . . . . . no mutation                                0/1

a) The DNA array provided the exact type of mutation in 85% of isolates.
b) Values are numbers of isolates from Denmark/numbers of isolates from

Lithuania.
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