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

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

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

�� �� � � � � � �� �� � � � � ����

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�� � � � �� � � �� � �

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� � � �� � �� �

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

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

� �� � � � ��

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://crossmark.crossref.org/dialog/?doi=10.1128/spectrum.03660-23&domain=pdf&date_stamp=2024-12-09
https://doi.org/10.1128/spectrum.03660-23
https://creativecommons.org/licenses/by/4.0/


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

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

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

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

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

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

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

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

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

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

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

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

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

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

� � � �� � �� ��� � ��� � � ��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� �� � � �� �����

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�� � ��� � � ��

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

�

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

� � � ��� � �� � �

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

�

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

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

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

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

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

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

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

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

� ��� ���� ��� �� � � ��

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

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

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

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

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

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

�� �� � � � � �� � � �
�

� � �� � � � � � � � � � �� � �

�� ��� � � � � � � � � � � � � �

�� �� � � �� � � � �

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

� �� ��

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

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

� ��� � �� � ��

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

� �� � � �� �� ��

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

http://www.gnu.org/software/glpk/
https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� �� � � �� � � � �� � �

��� � � � � � ��� � � � � � �� � �

� � �� � � �� � � �� � �

� �� �� � �� � �� � � � �� � �

� ��� � � ��� �� �� � � �� � �

� �� �� � � � � � �� � �

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

�� � � � � � � �� � �

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

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

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

� � � � � � � � � � �� � �

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

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

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

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

� � �� � � � �� � � �� � � �� � �

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

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

�� � � � � ��� � � � �� � �

�� � �� � � �� � �

� �� �� � � � � � �� � �

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� � � � � ��� � ��� � �

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� �� ��� ���� ��� �� � � ��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


�
�
��

�
�
��

��
��

��
��
�
��

�
�
��
�
�

�
�

��
���

��
��

��
��

��
��

��
��

�
��

�
��

�
��

��
�
��

��
��

��
��

��
��

�
��

��
�
�
��

��
��

�
��

�
��

�
�
��

��
��

��
�
�
�
��

��
��

��
��
��

��
��

�
��
��

��
��

�
��
��

��
��

��
��

�

��
��

��
�

�
��
�
�

�
�

��
��

�
�
��

��
�
��

�
�

�
�

�
�
��

��
�
��

�
�
�
��

�
�
�

�
�
��

�
�
��

��
��

�
�
�

�
�
��

�
�
��

��
�
�

�
�
��

�
�
��

��
�

�
�
��

�
�
��

��
��

�
�
�
��

�
�
��

��
��

�
�
�

��
��

�
�
�
��
��

�
��

�
��

��
��

�
�
��

�
�
��

���
��

��
��
�
�
��

���
��

��
�
�
��

�
�
��

���
��

��
�
�
��
�
�
��

���
��

��
�
�
��

�
�
��

���
��

��
�
�
��

��
�
��

���
��

��
�
�
��

��
��

���
��

��
�
�
��

��
��

���
��

��
�
�
��

��
�
��

��
��

��
��

�
�
��

��
��

���
��

��
�
��

��
��

���
��

�
��

�
��

��
�
�
��

���
��

�
��

�
��

��
��

���
��

�
��

�
��

�
�
��

���
�
��

��
�

��
��

��
��

��
�
��

�
��

�
�
��

���
��

�
��

�
��

��
���

��
�
��

�
��

��
��

��
��

��
�
��

��
�
��

���
��

�
��

�
��

��
�
��

���
��

��
�
�
��

�
��

��
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
�
��

�
�

�
�
�
��

���
��

�
�
��

���
��
�
�
�
��

�
��

���
�
��

��
��

��
�
��

���
��

��
��

��
��

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
�
��

�
�
�
��

��
��

��
��

��
��

��
��

�
��

��
�
��

��
�

��
�
��

���
��

��
��

���
�
�
��

�
�
�
�
��

���
��

�
�
��

��
��

�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
��

��
��

��
��

��
�
��

�
�
��

�
��

��
�
��

��
��

��

��
��

��
��

�
�

�
�
���

�
�
�
��

�
�
��

��
��
�
�
��

�
�
�
�
��

���
��

��
���

��
��

�
�
��

���
�
�
��

�
��

��
���

��
��

�
��

���
��

��
�
��

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
�
�
��

��
��

��
��

��
��

��
�
��

��
��

��
��

���
��

�
��

�
���

��
��

��
���

��
��

���
�
��

�
�
��

���
��

�
��

�
��

�
���

��
��

�
��

��
��

�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
�

��
��

��
��

��
�
��

��
��

�
��

��
��

��
�

�
��

��
��

�
���

��
��

��
���

�
��

��
��

���
��

�
�
��

���
��

��
�
��

��
��

�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
�

��
��

��
��

��
�
��

��
��

�
��

��
��

��
�

�
�
��

��
��

��
��

��
��

�
��

���
�
�
��

��
��

���
��

�
�
��

���
��

��
�
�
��

��
�

�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
��

��
��

��
�
�

���
�
��

��
��

�
�
��
�
��

��
�
��

��
��

���
��

�
��

�
���

��
��

���
��

�
��

��
���

�
�
��

�
�
��

���
��

��
�

���
��

�
��

�
��

�
��

�
��

�
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
�

��
�
�
�
��

��
��

�
��

��
��

��
�
��

�
�
��

���
�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

�
�
�

��
��

�
��

��
�
��

�
��

��
���

�
�
�

�
�
��

�
�
�
�
�
�
�

�
�
��

�
�
�
�
�
�

�
�
��

�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
��

��
��

�
��

�
��

�
�
��

���
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
�
��

�
�
�
�
�
�
�
�

�
�
��

�
�
�
�
�
�
�
�

��
�
��

��
��

�
��

�
��

��
���

�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
�
��

�
��

��
�
��

�
��

�
�
��

�
��

���
�
�

�
�
�
��

�
�
�
�
�
�
�

�
�
�
��

�
�
�
�
�

�
�
�
��

�
�
�
�
�

�
�
�
��

�
�
�
�
�
�

�
�
�
��

�
�
�
�
�
�
�

��
��

��
��

��
��

��
�
��

�
�
��

�
��

��
�
��

��
��

��

��
��

��

�
�
��

���
��

��
��

���
��

��
��

��
�
��

�
�
�
�
��

���
��

��
���

��
��

�
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
�
��

�
�
�
��

��
��

��
��

��
��

��
��

�
��

���
��

��
��

���
�
�
��

�
�
�
�
��

���
��

�
�
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�
�

��
��

��
��

��
��

��
��
�
��

�
�
�
��
��

�
��

�
��

��
���

��
�
�
��

���
��

��
�

���
�
��

��
��

���
��

��
�
��

��
���

��
�
�
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
��

��
�

��
��

�
��

�
��

��
��

�
�

�
��

��
��

�
��

��
�
��

���
��

��
��

���
��

��
��

��
��

���
�
��

�
�
��

���
��

��
��

���
��

��
��

��
�

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
�

�
��

�
��

�
��

�
�
��

�
��

�
�
��

�
�
��

��
��

��

�
�

�
��

��
��

��
��

���
��

��
�
��

���
��

�
��

���
�
��

��
��

���
��

�
��

�
��

���
��

��
��

��
�
��

�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
��

��
��

�
��

�
��

��
�
��

�
��

�
���

���
�
�

�
��

��
���

�
��

��
��

�
���

��
��

��
���

��
�
��

�
��

���
�
��

��
��

��
��

���
��

��
��

���
��

�
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
��

��
��

��
�
��

��
��

�
��

��
��

��
�
��

�
��

�
�
��

��

�
�

�
��

��
���

�
��

���
��

�
��

��
���

�
��
�
�

��
���

��
�
��

�
��

��
��

�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
��

��
�
��

��
�

�
�
��

���
��

�
�
��

��
�

��
���

�
�
��
�
��

��
���

��
�
��

��
��

�
��

�
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�
�

��
��

�
�
��

�
��

�
�

�
�
��
��

�
��

��
��

��
��

�
��

���
��

��
�
��

�
��

���
�
��

��
��

�
�
��

���
��

��
��

���
��

��
�
��

��
�
��

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
�
��

��
��

��
���

�
��

�
�
��

���
��

��
�
�
��

�
��

���
��

��
��

���
��

��
�
��

���
�
��

�
��

���
��

��
�
�
�
��

���
��

��
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
��

��
�

��
�
�
��

��
�
�

�
��

��
���

�
��

��
��

��
��

�
�
��

�
�

�

��
�
�
�
��

���
��

��
��

��
��

�
��

��
�
��

���
��

��
��

�
��

���
��

��
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
��

��
�

��
�
�
��

��
�
�

�
��

��
��

��
���

��
��

��
��

�
��

�
�

�

��
�
�
�
��

���
��

��
��

��
��

��
��

��
���

�
��

��
�
��

���
��

��
��

�
��

���
��

��
��

��
��

�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
�
��

��
��

��
���

��
�
�
��

�
��

���
��

��
��

���
��

��
��

�
��

���
��

��
�
��

��
�
���

�
��

��
��

��
��

��
��
�
��

�
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
��

��
��

��
��

��
�
��

��
�
��

��
�

�
�
��

���
��

��
��

��
���

��
��
�
���

�
��

��
��

���
��

�
�
��

���
��

��
��

��
��

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
��
�
�
��

��
�
��

��
��
�
�
�
��

�

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


�
�
��

�
�
��

��
��

��
��
�
��

�
�
��
�
�

�
�

��
���

��
��

��
��

��
��

��
��

�
��

�
��

�
��

��
�
��

��
��

��
��

��
��

�
��

��
�
�
��

��
��

�
��

�
��

�
�
��

��
��

��
�
�
�
��

��
��

��
��
��

��
��

�
��
��

��
��

�
��
��

��
��

��
��

�
���

�
��
�
�
��

�
�

��
��

��
�

�
��
�
�

�
�

��
��

�
�
��

��
�
��

�
�

�
�

�
�
��

��
�
��

�
�
�
��

�
�
�

�
�
��

�
�
��

��
��

�
�
�

�
�
��

�
�
��

��
�
�

�
�
��

�
�
��

��
�

�
�
��

�
�
��

��
��

�
�
�
��

�
�
��

��
��

�
�
�

��
��

��
�
��

��
��

�
��

��
��

��
��

��
��

��
��

��
��

���
�
�
��

��
���

��
��

�
��

���
��

��
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
��

��
�
��

��
��

�
��

��
��

��
�

�
�
�
���

�

�
��

��
�
��

��
�

��
���

��
��

�
�
��

���
��

��
��

���
�
��

��
��

��
�
���

��
��

�
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
��

��
��

��
��

��
�
��

��
��

��
��
�
��

�
�
�
��
��

�
��

�
���

��
��

��
���

��
��

��
���

�
�
��

��
�
��

�
���

��
�
�
��

���
��

��
�
��

��
��

�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
��

�
�
��

��
��

��
��

��
��
��

�
��

�
��

�
��

�
��

���
��

��
�
���

�
�
��

��
��

��
��

��
�
��

��
�
�
��

�
�
�
�
�
�
�
�

�
�
��

�
�
�
�
�
�

�
�
��

�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�
�

�

��
��

��
��

��
��

��
�
��

�
�
��

�
��

��
��

��
��

�
��

�
�
�
��

���
��

��
�
���

�
�
��

��
��

��
��

�
��

��
��

�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�
�

��
��

��
�
��

��
��

��
��

��
��

�
��

��
���

�
��

��
�
��

��
�

��
��

��
�
���

��
��

��
���

�
��

��
��

��
��

��
��

��
��

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

��
��

�
�
��

��
��

��
��
��

��
�
��

��
��

��
��

��
��

��

�
��

��
��

���
�

��
�
��

�
�
�
��
��

�

��
��

��
��

��
��

���
�
�
��

��
��

���
��

��
��

��
��

�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�

�
�

��
��

�
�
��

��
��

��
��
��

��
�
��

��
��

��
��

��
��

��

�
��

���
��
���

�
��
�
��

�
�
�
��
��

�

��
��

��
���

��
��

���
�
�
��

��
��

���
���

��
��

��
�

�
�

��
�
�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

�
�
��

�
��

��
��

��
��

�
��

���
��
�
��

�
�
�
��
��

�
��

���
��

��
��

��
�
�
��

��
���

��
��
�

��
�
��

�
�
�
�
�
�
�
�

�
��

�
�
�
�
�
�

�
��

�
�
�
�
�
�
�

�
��

�
�
�
�
�
�
�
�

��
�
�
�
�
�
�
�
�
�

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

� � � � ���� � � � � ��� �� ��

� �� ��� ��� �� � � � �� � � �� �

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

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

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

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

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

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

� � �� � �� � � � �� � �� � � � � ��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� � � � �� ��� � � �� � ��� � � � ��

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� � � � � � � � � � � � � � �

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

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

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

� � � � � �� � � �� �� � �� � � �

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

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

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

� � �

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23


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

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

� � � � � �� � � �� � �

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

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

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

� � � �� � �

� � � � �� �� � ��� �� � �� � ��� ��

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

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

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

� � � � � �� � � � � �� � � �� � � �

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

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

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

� � �� �� � � � �� �� � � �

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

� � � �� � � � �� ��� � �� ��� ��

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

� ��

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

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

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

� � � ��� � � ��

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

�� � ��

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

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

� � � � � � � � � �

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1128/spectrum.03660-23
https://doi.org/10.1007/s13199-020-00711-x
https://doi.org/10.1080/09670262.2011.629788
https://doi.org/10.1017/S0025315400003751
https://doi.org/10.3390/plants1020039
https://doi.org/10.1007/BF00937430
https://doi.org/10.3390/d15020168
https://doi.org/10.1007/s11756-022-01223-3
https://doi.org/10.1007/s00709-021-01620-6
https://doi.org/10.3390/microorganisms9091816
https://doi.org/10.1080/09670262.2023.2165711
https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

� �� �� �� �� �� � � � � �� � � �

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1111/j.1469-8137.1968.tb05476.x
https://doi.org/10.1186/1471-2164-15-34
https://doi.org/10.1039/b922014c
https://doi.org/10.1016/j.cattod.2005.10.010
https://doi.org/10.1128/AEM.02304-06
https://doi.org/10.1111/jpy.13218
https://doi.org/10.1007/s00248-018-1170-8
https://doi.org/10.1016/j.ijbiomac.2019.05.117
https://doi.org/10.1002/1097-0290(2000)71:43.0.CO;2-R
https://doi.org/10.1002/bit.10803
https://doi.org/10.1002/biot.201200234
https://doi.org/10.1186/1471-2105-13-6
https://doi.org/10.1093/nar/gkz1054
https://doi.org/10.3934/bioeng.2015.4.335
https://doi.org/10.1101/gr.2872004
https://doi.org/10.1093/nar/gkn176
https://doi.org/10.1093/nar/gkx935
https://doi.org/10.1021/bp050246d
https://doi.org/10.1186/1752-0509-3-4
https://doi.org/10.1038/msb.2011.52
https://doi.org/10.1186/s12864-016-2887-8
https://doi.org/10.1186/s12859-019-3325-0
https://doi.org/10.1038/srep39647
https://doi.org/10.1016/j.algal.2020.101967
https://doi.org/10.1128/spectrum.03660-23


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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

��
��

��
��

��
��

��
��

��
��

��
��
��

��
��

��
��

�
��

��
��
��

��
��

��
��

��
��

�
��

��
��

��
��

��
�

��
��
��

��
��

��
��

��
��

��
��

��
��

��
�

https://doi.org/10.1093/oxfordjournals.molbev.a025894
https://pubs.acs.org/sharingguidelines
https://doi.org/10.1017/s003358350000425x
https://doi.org/10.1073/pnas.1120949109
https://doi.org/10.1038/s42003-020-01192-w
https://doi.org/10.1038/s41596-018-0098-2
https://doi.org/10.1038/nprot.2009.203
https://doi.org/10.1016/j.jtbi.2009.01.027
https://doi.org/10.1016/j.ymben.2003.09.002
https://doi.org/10.1007/BF00446531
https://doi.org/10.1104/pp.16.00761
https://doi.org/10.1016/j.copbio.2012.08.008
https://doi.org/10.1093/jxb/err035
https://doi.org/10.1104/pp.16.00593
https://doi.org/10.1128/spectrum.03660-23

	Analyzing sorbitol biosynthesis using a metabolic network flux model of a lichenized strain of the green microalga Diplosphaera chodatii
	MATERIALS AND METHODS
	Development of the core metabolic model of Diplosphaera chodatii

	RESULTS AND DISCUSSION
	Properties of the metabolic model of D. chodatii
	In silico analyses of metabolic capabilities of D. chodatii
	Perspectives and future works



