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B?C?D?"EFG�� FH?I "�JEKHL "�MIHNEOGHFP/�QPHN/�MRO HIE

STE� OFHL"E�GUDD OHVEG�FTE�"HFEO FUOE�?I�FTE�UGE�?W��� LEFP"LPGFEHIE� IK�HFG�L?DXHI FH?I�YHFT����� !"�G?"UFH?I�#Z[M�:!\[�XO?ILT?*�HI�L"HIHL "�
]O LFHLE,�=FUKHEG�GT?Y�FT F��� LEFP"LPGFEHIE�HG�LUOOEIF"P�EWWELFHNE�HI�FTE�FOE FDEIF�?W�OEG]HO F?OP�KHGE GEG�KUE�F?�HFG�DU"FHL?D]?IEIF�EWWELFG�
?I�FTE�OEG]HO F?OP�GPGFED� IK�FTE�HDDUIE�GPGFED,�^P]EOF?IHL�#��*�� !"�G?"UFH?I�]?FEIFH FEG�FTE� LFH?I�?W��� LEFP"LPGFEHIE�XP�HIT " FH?I� IK�
 ""?YG�F?� LTHENE�C??K�OEGU"FG�HI�FTE�FOE FDEIF�?W� LUFE� IK�LTO?IHL�OEG]HO F?OP�KHGE GEG�HI�FTE�?]FHD "�FHDE,
_IE�?W�FTE�YE""�RI?YI�HI�MRO HIE�]O?KULFG�W?O�W GF� IK�EWWELFHNE�EN LU FH?I�?W�NHGL?UG�G]UFUD�HG�Z[M�:!`[�XO?ILT?/�GFEOH"E�G?"UFH?I�W?O�IEXU"HVEO�
 IK�HIGFH"" FH?I,�_IE�8�D"� D]?U"E�L?IF HIG��99�DC�?W��:!/�YTHLT�T G� �DUL?"PFHL�EWWELF�HI�KHOELF�L?IF LF�YHFT�DULUG/� IK�;89�DC�?W�TP]EOF?IHL�
� !"�G?"UFH?I/�YTHLT�KO YG�Y FEO�WO?D�FTE�HIFO LE""U" O�G] LE�HIF?�FTE�EaFO LE""U" O�G] LE�XP�?GD?GHG� IK�HILOE GEG�FTE�]O?]?OFH?I�?W�Y FEO�HI�
FTE�XO?ILTH "�GELOEFH?I/�KH"UFEG�HF� IK�FTUG�W LH"HF FEG�HFG�OED?N ",�STE�L?DXHI FH?I�?W��:!�YHFT�TP]EOF?IHL�� !"�G?"UFH?I�LOE FEG�GPIEOCP� IK�
 ""?YG�F?�?XF HI�?]FHD "�FOE FDEIF�OEGU"FG�YHFT�DHIHD "�GHKE�EWWELFG,�STHG�L?DXHI FH?I�T G�DUL?"PFHL/� IFH�WH"D/� IFHNHO "/� IFH?aHK IF/� IFH�HIW" D�
D F?OP� IK�HDDUI?D?KU" F?OP�EWWELFG/�D RHIC�HF�]O?DHGHIC�HI� �] IKEDHL�=:>=�!?@�A,
�?�L?IW"HLF�?W�HIFEOEGFG�Y G�KEL" OEK�XP�FTE� UFT?OG,
<63;()45.��� LEFP"LPGFEHIE/�FOE FDEIF/�HIT " FH?I,

�
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*$�"��*� ,$��#� ��� 4$*"!8� ���� #$�"� &$9$� :���$

�+!���'� !� *�"�";�"&� ,4�*���"� ��� !�4����$� �*

�+��<�$��"	� =� ��!"�<� >"�<?�8� $�����"%� ;��$%�
:��"*�!���"��<� *�"�"����"!� "� ��+*$!�"!� #$� �"@��
�,$�+*�� :4$���@	� A�� $>+%$!���$� '*� !��$*$B�
�C�*��!�"��B8� ��*� "� ?�4$*�%� �,�*�4$%� #"��
�%+�<��%$#��<�"��B�����8�D$�#�@�:%$9+�:���$

�$!+!����&$9$�,4��4":��E�,��$�$9";��E������E	

F�4�#+�"%� !�G��!�� :��;���'� %�@� ,$�+G���
%+*$�"��;���#"'��"@���,$�+*�	��"'��������!H':

*"� ��*4���� $>+%$!����� ,4'%�%� %+*$�"��;��%�
�C�*�$%8�'*�&�,$�'9�@�!�:#���$��"�����4$:4�!�

���:!H':$*�%"G�#!$%����$%�%���"4*���#��+�<C"#

�"� :!H':*��� +� %+*$,$�"��E�4�#�E� %$*4$����'8�
D$� ,4�:!$#��<� #$� ,$4+?���'� &$9$� ��4+*�+4��

��� :��G���'� !H':*$��"� J�8
K	� ���� 4$:4"#G+@�
%$*4$����'8� ,$��9?+@� &$9$� !�#"����'8� �,4�'@�
!"#E�4*+!���B� "� :%��?+@� !�4�G��"��<� :�,��<

��E�'!�D	�L$%+�,$*�:���'%��#�'�:���$�+!���'�
���� '*� %+*$�"��;�$9$� :��$>+� @� :�E!$4B!���'�
#�E��<��E�?�'E"!8�D$��+,4$!$#G+B�<�'�,$4+

?���'%��!�*+��"����*4��+	

O�� �<$9$#�"� ��*$,�;��$� :��;�+� #$*�:$!+�
>�:+8�D$�,"#�!�4#G+@��C�*��!�"��<�"�>�:,�;�"��<�
:���$�+!���'�����'*�%+*$�"��;�$9$�:��$>+8�:$

*4�%��!�#"��&	�L�*8�$�"�*+��C�*��!�$��"����>�:

,�;�$��"�:���$�+!���'�����+��"*+!���"�9$��4�E�
"�C�*�"&� !�4E�"E� ��� ��G�"E� #�E��<��E� ?�'E"!�
+� #"��&� >�:� E4$�";��E� >4$�E$��9���!�E� :�E!$

4B!��<� ��!�#��$� !� �$*4��"!�<*$%+� �����%�

��;�$%+�$9�'#"� �$�����@�$�$!����'�+�
����4	�	�
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F$*�:��$8�D$�����%�@�!��$*�&�,4$C"�<�>�:,�;

�$��"�!�#"��&�!"*$%�!"#�
�4$*"!�J�K�"�@��C�*��!��%�
%+*$�"��*$%� ��!"�<� ,4�� ��!"#*��#��E� �����E��
:"�:��;��%��,$4+?���'%��!�����'�"��J�K	

F4$��� "���4��� ��%�� #$� �<$9$� %+*$�"��;

�$9$� :��$>+� $>+%$!����&� ��*$G� ��'!�"��B� !�
���� ��:*�� #$#��*$!�E� ��4�,�!��;��E� �C�*

�"!8�D$�,$���B@�&$9$��C�*��!�"��<�+��"*+!���"�
>4$�E$��9���!�E� :�E!$4B!��<	� R$*4�%�8� ,"#

�!�4#G��$�����$*��#����"�"�,4$��:�,��<�"�!��

���!$��"� ���� J�K	� T���$*��#�����&� ,$����"���
���� �*��#�@�<�'� :� #!$E� *$%,$����"!	� F$
,�4

?�8�,$*�:��$8�D$�,4�,�4���!$�$#"@�,4'%�%���

��$*��#�����%� �C�*�$%8� $�*"�<*�� !��+,�@� !�
E"%";�+� 4��*�"B� "� ��&�4��":+@� !"�<�"� 4�#�*���	�
�$!�#��$�:#���"��<�����!"#�$!�B!����*�B;$!"��
*�"����"� %$��*+��8� ,$?*$#G��"� $*������'%�
J�8�K	� F$
#4+9�8� !����$!���$8� D$� ���� %�@� ,$

�+G��&� ����$*��#�����&� �C�*�8� ,$!H':���&��
:� !�!"�<����'%� +� ,4$���"� %���>$�":%+� �%"�$

*���$��� V
�������8� D$� ��#��"� ,�4��!$4B@�<�'�
���9�+���"$�8�W���&!�G��!"?�&�!�+�4"?�<$*�"

�����&�����$*��#���	�T*��!�"��<�����:�9��$%�
,4�4"!�BB�<�#$��*��!�$��"�9�+���"$�+�JXK	

Y�4�G���&� ����$*��#�����&� �C�*�� :>"�<

?+@�:��;���'�����+��"*+!���"�:�,��<��E�:�E!$

4B!��<�#�E��<��E�?�'E"!8�$�*"�<*��$*��#���!

��&� ��4��8� :+%$!����&� ��#%"4��%� +�!$4���'%�
!"�<��E�4�#�*��"!�,4��:�,�����"8�4$:9�'#�@�<�'�
'*� ��&!�G��!"?�&� ,��$9�����;��&� %�E��":%�
+?*$#G���'�4��,"4��$4�$�������%��J�8��K	

O�� $*4�%+� +!�9+� :���+9$!+@� ��'!�"��<��
+� ���� :#���$��"� ,�4�?*$#G���� +�!$4���B� ���
4+&�+!����>�*��4"��<�"�>"$,�"!*�8�D$����@�$�$

>��!$� �*�+��<��%� !� �,$E+� ����>"$��*$4�:�

������$��"�J�Z��K	

R4$���@�*"�<*"��<�#$*�:"!8�'*"�,"#�!�4#G+B�<�
,4$��%"*4$>�+� ��� ����>"$,�"!*$!+� �*��!�"��<�
���� D$#$� >�9��<$E� 4��,"4��$4��E� ,��$9��"!8�
+� �$%+� ;���"� :>+#��*"!� ��*�E� 4$#"!� "� $*4�%�E�
!�#"!�� Escherichia8� Pseudomonas8� Staphylococcus8�
Acinetobacter8��������	
��
	�������8�Streptococcus 
pneumoniae8� Moraxella catarrhalis� "� Klebsiella�
J�8��8��K	� �$!�#��$8� D$� ���� ,4�9�";+@� +�!$

4���'�>"$,�"!$*�>�*��4"'%�� "� 94�>�%�8�����*$G�
#$:$:���G�$�4+&�+@�:4"�"�>"$,�"!*�	������"#$*�
4+&�+!���'� %��4�*�+� >"$,�"!*�� ���� �,4�'@�
,4$��*����B� ����>�*��4"��<��E� ,4�,�4��"!�
+� 9��>$*"� ?�4�� >"$,�"!$*� ��� �+��@!$� ,"#!�D+@�
�C�*��!�"��<� �"*+!���'� >�*��4"��<��E� "�C�*

�"&�J�
K	���4'#"�*�"�";��E�#$��"#G��<�,$*�:��$8�
D$� !� 4�:"� :���$�+!���'� ���� +� *$%,��*�"� :� ��

��>�*��4"��<��%�� ,4�,�4���%�� ,"#!�D+@�<�'�

�C�*��!�"��<� ��4�,"�� ,4�� "�C�*�"'E� #�E��<��E�
?�'E"!�"�[\]
$49��"!�J��8��K	

^*� !�'!��$�'8� �C�*��!�"��<� :���$�+!��

�'� ���� ,4�� >4$�E$�*����;�"&� E!$4$>"� >�9��$��
!� ;$%+� $>+%$!����� !,��!$%� ,4�,�4��+� ��� >"$

,�"!*��J��K	�T�,4���+>�4*+�<$:"�#$#�!���'�����
#$� ��4�,"�� �,4�'@� :%��?���B� 4$:%"4"!� "�C"�<

�4��"!�J��K�"�:��G���B��%�4��$��"�!"#�+�"E�,4�

;���,4$�'9$%����#">�,"��'�9$�,"���":��"��J�XK	

R�!#'*��*$%,��*��$%+�!,��!$!"����$49��":%�
�<$9$#�"�����4$:9�'#�B�<�'*�,$����"&�+�#$#��

*$!+� ��4�,"B� ,4�� *$4$��!"4+��"&� E!$4$>"8� !4�

E$!+B;�� �,4�'���!�� �,"!!"#�$?���'� 4�:�*+�
��� *$4���"� ��� &$9$� !,��!� ��� �����:� 9�+���"$�+8�
,$�",?���'� "%+��$�� C+�*�"�� ��� %$#+�'�"B� :�

,��<�$��4��*�"��J��8��K	

Y� �*�,�4�%�����<��E� #$��"#G���'E� in vitro�
,$*�:��$8�D$���������"�<*��,"#!�D+@�����$*��

#����+�:#���"��<�$49��":%+8�D$�%�@�!�G��!��:��

;���'� #�'� >$4$�<>�� :� !"4+���%�� �9����%�8� �����
&�>�:,$��4�#�<$�,�4�?*$#G�@�4�,�"*��"��#�'*�E�
!"4+�"!8�����*$G�,4�9�";+@��*�,4��"B�,4$:�,��<

��E����$*"�"!�+�*�"����E8�"�C"*$!���E�!"4+��%�	�
F�4�#+�"%����,"#�!�4#G��$�D$#$�!"4+�"!�94�,+�
J
�8
�K8�4��,"4��$4�$
������"��<�$9$�!"4+�+�J�K8�
Y=[�J

K�"�_�`_
�bf

�J��8
�K	

g	g	�hbjl�����,"!�!�$4��J��K�:�,4$,$�$!��$�
#�*"�<*�� �"*+!��<��E� %�E��":%"!� ���� ,4�� "�

C�*�"��_�`_
�bf

��4��	�	

���� %$G�� !���+,���� !� '*$��"� ,$����"&�$9$�
��4�,�!��;�$9$� ,"#E$#+� #�'� >�$*+!���'� �*��

!��"���m
�q�"�+�+����'����#4$%+����$*"�$!$9$�
?�$4%+����4��,"4��$4�$9$�#���4��+�!�,��"@��"!8�
'*"� ��4�G#�B�<� ��� ,��!%$�"B� ,4�� "�C�*�"��
_�`_
�bf

� J
�8
�Z
XK	� �4"%� �$9$8� ���� %$G��
>+��� *$4����%� '*� �9���8� D$� ,4�9�";+@� �*��!

�"��<� ������:�� "8� '*� ����"#$*8� :��G+@� 4"!��<�
u
#�%�4+8�!"4$9"#�"��<��%C":�%��$:��E�+�*��#

���<�"���9���!$��*4$!$��;"�,4���'G*$%+�,�4�>"9+�
"�C�*�"��_�`_
�bf

�J
�8��K	

Y� $9�'#"� g	g	� hbjl� ��� �,"!�!�$4"!� J��K�
��!�#��$� #��"� ,4$� ����$*��#�����&� �C�*���
�
�������������+8� '*�&� ,$���>�B@� $*����&�
��4��� "�:�,��<�+�4��*�"B�,4���vfwu
��8�;�4�:�
,$������'� ��9���<��E� C+�*�"&� �$��
,$#">�$

9$� >"�*�� 4���,�$4�� �� "� %"�$E$�#4"��<�$9$� ,4$

��!"4+��$9$���9���<�$9$�>"�*�	

xC�*��!�"��<�����,4��"�C�*�"��_�`_
�bf

�
!G�� ,"#�!�4#G��$� !� $*4�%�E� *�"�";��E� !�,�#

*�E� J��8�
K� "� >+#�� ,$*�:��$� ��&>��G;�%� ;��$%�
":�,�!��%�4"!��%�#$*�:$!$��"8�$�*"�<*��!��<$%+�
��,4'%*+� ,4$!$#��<�'� ��:*�� *�"�";��E� #$��"
�
#G��<�J
�8��8��K	
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�4"%� �4�#��"&��E� ����4��<�$9$� "� ,�4����
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