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7KH�EDFWHULRPH�RI�EDW�IOLHV��1\FWHULELLGDH��IURP�WKH�0DODJDV\�UHJLRQ��D���
FRPPXQLW\�VKDSHG�E\�KRVW�HFRORJ\��EDFWHULDO�WUDQVPLVVLRQ�PRGH��DQG�KRVW���
YHFWRU�VSHFLILFLW\����

'DYLG� $� :LONLQVRQ
������ 2OLYLHU� 'XURQ��� &ROHWWH� &RUGRQLQ����� <DQQ� *RPDUG����� %H]D���

5DPDVLQGUD]DQD�����������3DWULFN�0DYLQJXL�����6WHYHQ�0�*RRGPDQ�����3DEOR�7RUWRVD������

��� &HQWUH� GH�5HFKHUFKH� HW� GH�9HLOOH� VXU� OHV�0DODGLHV�ePHUJHQWHV� GDQV� O¶2FpDQ� ,QGLHQ���

�&592,��� *,3� &<52,�� �� UXH� 0D[LPH� 5LYLqUH�� ������ 6WH� &ORWLOGH�� /D� 5pXQLRQ����

)UDQFH���
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��� /DERUDWRLUH� 0,9(*(&� �0DODGLHV� ,QIHFWLHXVHV� HW� 9HFWHXUV� �� (FRORJLH�� *pQpWLTXH�����

(YROXWLRQ� HW� &RQWU{OH��� &HQWUH� 1DWLRQDO� GH� OD� 5HFKHUFKH� 6FLHQWLILTXH� �805����������

8QLYHUVLWp�GH�0RQWSHOOLHU�� ,QVWLWXW�SRXU� OD�5HFKHUFKH�HW� OH�'pYHORSSHPHQW� �85���������
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9LOOHXUEDQQH��)UDQFH����

��� ,QVWLWXW�3DVWHXU�GH�0DGDJDVFDU��%3�������$QWDQDQDULYR������0DGDJDVFDU����

��� 7KH� )LHOG� 0XVHXP� RI� 1DWXUDO� +LVWRU\�� ����� 6RXWK� /DNH� 6KRUH� 'ULYH�� &KLFDJR�����

,OOLQRLV���������86$�����

��� $VVRFLDWLRQ�9DKDWUD��%3�������$QWDQDQDULYR������0DGDJDVFDU����


&RUUHVSRQGLQJ�DXWKRU����

AEM Accepted Manuscript Posted Online 8 January 2016
Appl. Environ. Microbiol. doi:10.1128/AEM.03505-15
Copyright © 2016, American Society for Microbiology. All Rights Reserved.



��
�

�� Abstract ���

7KH� 1\FWHULELLGDH� DUH� REOLJDWH� EORRG�VXFNLQJ� 'LSWHUD� �+LSSRERVFRLGHD�� SDUDVLWL]LQJ� EDWV�����

'HSHQGLQJ� RQ� VSHFLHV�� WKHVH� ZLQJOHVV� IOLHV� H[KLELW� HLWKHU� KLJK� VSHFLDOLVP� RU� JHQHUDOLVP����

WRZDUGV� WKHLU� KRVWV�� ZKLFK� PD\� LQ� WXUQ� KDYH� LPSRUWDQW� FRQVHTXHQFHV� LQ� WHUPV� RI� WKHLU����

DVVRFLDWHG�PLFURELDO� FRPPXQLW\� VWUXFWXUH��%DWV� KDYH� EHHQ� K\SRWKHVL]HG� WR� EH� UHVHUYRLUV� RI����

QXPHURXV� LQIHFWLRXV� DJHQWV�� VRPH� RI� ZKLFK� KDYH� UHFHQWO\� HPHUJHG� LQ� KXPDQ� SRSXODWLRQV�����

7KXV��EDW�IOLHV�PD\�EH�LPSRUWDQW�LQ�WKH�HSLGHPLRORJ\�DQG�WUDQVPLVVLRQ�RI�VRPH�RI�WKHVH�EDW����

ERUQH�LQIHFWLRXV�GLVHDVHV��DFWLQJ�HLWKHU�GLUHFWO\�DV�DUWKURSRG�YHFWRUV�RU�LQGLUHFWO\�E\�VKDSLQJ����

SDWKRJHQ� FRPPXQLWLHV� DPRQJ� EDWV� SRSXODWLRQV�� ,Q� DGGLWLRQ�� EDW� IOLHV� FRPPRQO\� KDYH����

DVVRFLDWLRQV�ZLWK� KHULWDEOH� EDFWHULDO� HQGRV\PELRQWV� WKDW� LQKDELW� LQVHFW� FHOOV� DQG� GHSHQG� RQ����

PDWHUQDO� WUDQVPLVVLRQ�� WKURXJK� HJJ� F\WRSODVP�� WR� HQVXUH� WKHLU� WUDQVPLVVLRQ�� 6RPH� RI� WKHVH����

KHULWDEOH�EDFWHULD� DUH� OLNHO\�REOLJDWH�PXWXDOLVWV� UHTXLUHG� WR� VXSSRUW� EDW� IO\�GHYHORSPHQW�EXW����

RWKHUV�DUH�IDFXOWDWLYH�V\PELRQWV�ZLWK�XQNQRZQ�HIIHFWV��+HUH��ZH�SUHVHQW�EDFWHULDO�FRPPXQLW\����

SURILOHV�REWDLQHG�IURP�VHYHQ�EDW�IO\�VSHFLHV��UHSUHVHQWLQJ�ILYH�JHQHUD��SDUDVLWL]LQJ�EDWV�IURP����

WKH�0DODJDV\�UHJLRQ��7KH�REVHUYHG�EDFWHULDO�GLYHUVLW\�LQFOXGHV�Rickettsia��Wolbachia��VHYHUDO����

Arsenophonus�OLNH�RUJDQLVPV�� DV� ZHOO� DV� RWKHU� PHPEHUV� RI� WKH� (QWHUREDFWHULDOHV�� DQG� D����

ZLGHVSUHDG�DVVRFLDWLRQ�RI�Bartonella�EDFWHULD�IURP�EDW�IOLHV�RI�DOO�ILYH�JHQHUD��8VLQJ�WKH�ZHOO����

GHVFULEHG� KRVW� VSHFLILFLW\� RI� WKHVH� IOLHV� DQG� GDWD� RQ� FRPPXQLW\� VWUXFWXUH� IURP� VHOHFWHG����

EDFWHULDO� WD[D� ZLWK� HLWKHU� YHUWLFDO� RU� KRUL]RQWDO� WUDQVPLVVLRQ�� ZH� VKRZ� WKDW� KRVW�YHFWRU����

VSHFLILFLW\� DQG� WUDQVPLVVLRQ� PRGH� DUH� ERWK� LPSRUWDQW� GULYHUV� RI� EDFWHULDO� FRPPXQLW\����

VWUXFWXUH�����

���
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�� Introduction ���

%DWV� DUH� LQFUHDVLQJO\� UHFRJQL]HG� DV� QDWXUDO� UHVHUYRLUV� RI� D� ODUJH� QXPEHU� RI� HPHUJLQJ����

LQIHFWLRXV�DJHQWV��������,W�LV�WKXV�LPSOLFLW�WKDW�YHFWRUV�RI�EDW�ERUQH�GLVHDVH�ZLOO�SOD\�LPSRUWDQW����

UROHV� LQ� WKH� HSLGHPLRORJ\� DQG� G\QDPLFV� RI� LQIHFWLRXV� DJHQWV� WKDW� FDQ� HYHQWXDOO\� HPHUJH� LQ����

KXPDQ�SRSXODWLRQV�� )XUWKHU�� EDWV� DUH�KRVWV� WR� GLIIHUHQW� HFWRSDUDVLWHV�� LQFOXGLQJ�PLWHV�� IOHDV�����

WLFNV�� DQG� EDW� IOLHV� ���� ���� %DW� IOLHV� �'LSWHUD�� +LSSRERVFRLGHD�� DUH� REOLJDWH� EORRG�VXFNLQJ����

SDUDVLWHV�WKDW�DUH�FODVVLFDOO\�GLYLGHG�LQWR�WZR�IDPLOLHV����WKH�6WUHEOLGDH�DQG�WKH�1\FWHULELLGDH����

����� 7RJHWKHU�� WKH� +LSSRERVFLGDH� �ORXVH� RU� NHG� IOLHV��� 6WUHEOLGDH�� DQG� 1\FWHULELLGDH� DUH����

UHIHUUHG� WR� DV� WKH�3XSLSDUD� sensu stricto� GXH� WR� WKH� WKHLU� DGHQRWURSKLF� YLYLSDULW\��ZKHUH� DOO����

ODUYDO�GHYHORSPHQWDO�VWDJHV�RFFXU�ZLWKLQ�WKH�DGXOW�IHPDOH¶V�ERG\�DQG�DUH�QRXULVKHG�E\�PLON����

JODQGV� XQWLO� WKH\� DUH� UHDG\� WR� SXSDWH�� 7KLV� SDUWLFXODULW\� RI� WKH� 3XSLSDUD� s.s.� LV� WKRXJKW� WR����

SURPRWH� YHUWLFDO� SDUDVLWH� WUDQVPLVVLRQ�� WKXV� LQIOXHQFLQJ� WKH� HSLGHPLRORJLFDO� UROH� RI� WKHVH����

YHFWRUV�LQ�GLVHDVH�WUDQVPLVVLRQ�����

7R�GDWH��VWXGLHV�RI�PLFURRUJDQLVPV�DVVRFLDWHG�ZLWK�Q\FWHULELLGV�KDYH�PDLQO\�IRFXVHG�RQ�WZR����

JURXSV� RI� EDFWHULD� �� Bartonella� VSS�� ������� DQG� Arsenophonus�OLNH� RUJDQLVPV� �UHIHUUHG� WR����

KHUHDIWHU� DV� $/2V�� ��������� 7KHVH� EDFWHULDO� JHQHUD� RIIHU� FRQWUDVWLQJ� PRGHO� V\VWHPV� IRU����

LQYHVWLJDWLQJ� WKH� ELRWLF� IDFWRUV� GULYLQJ� WKH� VWUXFWXUHV� RI� DVVRFLDWHG� PLFURELDO� FRPPXQLWLHV. ���

Bartonella� DUH� SDUDVLWLF� LQWUDFHOOXODU� EDFWHULD� LQIHFWLQJ� YHUWHEUDWH� HU\WKURF\WHV� DQG� PDQ\����

VSHFLHV�DUH�FRQVLGHUHG�WR�EH�]RRQRWLF������DQG�OLQNHG�WR�GLVHDVH�LQ�KXPDQV����������LQFOXGLQJ����

WKH�UHFHQWO\�LGHQWLILHG�EDW�DVVRFLDWHG�B. mayotimonensis ������1\FWHULELLGV�DUH�NQRZQ�WR�KRVW����

D� ZLGH� YDULHW\� RI� Bartonella� VSS�� ������ DQG� FRQWUDVWLQJ� SDWWHUQV� RI� Bartonella EDW�KRVW����

DVVRFLDWLRQV� KDYH� EHHQ� GHVFULEHG� DFURVV� $IULFD� ���� ��� ����� 6RXWK� $PHULFD� ��������� (XURSH����

������DQG�$VLD����������

,Q�FRQWUDVW��$/2V�DUH�V\PELRWLF�RUJDQLVPV�HQJDJHG�LQ�FRPSOH[�LQWHUDFWLRQV�ZLWK�D�YDULHW\�RI����

DUWKURSRG�VSHFLHV����������7KH�JURXS�PDNLQJ�XS�$/2�LV�D�PRQRSK\OHWLF�OLQHDJH�WKDW�LQFOXGHV����

GLIIHUHQW�JHQHUD��VXFK�DV�Arsenophonus��Aschnera��Riesia��DQG�RWKHU�XQQDPHG�JURXSV��$/2������

WR� $/2���� ��������� ,Q� EDW� IOLHV�� $/2V� DUH� SULPDU\� DQG� REOLJDWH� HQGRV\PELRQWV� WKDW� DUH����

YHUWLFDOO\�WUDQVPLWWHG�IURP�LQIHFWHG�PRWKHUV�WR�RIIVSULQJ�GXH�WR�WKH�SUHVHQFH�RI�EDFWHULRF\WHV����

LQ�WKH�PLON�JODQGV�RI�DOO�Q\FWHULELLG�VSHFLHV����������,W�LV�WKRXJKW�WKDW�$/2V�PD\�SOD\�D�UROH�LQ����

WKH�SURYLVLRQLQJ�RI�%�YLWDPLQV��ZKLFK�DUH�GHILFLHQW�LQ�YHUWHEUDWH�EORRG��WKH�RQO\�IRRG�VRXUFH����
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IRU� WKHVH� IOLHV� ������ 7KH� XELTXLW\� RI� $/2V� LQ� EDW� IOLHV�� LQ� ZKLFK� LQIHFWLRQ� LV� DW� IL[DWLRQ�����

FRUURERUDWHV� WKH� K\SRWKHVLV� RI� DQ� REOLJDWH� HQGRV\PELRQW� ��������� 6XFK� SDWWHUQV� KDYH� EHHQ����

IRXQG� LQ� RWKHU� H[FOXVLYH� EORRG�IHHGLQJ� VSHFLHV� OLNH� EHGEXJV� ����� DQG� WVHWVH� IOLHV� ������ WZR����

LQVHFW�JURXSV�ZKLFK� UHO\�RQ�D� VLQJOH� IRRG� VRXUFH� WKURXJKRXW� WKHLU�GHYHORSPHQWDO� F\FOH� DQG����

KDUERU�EHQHILFLDO�PLFUREHV�WKDW�SURYLGH�QXWULHQWV�DEVHQW�IURP�WKHLU�UHVWULFWHG�GLHWV������

1\FWHULELLG� VSHFLHV�VKRZ�YDU\LQJ� OHYHOV�RI�EDW�KRVW� VSHFLILFLW\��)RU�H[DPSOH�� D� UHFHQW� VWXG\����

UHSRUWHG� D� ODFN� RI� KRVW� VSHFLILFLW\� DQG� JHQHWLF� VWUXFWXUH� LQ�Cyclopodia horsfieldi�� IRXQG� RQ����

VHYHUDO�IUXLW�EDWV�RI�WKH�JHQXV�Pteropus��3WHURSRGLGDH��LQ�VRXWKHDVWHUQ�$VLD�������2Q�LVODQGV����

LQ�WKH�ZHVWHUQ�,QGLDQ�2FHDQ��LW�KDV�EHHQ�REVHUYHG�WKDW�WKH�JHQHUD�Penicillidia�DQG�Nycteribia����

DUH�UHODWLYHO\�SURPLVFXRXV�ZLWK�UHVSHFW�WR�WKHLU�KRVW�DVVRFLDWLRQV��H[FKDQJLQJ�IUHHO\�EHWZHHQ����

VHYHUDO� Miniopterus� VSS�� �0LQLRSWHULGDH�� DQG� Myotis goudoti� �9HVSHUWLOLRQLGDH�� ��������

,QWHUHVWLQJO\�� WKHVH� LQVHFWLYRURXV� EDW� VSHFLHV� DUH� RIWHQ� IRXQG� OLYLQJ� LQ� V\QWRS\� �LQ� SK\VLFDO����

FRQWDFW�ZLWKLQ� GD\� URRVWV��� WKXV� OLNHO\� IDFLOLWDWLQJ� YHFWRU� VKDULQJ� ������7KH� SLFWXUH� LV� UDWKHU����

GLIIHUHQW�IRU�IUXLW�EDW�IOLHV�EHORQJLQJ�WR�WKH�JHQXV�Eucampsipoda��ZKLFK�KDYH�EHHQ�REVHUYHG����

WR�XQLTXHO\�SDUDVLWL]H�SWHURSRGLGV�RI�WKH�JHQXV�Rousettus�RQ�FRQWLQHQWDO�$IULFD�RU�RQ�LVODQGV����

LQ�WKH�VRXWKZHVWHUQ�,QGLDQ�2FHDQ������GHVSLWH�WKHVH�EDWV�RIWHQ�VKDULQJ�FDYHV�DV�GD\�URRVW�VLWHV����

ZLWK�RWKHU�EDW�VSHFLHV�������6LPLODUO\��Eidolon�VSS��IUXLW�EDWV�DUH�LQIHVWHG�H[FOXVLYHO\�E\�IOLHV����

IURP�WKH�JHQXV�Cyclopodia��ZLWK�C� dubia�DQG�C� greeffi�VSHFLILFDOO\�SDUDVLWL]LQJ�0DODJDV\�E. ���

dupreanum�DQG�$IULFDQ�E. helvum�� UHVSHFWLYHO\��7KXV��EDW� IO\�FRPPXQLWLHV�RQ�0DGDJDVFDU�����

QHLJKERULQJ� LVODQGV� LQ� WKH� &RPRURV� $UFKLSHODJR�� DQG� FRQWLQHQWDO� $IULFD� DUH� FRPSRVHG� RI����

VSHFLHV� WKDW� DUH� HLWKHU� VSHFLDOLVWV� �H�J��� Eucampsipoda madagascarensis� E� theodori� E� ���

africana� C. dubia� DQG C. greeffi� IRXQG� VWULFWO\� RQ�R� madagascariensis��R� obliviosus��R�����

aegyptiacus��Eidolon�dupreanum��DQG�E� helvum�� UHVSHFWLYHO\��RU�SDUDVLWL]H�D�EURDGHU�UDQJH����

RI� KRVWV�� VXFK� DV� Penicillidia leptothrinax� DQG� N. stylidiopsis� IRXQG� RQ� VHYHUDO� 0DODJDV\�����

Miniopterus� VSS�� DV� ZHOO� DV� RQ� Myotis goudoti�� 8QGHU� WKHVH� LQWHUHVWLQJ� ELRORJLFDO�����

FLUFXPVWDQFHV��YDULDWLRQ�LQ�WKH�SDWWHUQV�RI�LQIHFWLRXV�DJHQW� WUDQVIHU�EHWZHHQ�PDPPDOLDQ�DQG�����

DUWKURSRG�KRVWV�DUH�OLNHO\�GHWHUPLQHG�E\�D�QXPEHU�RI�IDFWRUV�LQFOXGLQJ�WKH�VSHFLILFLW\�RI�KRVW�����

YHFWRU� LQWHUDFWLRQV�� WKH� QDWXUH� RI� YHFWRU�PLFURRUJDQLVP� LQWHUDFWLRQV� �UDQJLQJ� IURP� VWULFW�����

SDUDVLWLVP� WR� PXWXDOLVP��� WKH� WUDQVPLVVLRQ�PRGH�� DQG� FRQIRXQGLQJ� IDFWRUV� RI� KRVW� HFRORJ\�����

�)LJXUH���������
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+HUH�� LQ� RUGHU� WR� LQYHVWLJDWH� WKH� DVVRFLDWLRQV� EHWZHHQ� EDFWHULD� DQG� Q\FWHULELLGV�� ZH� KDYH�����

REWDLQHG�EDFWHULDO���6�JHQH�S\URVHTXHQFLQJ�GDWD�IURP�EDW�IOLHV�RI�WKH�JHQHUD�Eucampsipoda������

Penicillidia��Nycteribia��Cyclopodia��DQG�Basilia��Paracyclopodia���WDNHQ�IURP�EDWV�VDPSOHG�����

LQ�WKH�ZHVWHUQ�,QGLDQ�2FHDQ�UHJLRQ��0DGDJDVFDU�DQG�WKH�8QLRQ�RI�WKH�&RPRURV���:H�LGHQWLI\�����

D�QXPEHU�RI�SUHYLRXVO\�XQGHVFULEHG�EDFWHULDO�DVVRFLDWLRQV�ZLWKLQ�WKH�1\FWHULELLGDH��FRPSDUH�����

WKH�SK\ORJHQHWLF�UHODWLRQVKLSV�RI�VRPH�RI�WKHVH�QRYHO�EDFWHULDO�WD[D��DQG�SURSRVH�D�PRGHO�IRU�����

KRZ� KRVW�YHFWRU�SDUDVLWH� LQWHUDFWLRQV�PD\� VKDSH� WKH� EDFWHULDO� FRPPXQLWLHV� KRVWHG� E\� WKHVH�����

IOLHV������
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�� Materials and Methods ����

���� 7D[RQ�VDPSOLQJ�DQG�LGHQWLILFDWLRQ������

%DWV� ZHUH� FDSWXUHG� XVLQJ� PLVW� QHWV� DQG� KDUS� WUDSV� JHQHUDOO\� SODFHG� DW� FDYH� HQWUDQFHV�� RU�����

EXWWHUIO\�QHWV�WR�REWDLQ�LQGLYLGXDOV�IURP�GD\�URRVW�VLWHV�LQ�FDYHV��7KLV�VWXG\�ZDV�FRQGXFWHG�LQ�����

VWULFW�DFFRUGDQFH�ZLWK�WKH�WHUPV�RI�UHVHDUFK�SHUPLWV�LVVXHG�E\�QDWLRQDO�DXWKRULWLHV��'LUHFWLRQ�����

GX� 6\VWqPH� GHV� $LUHV� 3URWpJpHV�� 'LUHFWLRQ� HQYLURQPHQW� HW� GHV� )RUrWV�� DQG� 0DGDJDVFDU�����

1DWLRQDO� 3DUNV� >0DGDJDVFDU@�� DQG� &HQWUH� 1DWLRQDO� GH� 'RFXPHQWDWLRQ� HW� GH� 5HFKHUFKH�����

6FLHQWLILTXH� >8QLRQ� RI� WKH� &RPRURV@��� IROORZLQJ� WKH� ODZV� RI� WKHVH� FRXQWULHV�� DQG� WKH�����

DVVRFLDWHG�UHVHDUFK�SHUPLW�QXPEHUV�DUH�OLVWHG� LQ�WKH�DFNQRZOHGJHPHQWV��8SRQ�FDSWXUH��HDFK�����

LQGLYLGXDO� FDWDORJHG� EDW� ZDV� SODFHG� LQ� D� VHSDUDWH� FOHDQ� FORWK� EDJ� XQWLO� WKH� FROOHFWLRQ� RI�����

UHOHYDQW� ELRORJLFDO� GDWD� DQG� WKH\� ZHUH� H[DPLQHG� IRU� HFWRSDUDVLWHV�� 7KH� HFWRSDUDVLWHV� ZHUH�����

FROOHFWHG�ZLWK� IRUFHSV� DQG� VWRUHG� LQ� VHSDUDWH� YLDOV� FRQWDLQLQJ� ���� HWKDQRO��0RUSKRORJLFDO�����

LGHQWLILFDWLRQ�RI�WKH�HFWRSDUDVLWHV�ZDV�FDUULHG�RXW�XVLQJ�SXEOLVKHG�NH\V�DQG�GHVFULSWLRQV����������

DQG� KRVW� EDW� VSHFLPHQV� DUH� KRXVHG� LQ� WKH� )LHOG� 0XVHXP� RI� 1DWXUDO� +LVWRU\� �)01+�������

&KLFDJR�� DQG� Département de Biologie Animale, Université d’Antananarivo (8$'%$�������

$QWDQDQDULYR��$�FRQVLGHUDEOH�SRUWLRQ�RI� WKH�Q\FWHULELLG�VSHFLPHQV�XVHG�KHUHLQ�FDPH�IURP�D�����

SUHYLRXV�VWXG\�WKDW�HYDOXDWHG�WKH�HYROXWLRQDU\�RULJLQV�RI�EDW�IOLHV�RQ�WKH�&RPRUR�,VODQGV�DQG�����

0DGDJDVFDU� �����1HZ� VDPSOHV� RI�Cyclopodia dubia� DQG�Basilia� �Paracyclopodia� VS��ZHUH�����

FROOHFWHG�RQ�0DGDJDVFDU�IURP�Eidolon dupreanum�DQG�Scotophilus VSS���UHVSHFWLYHO\��DV�SDUW�����

RI�WKLV�VWXG\�������

���� 1XFOHLF�DFLG�H[WUDFWLRQ�DQG�S\URVHTXHQFLQJ�GHVLJQ������

1\FWHULELLG�IOLHV�ZHUH�UHPRYHG�IURP�HWKDQRO�VWRUDJH�DQG�GULHG��WKHQ�FUXVKHG�XVLQJ���[���PP�����

WXQJVWHQ�EHDGV�LQ�D�7LVVXH�/\]HU��4LDJHQ���1XFOHLF�DFLGV�ZHUH�H[WUDFWHG�XVLQJ�D�4LDJHQ�(=������

URERW�ZLWK� WKH�'1$�7LVVXH�.LW��DFFRUGLQJ� WR� WKH�PDQXIDFWXUHU¶V�SURWRFRO�DQG�DV�SUHYLRXVO\�����

SXEOLVKHG������1XFOHLF�DFLGV�ZHUH�SRROHG�E\�VSHFLHV�IRU���6�JHQH�S\URVHTXHQFLQJ��DV�GHWDLOHG�����

LQ�6XSSOHPHQWDU\�7DEOH�������
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��6�JHQH�S\URVHTXHQFLQJ�ZDV�SHUIRUPHG�DV�SUHYLRXVO\�GHVFULEHG�������%ULHIO\����6�9��DQG�����

9�� YDULDEOH� UHJLRQV� ZHUH� DPSOLILHG� YLD� 3&5� VSHFLILF� SULPHUV� WDUJHWLQJ� WKH� XSVWUHDP� DQG�����

GRZQVWUHDP�UHJLRQV�RI�WKH�9��9��VHJPHQW��WKH��¶�HQG�RI�IRUZDUG��7$&**5$**&$*&$*������

DQG�UHYHUVH��**$&7$&&$***7$7&7$$7��EDFWHULDO�VSHFLILF�SULPHUV�ZHUH�DVVRFLDWHG� LQ�����

�¶�ZLWK�0,'�WDJV��D�*V)/;�NH\�DQG�*V)/;�DGDSWHUV��7KH�TXDQWLW\�RI�HDFK�3&5�SURGXFW�ZDV�����

WKHQ� GHWHUPLQHG� ZLWK� 3LFRJUHHQ� DQG� DOO� SURGXFWV� ZHUH� PL[HG� WRJHWKHU� LQ� HTXLPRODU�����

FRQFHQWUDWLRQV�SULRU�����*V)/;�VHTXHQFLQJ��*HQRVFUHHQ�������

$OO�UHDGV�OHVV�WKDQ�����ES�LQ�OHQJWK�ZHUH�GLVFDUGHG�XVLQJ�WKH�*HQHLRXV�SUR�VRIWZDUH�SDFNDJH�����

������5HPDLQLQJ�UHDGV�ZHUH�DQDO\]HG�XVLQJ�WKH�6,/9$�RQOLQH�1*6�WRRO��DYDLODEOH�RQOLQH�DW�����

ZZZ�DUE�VLOYD�GH�QJV���5DZ�VHTXHQFH�UHDGV�ZHUH�DOLJQHG�ZLWK�D�JDS�H[WHQVLRQ�SHQDOW\�RI�������

DQG�D�JDS�SHQDOW\�RI����5HDGV�ZHUH�ILOWHUHG�EDVHG�RQ�WKH�IROORZLQJ�TXDOLW\�FULWHULD��0LQLPXP�����

OHQJWK�������ES��PLQLPXP�TXDOLW\�VFRUH�������PD[LPXP�SHUFHQW�DPELJXLWLHV�������PLQLPXP�����

EDVH�SDLU�VFRUH������DQG�PD[LPXP�SHUFHQW�UHSHWLWLYH�������5HPDLQLQJ�UHDGV�ZHUH�FOXVWHUHG�����

LQWR�RSHUDWLRQDO�WD[RQRPLF�XQLWV��278V��DW�D�WKUHVKROG�VHTXHQFH�LGHQWLW\�RI������278V�ZHUH�����

FODVVLILHG�E\�%/$67�VFRUH�FRPSDULVRQ�DJDLQVW�WKH�6,/9$�U51$�GDWDEDVH�YHUVLRQ������ZLWK�D�����

FODVVLILFDWLRQ�VLPLODULW\�WKUHVKROG�RI������278V�ZHUH�XVHG�H[FOXVLYHO\�IRU�LQLWLDO�WD[RQRPLF�����

LQWHUSUHWDWLRQV�� DQG� DOO� TXDQWLWDWLYH� GDWD� ZHUH� FDOFXODWHG� IURP� WKH� QXPEHUV� RI� RULJLQDO�����

VHTXHQFH� UHDGV�� 6WDWLVWLFDO� VLJQLILFDQFH� RI� GLIIHUHQFHV� LQ� SURSRUWLRQV� RI� VHTXHQFH� GDWD� ZDV�����

FDOFXODWHG�E\�&KL�VTXDUHG�FRPSDULVRQV�ZLWK�D�<DWH¶V�FRUUHFWLRQ������

���� 6HTXHQFH�GDWD�DQG�JHQHWLF�DQDO\VHV�����

6SHFLILF�JHQH�IUDJPHQWV�ZHUH�DPSOLILHG�XVLQJ�SULPHU�SDLUV�GHWDLOHG�LQ�7DEOH����6HTXHQFH�GDWD�����

ZHUH� DQDO\]HG�XVLQJ� WKH�*HQHLRXV�SUR� VRIWZDUH�SDFNDJH� ������$OO� ILQDO� VHTXHQFH�GDWD�ZHUH�����

GHSRVLWHG� LQ� *HQ%DQN�� DQG� WKH� UHOHYDQW� DFFHVVLRQ� QXPEHUV� DUH� OLVWHG� LQ� 7DEOH� ��� &RGLQJ�����

VHTXHQFHV� ZHUH� DOLJQHG� LQ�IUDPH� XVLQJ� WKH� *HQHLRXV� SUR� WUDQVODWLRQ� DOLJQ� WRRO� DQG� WKH�����

VWDQGDUG� &OXVWDO:� FRVW� PDWUL[�� 1RQ�FRGLQJ� VHTXHQFHV� ZHUH� DOLJQHG� XVLQJ�086&/(� ����������

1HWZRUN� DQDO\VHV� ZHUH� SHUIRUPHG� LQ� 6SOLWVWUHH�� ������ XVLQJ� WKH� 1HLJKERXU1HW� DOJRULWKP������

0D[LPXP� OLNHOLKRRG� SK\ORJHQLHV� ZHUH� JHQHUDWHG� WKURXJK� 5$[0/� Y������ ������ XVLQJ� WKH�����

5$[0/�*8,��Y������ZLWK������ERRWVWUDS�UHSOLFDWHV�DQG�WKH�*75�*DPPD�VXEVWLWXWLRQ�PRGHO�����

DV�VXJJHVWHG�E\�-0RGHOWHVW���Y��������������&RGLQJ�VHTXHQFH�DOLJQPHQWV�ZHUH�SDUWLWLRQHG�E\�����

EDVH�SRVLWLRQ��DQG�VLQJOH�RU�PXOWLSOH�RXWJURXS�VHTXHQFHV�ZHUH�VSHFLILHG�SULRU�WR�DQDO\VLV��%HVW�����
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WUHH�RXWSXWV�IURP�5$[0/�ZHUH�XVHG�DV�WRSRORJ\�LQSXWV�LQ�WKH�5�VRIWZDUH�SDFNDJH��H[SORLWLQJ�����

WKH� DSH� ����� DQG� YHJDQ� ����� SDFNDJHV� LQ� RUGHU� WR� WHVW� HYROXWLRQDU\� FRQJUXHQFH� XVLQJ� WKH�����

3DUD)LW� DOJRULWKP� ������ %DFWHULDO� SK\ORJHQLHV� XVHG� IRU� 3DUD)LW� DQDO\VLV� FRQWDLQHG� RQO\�����

VHTXHQFHV� REWDLQHG� LQ� WKLV� VWXG\�� DQG�ZHUH� FRPSDUHG� DJDLQVW� D� KRVW�Q\FWHULELLG� SK\ORJHQ\�����

JHQHUDWHG�EDVHG�RQ�&\WRFKURPH�R[LGDVH� ,� �&2,�� VHTXHQFH�GDWD��&2,� VHTXHQFHV�ZHUH� WDNHQ�����

IURP������DQG�GDWD�IURP�Cyclopodia dubia�DQG�Basilia��Paracyclopodia��VS��ZHUH�SURYLGHG�E\�����

5DPDVLQGUD]DQD�et al���DUWLFOH�LQ�SUHSDUDWLRQ�������

�� Results ����

���� %DFWHULDO�FRPPXQLW\�FRPSRVLWLRQ�DV�UHYHDOHG�E\���6�JHQH�S\URVHTXHQFLQJ������

3\URVHTXHQFLQJ�GDWD�ZHUH�REWDLQHG�IURP�VHYHQ�LQGHSHQGHQW�VDPSOHV��RULJLQDWLQJ�IURP�VHYHQ�����

Q\FWHULELLG� VSHFLHV�� Eucampsipoda madagascarensis� E� theodori� Penicillidia VS�� �FI� ����

fulvida��� P. leptothrina[�� Nycteribia stylidiopsis� Cyclopodia dubia�� DQG� Basilia�����

�Paracyclopodia�� VS�� 6DPSOHV� FRQWDLQHG� SRROHG�'1$�� H[WUDFWHG� IURP�GLIIHUHQW� QXPEHUV� RI�����

Q\FWHULELLG� IOLHV�� $� VXPPDU\� RI� VDPSOH� FRPSRVLWLRQ�� DV� ZHOO� DV� WKH� VWDWLVWLFV� RI�����

S\URVHTXHQFLQJ� GDWD� DFTXLVLWLRQ�� LQFOXGLQJ� QXPEHUV� RI� UHDGV� REWDLQHG� DQG� TXDOLW\� FRQWURO�����

UHVXOWV�DUH�SUHVHQWHG�LQ�6XSSOHPHQWDU\�7DEOH��������

:H�WKHQ�DQDO\]HG�EDFWHULDO�GLYHUVLW\�DW�WKH�FODVV�OHYHO��7KH�EDFWHULDO�FRPPXQLWLHV�DVVRFLDWHG�����

ZLWK� DOO� EDW� IO\� VDPSOHV� ZHUH� GRPLQDWHG� E\� WKUHH� EDFWHULDO� SK\OD�� $OSKDSURWHREDFWHULD������

%HWDSURWHREDFWHULD��DQG�*DPPDSURWHREDFWHULD��ZKLFK�UHSUHVHQWHG����������DQG�����RI�WRWDO�����

VHTXHQFHV��UHVSHFWLYHO\��7KH�YDVW�PDMRULW\�RI�%HWDSURWHREDFWHULD�ZHUH�REVHUYHG�LQ�E� theodori�����

DQG� VKRZHG� FORVHVW� VLPLODULW\� WR� XQFXOWXUHG� EDFWHULD� RI� WKH� )DPLO\� 1HLVVHULDFHDH�� 7KH�����

PDMRULW\� RI� 1HLVVHULDFHDH� DUH� FRPPRQ� FRPPHQVDO� EDFWHULD� WKDW� DUH� RIWHQ� DVVRFLDWHG� ZLWK�����

PDPPDOV��EXW�Neisseria gonorrhoeae DQG�N. meningitides DUH�WKH�NQRZQ�FDXVDWLYH�DJHQWV�RI�����

JRQRUUKHD�DQG�PHQLQJRFRFFDO�PHQLQJLWLV�LQ�KXPDQV��UHVSHFWLYHO\������

2I� WKH� VHTXHQFHV� LGHQWLILHG� DV�$OSKDSURWHREDFWHULD�� ����FDPH� IURP�Wolbachia�� ���� IURP�����

Bartonella�� DQG����� IURP�Rickettsia��1HDUO\� DOO�*DPPDSURWHREDFWHULD� �!������FDPH� IURP�����

WKH�RUGHU�(QWHUREDFWHULDOHV��DQG��IRU�DOO�EDW�IO\�VSHFLHV�EXW�RQH��Cyclopodia dubia���WKH\�ZHUH�����

PRVWO\�GLVWULEXWHG�EHWZHHQ�WZR�JHQHUD��Arsenophonus�DQG�Aschnera��ZKLFK�FOHDUO\�EHORQJ�WR�����
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WKH�$/2�JURXS����������7KH�FDVH�RI�C. dubia�LV�VXEWO\�GLIIHUHQW��XVLQJ�%/$67��PRVW�RI�WKH�����

EDFWHULDO�VHTXHQFHV�IURP�WKLV�EDW�IO\�VSHFLHV�KDYH�LGHQWLW\�WR�RWKHU�(QWHUREDFWHULDOHV�PHPEHUV�����

WKDQ�$/2V��VXFK�DV�Providencia��Erwinia��DQG�Dickeya��,QWHUHVWLQJO\��WKH�EDFWHULD�RULJLQDWLQJ�����

IURP�C. dubia�PD\�DFWXDOO\�IRUP�D�QHZ�(QWHUREDFWHULDOHV�JURXS��VHH�EHORZ�������

%DFWHULDO�FRPPXQLW\�GDWD�DUH�VXPPDUL]HG�LQ�6XSSOHPHQWDU\�)LJXUH��������

:H�WKHQ�IXUWKHU�LQYHVWLJDWHG�EDFWHULDO�WD[D�E\�VHTXHQFLQJ�DGGLWLRQDO�ORFL��7D[D�ZHUH�VHOHFWHG�����

EHFDXVH�RI� WKHLU�SRVVLEOH�PHGLFDO� LPSRUWDQFH�� VXFK�DV� WKH�JHQHUD�Rickettsia� DQG�Bartonella������

ZLWK�WKHLU�UHODWLRQ�WR�SDWKRJHQLF�VWUDLQV�FDXVLQJ�ULFNHWWVLRVHV�DQG�EDUWRQHOORVHV��UHVSHFWLYHO\������

RU� EHFDXVH� WKH\� ZHUH� FRPPRQ� WR� PXOWLSOH� VSHFLHV� RI� Q\FWHULELLG� IO\� DQG� UHSUHVHQWHG� D�����

VLJQLILFDQW� SURSRUWLRQ� RI� WKH� WRWDO� QXPEHU� RI� UHDGV� REWDLQHG� E\� S\URVHTXHQFLQJ�� VXFK� DV�����

Wolbachia�DQG�(QWHUREDFWHULDOHV��WKUHVKROG�UHWURVSHFWLYHO\�VHW�DW������RI�WKH�WRWDO�QXPEHU�RI�����

UHDGV�������

$OO�DFFHVVLRQ�QXPEHUV�IRU�WKH�3&5�JHQHUDWHG�VHTXHQFHV�LQ�WKLV�VWXG\�DUH�OLVWHG�LQ�7DEOH��������

���� Rickettsia ����

'XULQJ� S\URVHTXHQFLQJ�� ��6� VHTXHQFHV� FORVHO\� UHODWHG� WR� Rickettsia� ZHUH� REWDLQHG� IURP�����

Eucampsipoda madagascarensis� DQG�Penicillidia leptothrinax��7KHVH� VHTXHQFHV� UHSUHVHQWHG�����

�����DQG�������RI�UHDGV�LQ�E� madagascarensis�DQG�P� leptothrinax�� UHVSHFWLYHO\��7KH�gltA�����

ORFXV�RI�Rickettsia�ZDV�DPSOLILHG�IURP�ERWK�E� madagascarensis�DQG�P� leptothrinax�VDPSOHV������

&ODVVLILFDWLRQ� XVLQJ� %/$67[� VKRZHG� WKDW� WKH� REWDLQHG� gltA� VHTXHQFHV� VKRZHG� OLWWOH�����

KRPRORJ\�WR�NQRZQ�VSHFLHV�RI�Rickettsia�� WKH�VWURQJHVW�PDWFK�VKRZLQJ�����LGHQWLW\�WR�gltA�����

IURP�R� raoultii��D�EDFWHULXP�LGHQWLILHG�LQ�KDUG�WLFNV�IURP�&KLQD�������,Q�DGGLWLRQ��D�������ES�����

IUDJPHQW�RI�WKH���6�JHQH�RI�Rickettsia�ZDV�DPSOLILHG�IURP�E. madagascarensis��$OWKRXJK�WKH�����

SK\ORJHQ\� RI� Rickettsia� FRXOG� RQO\� EH� SRRUO\� UHVROYHG� EDVHG� RQ� WKHVH� GDWD� �QRW� VKRZQ�������

VHTXHQFH� VLPLODULW\� ZDV� VWURQJHVW� ZLWK� R� gravesii�� R�� barbariae�� DQG� R� tarasevichiae������

EDFWHULD� SUHYLRXVO\� VKRZQ� WR� EH� DVVRFLDWHG� ZLWK� KDUG� WLFNV� EHORQJLQJ� WR WKH� JHQHUD�����

Amblyomma�DQG�Ixodes������
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���� Wolbachia ����

3\URVHTXHQFLQJ� RI� WKH� ��6� ORFXV� UHYHDOHG� WKDW�Wolbachia� ZDV� SUHVHQW� LQ� DOO� VDPSOHG� IO\�����

VSHFLHV� H[FHSW� Eucampsipoda madagascariensis� DQG� E. theodori�� 7KH� SHUFHQWDJH� RI� UHDGV�����

PDWFKLQJ�ZLWK�Wolbachia�UDQJHG�IURP�OHVV�WKDQ����LQ�Nycteribia stylidiopsis�WR�QHDUO\���������

LQ�Basilia� �Paracyclopodia�� VS�� 3&5�EDVHG� VFUHHQLQJ� XVLQJ� WKH�wsp� V\VWHP� ����� ZDV� WKHQ�����

XVHG�WR�WHVW�LQGLYLGXDO�Q\FWHULELLG�VDPSOHV�IRU�WKH�SUHVHQFH�RI�Wolbachia��,Q�DFFRUGDQFH�ZLWK�����

WKH� S\URVHTXHQFLQJ� UHVXOWV�� Wolbachia� ZDV� LGHQWLILHG� LQ� Penicillidia leptothrinax� ������������

������ P. VS�� �FI� fulvida)� ������ ������� Cyclopodia dubia� ������ ������ DQG� Basilia�����

�Paracyclopodia��VS�������������������

$�VHOHFWLRQ�RI�'1$�IUDJPHQWV�IURP�WKH�Wolbachia wsp��fbpA��ftsZ��DQG�hcpA�JHQHV������ZHUH�����

DPSOLILHG� IURP�C. dubia��Basilia� �Paracyclopodia�� VS��� DQG�P. leptothrinax�� 6HTXHQFH� GDWD�����

ZHUH�DGGLWLRQDOO\�REWDLQHG�IURP�WKH�wsp�JHQH�IURP�Wolbachia�RI�Penicillidia VS���FI� fulvida�������

VKRZLQJ������LGHQWLW\�WR�WKRVH�VHTXHQFHV�REWDLQHG�IURP�Wolbachia�LQIHFWLQJ�P. leptothrinax������

KRZHYHU� DWWHPSWV� WR� DPSOLI\� RWKHU� ORFL� ZHUH� XQVXFFHVVIXO� IRU� WKHVH� VDPSOHV�� $V� KDV� EHHQ�����

REVHUYHG� HOVHZKHUH� ����� ����� QHWZRUN� DQDO\VLV� RI� WKH� wsp� JHQH� GDWD� DJDLQVW� UHIHUHQFH�����

VHTXHQFHV� IURP� WKH� Wolbachia� 0/67� GDWDEDVH� �KWWS���SXEPOVW�RUJ�ZROEDFKLD��� VXJJHVWHG�����

KLJK� OHYHOV�RI�GLYHUVLILFDWLRQ�DQG� UHFRPELQDWLRQ�EHWZHHQ�Wolbachia� VSS�� IURP�ZHOO�GHILQHG�����

SK\ORJHQHWLF�JURXSV��6XSSOHPHQWDU\�)LJXUH�����DQG��WKXV��WKH�wsp�JHQH�GDWD�ZHUH�DEDQGRQHG�����

IRU�SK\ORJHQHWLF�FKDUDFWHUL]DWLRQ�RI�WKH�VHTXHQFHV�REWDLQHG�IURP�RXU�EDW�IO\�VDPSOHV������

1HWZRUN� DQG� SK\ORJHQHWLF� DQDO\VHV� RI� FRQFDWHQDWHG� VHTXHQFHV� �fbpA�� ftsZ�� DQG� hcpA������

VXJJHVWHG�WKDW�DOO�LGHQWLILHG�EDW�IO\�Wolbachia�EHORQJ�WR�WKH�)�VXEJURXS��)LJXUH�����6HTXHQFH�����

W\SHV�IURP�GLIIHUHQW�Q\FWHULELLG�VSHFLHV�ZHUH�JURXSHG�E\�KRVW�VSHFLHV�DQG�ZHUH�SDUDSK\OHWLF������

VKDULQJ� LGHQWLW\�ZLWK�Wolbachia� VWUDLQV� IURP�PXOWLSOH� KRVW� W\SHV� DQG� JHRJUDSKLFDO� RULJLQV������

VXJJHVWLYH�RI�LQGHSHQGHQW�HYROXWLRQDU\�KLVWRULHV�DQG�PXOWLSOH�LQWURGXFWLRQV�RI�Wolbachia�LQWR�����

EDW�IO\�SRSXODWLRQV������

���� Arsenophonus�OLNH�RUJDQLVPV��$/2V������

7KH� (QWHUREDFWHULDOHV� ZHUH� E\� IDU� WKH� PRVW� SUHGRPLQDQW� EDFWHULDO� WD[D� LGHQWLILHG� LQ�����

S\URVHTXHQFLQJ�DQDO\VHV��ZLWK�����RI�DOO�VHTXHQFLQJ�GDWD�LGHQWLILHG�DV�HLWKHU�$/2V�RU�D�QHZ�����
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DQG�XQQDPHG�(QWHUREDFWHULDOHV�JURXS��)XUWKHU���6�GDWD�ZHUH�REWDLQHG�IURP�PXOWLSOH�VDPSOHV�����

RI�HDFK�Q\FWHULELLG�VSHFLHV��1HWZRUN�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�UHIHUHQFH�VWUDLQV�OLVWHG�LQ�����

6XSSOHPHQWDU\�7DEOH����1\FWHULELLG�HQGRV\PELRQWV�EHORQJLQJ�WR�WKH�(QWHUREDFWHULDOHV�IHOO�LQ�����

WKUHH� GLVWLQFW� JURXSV� �)LJXUH� ���� ,QVHFWLYRURXV� EDW� DVVRFLDWHG� Nycteribia� DQG� Penicillidia�����

SRVVHVVHG� $/2V� DVVRFLDWHG� ZLWK� WKH� Aschnera� VXEJURXS�� ZKHUHDV� IUXLW� EDW� DVVRFLDWHG�����

Eucampsipoda�DQG�LQVHFWLYRURXV�EDW�DVVRFLDWHG�Basilia �Paracyclopodia��VS��SRVVHVVHG�$/2V�����

EHORQJLQJ� WR� WKH�Arsenophonus� VXEJURXS�� ,QWHUHVWLQJO\��QHWZRUN�DQDO\VLV� VXJJHVWHG� WKDW� WKH�����

HQGRV\PELRQWV� IURP Cyclopodia dubia IRUP� WKHLU� RZQ�� QHZ� JURXS� ZLWKLQ� WKH�����

(QWHUREDFWHULDOHV� IDPLO\��ZKLFK� LV�FORVHO\� UHODWHG� WR� WKH�NQRZQ�$/2�PHPEHUV� �Cyclopodia�����

JURXS�LQ�)LJXUH����������

���� Bartonella�����

Bartonella�VHTXHQFHV�ZHUH�GHWHFWHG�E\�S\URVHTXHQFLQJ�LQ�DOO�EDW�IO\�VSHFLHV��Eucampsipoda ����

theodori�� WKH� RQO\� EDW� IO\� LQ� WKLV� VWXG\� IURP� WKH� 8QLRQ� RI� WKH� &RPRURV� DQG� SDUDVLWL]LQJ�����

Rousettus obliviosus�� VKRZHG� VLJQLILFDQWO\�KLJKHU�SURSRUWLRQV�RI� VHTXHQFHV� IURP�Bartonella�����

�S� �� �������� WKDQ� LWV� VLVWHU� VSHFLHV�E. madagascarensis IURP�0DGDJDVFDU� RFFXUULQJ� RQ�R� ����

madagascariensis�� 7KH� SHUFHQWDJH� RI� UHDGV� GHULYHG� IURP�Bartonella� UDQJHG� IURP� �� ��� LQ�����

Basilia� �Paracyclopodia�� VS���Penicillidia leptothrinax�� DQG�Nycteribia stylidiopsis� WR�����������

LQ�E. theodori������

7KH� gltA� ORFXV� ZDV� DPSOLILHG� IURP� WKHVH� Q\FWHULELLG� VDPSOHV�� 2QO\� ��� VHTXHQFHV� WKDW�����

GHPRQVWUDWHG� FOHDU� LGHQWLW\� WR� XQDPELJXRXVO\� DQQRWDWHG� Bartonella� VWUDLQV� LQ� %/$67�����

VHDUFKHV�� DQG� ZHUH� PRQRSK\OHWLF� �ZLWK� Bartonella� UHIHUHQFH� VHTXHQFHV� LQ� SUHOLPLQDU\�����

SK\ORJHQHWLF�VWXGLHV��ZHUH�UHWDLQHG�IRU�DQDO\VLV��Bartonella�VHTXHQFHV�ZHUH�REWDLQHG�IURP�DOO�����

EDW� IO\� VSHFLHV� H[FHSW� E. madagascarensis�� $GGLWLRQDO� Bartonella�VSHFLILF� DPSOLILFDWLRQV�����

EDVHG�RQ�WKH���6�DQG�rpoB�ORFL�ZHUH�DOVR�DWWHPSWHG��EXW�ZHUH�ODUJHO\�XQVXFFHVVIXO������

7KH� gltA� VHTXHQFHV� REWDLQHG� IURP� Q\FWHULELLGV� RI� 0DGDJDVFDU� DQG� &RPRURV� $UFKLSHODJR�����

FRXOG�EH�VHHQ�WR�FOXVWHU� LQWR�ILYH�GLVWLQFW�JURXSV��)LJXUH�����3RWHQWLDO� OLPLWDWLRQV�RI�WKH�gltA�����

ORFXV�KDYH�EHHQ�GLVFXVVHG�HOVHZKHUH�����������
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���� (YROXWLRQDU\�&RQJUXHQFH�����

7KH�JOREDO�ILW�PHWKRG�� 3DUD)LW��ZDV� XVHG� WR� WHVW� WKH� K\SRWKHVLV� RI� HYROXWLRQDU\� FRQJUXHQFH�����

EHWZHHQ� Q\FWHULELLGV� DQG� WKH� EDFWHULD� GHWHFWHG� LQ� WKLV� VWXG\�� FRPSDULQJ� SK\ORJHQHWLF�����

VWUXFWXUHV�WR�WKRVH�REWDLQHG�XVLQJ�&2,�GDWD�IURP�EDW�IOLHV��$/2V�GHPRQVWUDWHG�D�VLJQLILFDQW�����

OHYHO� RI� FRQJUXHQFH� �S� �� �������� ZKHUHDV� FRQJUXHQFH� ZDV� QRW� VLJQLILFDQW� IRU� Bartonella�����

�7DEOH�����$V�WKH�WRSRORJLFDO�VWUXFWXUH�PD\�UHVXOW�IURP�D�GLIIHUHQFH�LQ�OHYHOV�RI�SRO\PRUSKLVP�����

RI�WKH�FKRVHQ�PDUNHUV����6�IRU�$/2V�DQG�gltA�IRU�Bartonella���ZH�FRPSDUHG�WKHLU�QXFOHRWLGH�����

GLYHUVLWLHV��3L�YDOXH��XVLQJ�'QD63�Y����DYDLODEOH�DW�KWWS���ZZZ�XE�HGX�GQDVS����7KLV�UHYHDOHG�����

WKDW���6�ZDV�DFWXDOO\� OHVV�SRO\PRUSKLF� WKDQ�gltA� �3L��������DQG�3L��������IRU���6�DQG�gltA������

UHVSHFWLYHO\��� WKXV� DOORZLQJ� XV� WR� UHMHFW� WKH� K\SRWKHVLV� RI� DQ� DUWLIDFWXDO� WRSRORJ\� RI�$/2V�����

UHVXOWLQJ� IURP� KLJKHU� UHVROXWLRQ� RI� WKH� ��6� ORFXV�� ,W�ZDV� QRW� SRVVLEOH� WR� WHVW�Wolbachia� RU�����

Rickettsia� OLQHDJHV� XVLQJ� WKLV� PHWKRGRORJ\� GXH� WR� WKH� OLPLWHG� QXPEHU� RI� UHOHYDQW� EDFWHULDO�����

WD[D�LGHQWLILHG�LQ�Q\FWHULELLG�KRVWV������

����
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�� Conclusion and Discussion ����

+HUH�� ZH� SURYLGH� FKDUDFWHUL]DWLRQ� RI� WKH� EDFWHULDO� PLFURELRWD� DVVRFLDWHG� ZLWK� QXPHURXV�����

VSHFLHV� RI� 1\FWHULELLGDH� EDW� IOLHV� RFFXUULQJ� RQ� 0DGDJDVFDU� DQG� WKH� QHDUE\� &RPRURV�����

$UFKLSHODJR�� DQG� SURYLGH� PRUH� GHWDLOHG� WD[RQRPLF� LQIRUPDWLRQ� IRU� VRPH� EDFWHULD� WD[D� RI�����

SDUWLFXODU�LQWHUHVW������

%DFWHULDO� FRPPXQLWLHV� DVVRFLDWHG� ZLWK� WKH� Q\FWHULELLG� EDW� IO\� JHQHUD� Eucampsipoda������

Penicillidia�� Nycteribia�� Cyclopodia�� DQG� Basilia� �Paracyclopodia�� ZHUH� GHVFULEHG� E\�����

S\URVHTXHQFLQJ�RI�WKH���6�ORFXV��9DULDWLRQ�ZDV�IRXQG�LQ�FRPPXQLW\�FRPSRVLWLRQ�LQ�GLIIHUHQW�����

VSHFLHV� RI� 1\FWHULELLGDH�� KRZHYHU�� WKHVH� PD\� EH� GXH� WR� VWRFKDVWLF� LQIHFWLRQ� HIIHFWV������

GLIIHUHQFHV� LQ� VDPSOH� SRROLQJ� EHWZHHQ� VSHFLHV�� DQG�RU� OLPLWV� LQ� VHTXHQFLQJ� UHSHDWDELOLW\�� ,W�����

VKRXOG�DOVR�EH�QRWHG�WKDW�WD[D�VDPSOLQJ�ZDV�VXEMHFW�WR�DPSOLILFDWLRQ�ELDV�GXH�WR�WKH�SULPHUV�����

XVHG� WR� DPSOLI\� WKH� ��6� ORFXV� �6XSSOHPHQWDU\� 7DEOH� ���� $OWKRXJK�ZH� FDQQRW� TXDQWLI\� WKH�����

VLJQLILFDQFH�RI�WKHVH�HIIHFWV��RXU�GDWD�VXJJHVW�WKDW�WKH�YDVW�PDMRULW\�RI�EDFWHULDO�GLYHUVLW\�LQ�DOO�����

VDPSOHV� FRXOG� EH� GHVFULEHG� E\� WKH� SUHVHQFH� RI� QRW� PRUH� WKDQ� WZR� EDFWHULDO� FODVVHV� ±� WKH�����

DOSKDSURWHREDFWHULD�DQG�JDPPDSURWHREDFWHULD��:KLOH�WKH�$/2V��JDPPDSURWHREDFWHULD��KDYH�����

EHHQ�SUHYLRXVO\�GHVFULEHG�DV�REOLJDWH��SULPDU\�V\PELRQWV�LQ�EDW�IOLHV����������WKH�QDWXUH�RI�WKH�����

LQWHUDFWLRQV�EHWZHHQ�RWKHU�EDFWHULD�DQG�EDW�IOLHV�UHPDLQV�XQNQRZQ��7KH�RYHUDOO�KRPRJHQHLW\�����

RI� WKH� EDFWHULDO� FRPPXQLW\� VWUXFWXUH� DFURVV� Q\FWHULELLG� VSHFLHV�� LQGHSHQGHQW� RI� EDW� KRVW�����

VSHFLHV�� VXJJHVWV� WKDW� LQIHFWLRQ� LV� QRW� PHUHO\� RSSRUWXQLVWLF� EXW� VHOHFWHG� DQG� FRPPRQO\�����

RFFXUULQJ� WD[D� OLNHO\� IRUP� EHQHILFLDO�� SRVLWLYHO\�VHOHFWHG� LQWHUDFWLRQV� ZLWK� WKHLU� DUWKURSRG�����

KRVWV��2Q�WKH�RWKHU�KDQG��VWURQJO\�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�VDPSOHV�IURP�0DGDJDVFDU�����

DQG�WKH�&RPRURV�$UFKLSHODJR��%HWDSURWHREDFWHULD�LQ�E. theodori��VXJJHVW�WKDW�HQYLURQPHQWDO�����

YDULDEOHV�ZLOO�DOVR�GHWHUPLQH�ZKLFK�LQWHUDFWLRQV�FDQ�EH�VXVWDLQHG������

2XU�UHVXOWV�DORQJ�ZLWK�SUHYLRXV�VWXGLHV���������FRUURERUDWH�WKH�ZLGHVSUHDG�SUHVHQFH�RI�$/2V�����

LQ�EDW� IOLHV��ZKLOVW� LGHQWLI\LQJ�D� OLNHO\�QHZ�JHQXV�RI� HQGRV\PELRQW�RI� WKH�(QWHUREDFWHULDOHV�����

WKDW� LQIHFWV� WKH�IUXLW�EDW� �Eidolon dupreanum��DVVRFLDWHG�Q\FWHULELLG�C.�dubia��:KLOH�$/2V������

DQG�HVSHFLDOO\�Arsenophonus��DUH�JOREDOO\�FRPPRQ�V\PELRQWV�HVWLPDWHG�WR�LQIHFW�FD�����RI�����

LQVHFW� VSHFLHV� ����� ����� ZH� IXUWKHU� FRQILUP� WKDW� EDW� IOLHV� KDUERU� WKH� KLJKHVW� GLYHUVLW\� RI�����

(QWHUREDFWHULDOHV� VWUDLQV� UHSRUWHG� WR� GDWH� �Arsenophonus� Aschnera� DQG� WKH� Cyclopodia�����

DVVRFLDWHG�JURXS���:H�DOVR� IRXQG�FRQJUXHQW�SDWWHUQV�RI� FRGLYHUJHQFH�EHWZHHQ�EDW� IOLHV� DQG�����



���
�

$/2V��D�UHVXOW�OLNHO\�GXH�WR�WKH�DVVRFLDWLRQ�EHWZHHQ�PHPEHUV�RI�WKH�1\FWHULELLQDH�VXEIDPLO\�����

�WKDW�LQFOXGHV�P. leptothrinax��P. VS� �FI��fulvida���DQG�N. stylidiopsis��DQG�Aschnera��ZKLFK�DUH�����

NQRZQ�WR�KDYH�FRGLYHUJHG�RYHU�D�ORQJ�HYROXWLRQDU\�SHULRG����������+RZHYHU��WKH�HYROXWLRQDU\�����

KLVWRU\�RI�WKHVH�HQGRV\PELRQWV�LQ�EDW�IOLHV�LV�FRPSOH[��DOO�VWUDLQV�IRXQG�KHUHLQ�GR�QRW�FOXVWHU�����

ZLWKLQ� D� VSHFLILF� EDW� IO\� FODGH�� EXW� UDWKHU� H[KLELW� GLVWLQFW� HYROXWLRQDU\� RULJLQV� VKRZLQJ� WKDW�����

WKH\� XQGHUZHQW� UHSHDWHG� KRUL]RQWDO� WUDQVIHU� EHWZHHQ� GLVWDQWO\� UHODWHG� KRVW� VSHFLHV�� 7KLV�����

SDWWHUQ� LV�ZHOO� LOOXVWUDWHG�E\� WKH�SUHVHQFH�� LQ�VRPH�EDW� IO\�VSHFLHV��RI�Arsenophonus VWUDLQV������

ZKLFK� DUH� FORVHO\� UHODWHG� WR� VWUDLQV� IURP� YHU\� GLYHUVH� LQVHFW� VSHFLHV�� VXFK� DV� DSKLGV� DQG�����

SDUDVLWRLG�ZDVSV��7ZR�GLVWLQFW�HYROXWLRQDU\�VWUDWHJLHV�DUH�WKXV�DFWLQJ�RQ�$/2�HQGRV\PELRVLV������

Aschnera�LV�KLJKO\�VSHFLDOL]HG�ZLWK�UHJDUGV�WR�LWV�KRVWV��ZLWK�DQFLHQW�DFTXLVLWLRQ�IROORZHG�E\�����

FRGLYHUVLILFDWLRQ�� ZKLOH� Arsenophonus� LV� PRUH� JHQHUDOLVW� DQG� DFTXLUHG� WKURXJK� UHFHQW�����

KRUL]RQWDO� WUDQVIHUV��7KH�SUHVHQFH�RI�D�SUHYLRXVO\�XQLGHQWLILHG�JURXS�RI�EDFWHULD� LQ�C. dubia�����

WHVWLILHV� WR� WKH�GLYHUVH�QDWXUH�RI�V\PELRWLF� LQWHUDFWLRQV��DQG�IXUWKHU�ZRUN�ZLOO�EH�UHTXLUHG�WR�����

EHWWHU�XQGHUVWDQG�KRZ�WKHVH�ILQGLQJV�PRGLI\�RXU�XQGHUVWDQGLQJ�RI�WKH�HYROXWLRQDU\�KLVWRU\�RI�����

Q\FWHULELLG�HQGRV\PELRQW�LQWHUDFWLRQV������

7KH� JHQXV Wolbachia� ZDV� REVHUYHG� WR� LQIHFW Penicillidia VSS.� C. dubia,� DQG� Basilia�����

�Paracyclopodia��VS���7KLV�FRPPRQ�UHSURGXFWLYH�PDQLSXODWRU�KDV�SUHYLRXVO\�EHHQ�LGHQWLILHG�����

LQ� EDW� IOLHV� ������ KRZHYHU� LW� LV� RI� QRWH� WKDW� ZH� REVHUYH�Wolbachia� LQ� PXOWLSOH� Q\FWHULELLG�����

VSHFLHV�� ,QWHUHVWLQJO\��DOO�Wolbachia� LGHQWLILHG� LQ�EDW� IOLHV�EHORQJHG� WR� WKH�)�VXSHUJURXS��DQ�����

HPHUJLQJ� VXSHUJURXS� RI�Wolbachia�� ZKLFK� KDYH� EHHQ� DVVRFLDWHG�ZLWK� D� EURDG� VSHFWUXP� RI�����

DUWKURSRG�KRVWV�LQFOXGLQJ�WKH�RUGHUV�6FRUSLRQHV��%ODWWRGHD��&ROHRSWHUD��+HPLSWHUD��,VRSWHUD������

1HXURSWHUD�� 2UWKRSWHUD�� 3KWKLUDSWHUD�� 7K\VDQRSWHUD� ������ DQG�'LSWHUD� �WKH� RUGHU� FRQWDLQLQJ�����

WKH�1\FWHULELLGDH���ZKLFK�DUH�PRUH�FRPPRQO\�DVVRFLDWHG�ZLWK�VXSHUJURXSV�$�DQG�%���������������

Eucampsipoda�GLG�QRW�KDUERU�Wolbachia��DQG�RQO\�D�VXEVHW�RI�EDW�IOLHV�LQIHVWLQJ�LQVHFWLYRURXV�����

EDWV�WHVWHG�Wolbachia�SRVLWLYH��VKRZLQJ�WKDW��XQOLNH�WKH�$/2V��Wolbachia�LV�QRW�DQ�REOLJDWH�����

HQGRV\PELRQW�RI�Q\FWHULELLG�IOLHV��$OWKRXJK�WKH�QXPEHU�RI�VDPSOHV�WKDW�FRXOG�EH�VHTXHQFHG�LQ�����

JUHDWHU� GHWDLO� ZDV� UHODWLYHO\� OLPLWHG�� Q\FWHULELLG�Wolbachia� VHTXHQFHV� DSSHDUHG� VSHFLHV�����

VSHFLILF� EXW� SDUDSK\OHWLF� WKURXJK� 0/67� DQDO\VHV�� VXJJHVWLQJ� PXOWLSOH� LQWURGXFWLRQV� RI�����

LQGHSHQGHQW� OLQHDJHV� WR� GLIIHUHQW� Q\FWHULELLG� VSHFLHV�� +RZHYHU�� D� FRPPRQ� OLQHDJH� RI�����

Wolbachia� ZDV� REVHUYHG� LQ�P. leptothrinax� DQG�P.� VS�� �FI�� fulvida��� )DFXOWDWLYH� DVVRFLDWLRQ�����

EHWZHHQ� Q\FWHULELLG� Wolbachia� VXJJHVWV� WKDW� WKHLU� LQWHUDFWLRQ� RYHU� HYROXWLRQDU\� KLVWRU\� LV�����

PRUH� UHFHQW� WKDQ� WKDW� RI� WKH�$/2V�� GHVSLWH� WKH� IDFW� WKDW� IOXRUHVFHQFH� in situ� K\EULGL]DWLRQ�����

EDVHG� SK\VLRORJLFDO� VWXGLHV� VXJJHVW� D� FRPPRQ� PHFKDQLVP� RI� YHUWLFDO� WUDQVPLVVLRQ� IRU� DOO�����
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Q\FWHULELLG� EDFWHULDO� HQGRV\PELRQWV� ������ 7KLV� LV� LQ� NHHSLQJ� ZLWK� REVHUYDWLRQV� LQ� RWKHU�����

DUWKURSRG�VSHFLHV��ZKHUH�Wolbachia�VWUDLQV�DUH�VHHQ�WR�KDYH�FRPSOH[�SK\ORJHQHWLF�KLVWRULHV�����

GXH� WR� WKHLU� GXDO� FDSDFLW\� WR� IRUP� VWDEOH� FR�H[LVWLQJ� PL[HG� SRSXODWLRQV� ZLWKLQ� DUWKURSRG�����

FRPPXQLWLHV� ����� ���� DQG� WR� LQYDGH� HQWLUH� SRSXODWLRQV� E\� PDQLSXODWLQJ� KRVW� UHSURGXFWLRQ�����

������:KLOH�WKH�SRWHQWLDO�RI�Wolbachia�WR�PDQLSXODWH�UHSURGXFWLRQ�RI�EDW�IOLHV�LV�XQNQRZQ��LW�����

LV� LQWHUHVWLQJ� WR� QRWH� WKDW� D� UHFHQW� VWXG\� REVHUYHG� ELDVHG� VH[�UDWLRV� LQ� EDW� IO\� SRSXODWLRQV�����

�Trichobius frequens��LQ�3XHUWR�5LFR�����������

7KH� GDWD� JHQHUDWHG� LQ� WKLV� VWXG\� DOVR� DGG� WR� WKH� NQRZOHGJH� RI� WKH� LQFUHDVLQJ� GLYHUVLW\� RI�����

Bartonella�VXEJURXSV�WKDW�DUH�DVVRFLDWHG�ZLWK�ERWK�EDW�IOLHV�DQG�WKHLU�EDW�KRVWV��,W�LV�JHQHUDOO\�����

WKRXJKW�WKDW�Bartonella�GHPRQVWUDWH�VSHFLILFLW\�WR�PDPPDOLDQ�KRVWV��KRZHYHU��WKH�H[DFW�UROH�����

RI�YHFWRU�KRVW�VSHFLILFLW\�LQ�HVWDEOLVKLQJ�KRVW�VSHFLILF�LQWHUDFWLRQV�LV�QRW�IXOO\�XQGHUVWRRG�����������

+HUH��WKH�GHWHFWLRQ�RI�Bartonella�LQ�DOO�WHVWHG�EDW�IO\�VSHFLHV�DGGV�FUHGHQFH�WR�WKH�WKHRU\�WKDW�����

Bartonella�DQG�EDW�IOLHV�PD\�IRUP�PXWXDOO\�EHQHILFLDO��SRVLWLYHO\�VHOHFWHG�LQWHUDFWLRQV��ZKLFK�����

PD\�GULYH�KRVW�VSHFLILFLW\��+RZHYHU��WKH�ODFN�RI�HYROXWLRQDU\�FRQJUXHQFH�EHWZHHQ�Bartonella�����

DQG� WKH� 1\FWHULELLGDH� VXJJHVWV� WKDW� DQ\� VHOHFWLYH� EHQHILW� LV� LQVXIILFLHQW� WR� JHQHUDWH� VWDEOH�����

V\PELRVLV�GHVSLWH� WKHLU�OLNHO\�DELOLW\�WR�EH�WUDQVIHUUHG�YHUWLFDOO\�IURP�PRWKHU�WR�SXSD��,Q�WKH�����

FDVH� RI� LQVHFWLYRURXV� EDW�LQIHVWLQJ� 1\FWHULELLGDH� RI� 0DGDJDVFDU� DQG� WKH� &RPRURV������

WUDQVPLVVLRQ�WKURXJK�EORRG�IHHGLQJ�LV�OLNHO\�WR�SOD\�D�GLUHFW�UROH�LQ�WKH�KRUL]RQWDO�WUDQVIHU�RI�����

Bartonella��DV�PXOWLSOH�Q\FWHULELLG�IOLHV��L�H��Nycteribia�VSS��DQG�Penicillidia�VSS���IHHG�RQ�WKH�����

VDPH�EDW�KRVWV� �����7KLV�ZDV�VHHQ� WR�EH� WKH�FDVH�KHUH�DV�� IRU�H[DPSOH��D�VLQJOH�FODGH� LQ�RXU�����

SK\ORJHQHWLF� DQDO\VLV� �FRORUHG�RUDQJH� LQ�)LJXUH���� FRQWDLQHG�Bartonella� YDULDQWV� IURP�ERWK�����

Nycteribia� DQG� Penicillidia�� DV� ZHOO� DV� ILYH� GLIIHUHQW� EDW� VSHFLHV�� +RZHYHU�� WKH� VDPH�����

SK\ORJHQHWLF� DQDO\VLV� DOVR� VXJJHVWHG� H[FKDQJH� EHWZHHQ� Cyclopodia dubia� DQG� Basilia�����

�Paracyclopodia��VS���JURXS�FRORUHG�EOXH�LQ�)LJXUH����� WD[D�ZKLFK�DUH�QRW�NQRZQ�WR�LQWHUDFW�����

GLUHFWO\� RU� ZLWK� WKH� VDPH� EDW�KRVW� VSHFLHV�� 7KLV� VXJJHVWV� WKDW� RWKHU� GLUHFW� RU� LQGLUHFW�����

PHFKDQLVPV�PD\�SURPRWH�H[FKDQJH�EHWZHHQ�KRVWV��DQG�WKXV�GULYH�WKH�LQWUDVSHFLILF�GLYHUVLW\�����

RI�Bartonella�REVHUYHG�ZLWKLQ�WKH�1\FWHULELLGDH��7KLV�LV�LQ�FRQWUDVW�ZLWK�RWKHU�PHPEHUV�RI�WKH�����

3XSLSDUD� s.s.�� NHG� IOLHV�� EORRG�VXFNLQJ� YHFWRUV� RI� XQJXODWHV�� DUH� WKRXJKW� WR� IRUP� VWULFW�����

LQWHUDFWLRQV� ZLWK� Bartonella�� ZKLFK� KDYH� UHVXOWHG� LQ� KRVW�VSHFLILF� DVVRFLDWLRQV� ������ 7KH�����

GLIIHUHQFH� EHWZHHQ� WKHVH� WZR� VLWXDWLRQV� LV� OLNHO\� QRW� UHODWHG� WR� YHFWRU� KRVW�VSHFLILFLW\�� DV�����

PHPEHUV� RI� WKH� IDPLO\� +LSSRERVFLGDH� DUH� KLJKO\� DGDSWHG� WR� WKHLU� UHVSHFWLYH� KRVWV� ����������

,QVWHDG��ZH�FDQ�LPDJLQH�WKDW�WKH�HFRORJ\�RI�GLIIHUHQW�EDW�KRVWV�PD\�SURPRWH�WKH�GLYHUVLW\�RI�����

Bartonella�ZLWKLQ� WKH�1\FWHULELLGDH��ZKHUH�KRVW�SRSXODWLRQV� WKDW�PRUH� IUHTXHQWO\�FRPH� LQWR�����



���
�

FRQWDFW�ZLWK�RWKHU�KRVWV�XQGHUJR�PRUH�IUHTXHQW�KRUL]RQWDO�H[FKDQJH��7KLV�PD\�KHOS�H[SODLQ�����

JOREDO�Bartonella� GLYHUVLW\� DV�ZHOO� DV� WKH� SUHYLRXVO\� UHSRUWHG� UHJLRQDO� GLIIHUHQFHV� LQ� KRVW�����

VSHFLILFLW\�EHWZHHQ�Bartonella�DQG�EDWV��VHH�LQWURGXFWLRQ�������

2YHUDOO��D�UHODWLYHO\�ORZ�GLYHUVLW\�RI�EDFWHULD�ZHUH�VHHQ�WR�EH�DVVRFLDWHG�ZLWK�WKH�VWXGLHG�EDW�����

IOLHV� IURP� 0DGDJDVFDU� DQG� WKH� &RPRURV�� ZLWK� WKH� SULQFLSDO� LQIHFWLQJ� WD[D� EHLQJ� WKH�����

(QWHUREDFWHULDOHV�� Bartonella�� DQG� Wolbachia�� 9DU\LQJ� SDWWHUQV� RI� LQWUDVSHFLILF� JHQHWLF�����

GLYHUVLW\�ZHUH�REVHUYHG�EHWZHHQ�WKHVH�PRGHOV��ZKLFK�ZH�H[SODLQ�E\�GLIIHUHQFHV�LQ�WKH�QDWXUH�����

RI� WKH� EDFWHULDO�Q\FWHULELLG� HQGRV\PELRWLF� UHODWLRQVKLS�� WUDQVPLVVLRQ� PRGH�� KRVW�YHFWRU�����

VSHFLILFLW\�� DQG� YDULDWLRQV� LQ� WKH� DVVRFLDWHG� EDW�KRVW� HFRORJ\� �)LJXUH� ���� 7KH� WUDQVPLVVLRQ�����

PRGHV�RI�WKHVH�WKUHH�EDFWHULDO�WD[D�YDU\��ZKLOH�DOO�WKUHH�DUH�WKRXJKW�WR�EH�WUDQVIHUUHG�YHUWLFDOO\�����

IURP�PRWKHU�WR�SXSD�GXULQJ�DGHQRWURSKLF�YLYLSDULW\��RQO\�Bartonella�PD\�EH�WUDQVIHUUHG�LQ�WKH�����

EORRG�RI�WKH�EDW�KRVWV��Bartonella��ZKHUH�WKH�KLJKHVW� OHYHOV�RI�LQWUDVSHFLILF�JHQHWLF�GLYHUVLW\�����

ZHUH� REVHUYHG�� WKXV� KDYH� WKH� RSSRUWXQLW\� IRU� GLUHFW� KRUL]RQWDO� WUDQVIHU� GXH� WR� EDW� IO\� KRVW�����

SURPLVFXLW\�DQG�PD\�DOVR�EH�WUDQVIHUUHG�E\�EDW�KRVW�LQWHUDFWLRQV�WKDW�DUH�LQGHSHQGHQW�RI�WKHVH�����

HFWRSDUDVLWHV�� VXFK� DV� ZLWK� RWKHU� EORRG�IHHGLQJ� YHFWRUV� �H�J�� 6WUHEOLGDH�� PLWHV� RU� IOHDV�� RU�����

KDELWDW� RYHUODS�ZLWK� RWKHU� KRVWV��7KH� IUHTXHQF\� RI� KRUL]RQWDO� WUDQVIHU� RI�Bartonella� LV� WKXV�����
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VDPH�EDW�VSHFLHV�FRXOG�EH�REVHUYHG��VXJJHVWLQJ�WKDW�SUR[LPLW\�OLNHO\�GULYHV�WKH�IUHTXHQF\�RI�����

KRUL]RQWDO�HQGRV\PELRQW�H[FKDQJH������

,Q� FRQFOXVLRQ�� ZKLOH� WKH� JOREDO� EDFWHULDO� FRPPXQLW\� VWUXFWXUH� DVVRFLDWHG� ZLWK� WKH�����
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UHODWLRQVKLSV�EHWZHHQ�PLFURRUJDQLVP�DQG�KRVW��WKH�RULJLQV�DQG�HYROXWLRQ�RI�WKHVH�DVVRFLDWLRQV�����
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LQ������DQG��������Bartonella�DSSHDU�WR�EH�WKH�RQO\�EDFWHULD�ZLWK�NQRZQ�SDWKRJHQLF�SRWHQWLDO�����

WKDW� IRUP� VWULFW� UHODWLRQVKLSV� ZLWK� WKH� WHVWHG� 1\FWHULELLGDH� EDW� IOLHV�� VXJJHVWLQJ� WKDW� WKHVH�����

DUWKURSRGV� PD\� EH� D� WUXH� UHVHUYRLU� RI� Bartonella� LQIHFWLRQ�� 7KH� SUHVHQFH� RI� RWKHU� OLNHO\�����



���
�

SDWKRJHQLF�EDFWHULD�VXFK�DV�Rickettsia�LV�RQO\�DQHFGRWLF��DQG�PD\�HYHQ�UHPDLQ�GHWULPHQWDO�WR�����

WKH� KHDOWK� RI� WKHVH� DUWKURSRGV�� +RZHYHU�� WKHVH� XQLTXH� YHFWRUV� UHPDLQ� IDVFLQDWLQJ� IURP� DQ�����

HSLGHPLRORJLFDO� SRLQW� RI� YLHZ�� GXH� WR� WKH� GLYHUVH� QDWXUH� RI� WKH� LQWHUDFWLRQV� WKDW� WKH\� IRUP������

HVSHFLDOO\�LQ�WURSLFDO�VHWWLQJV������
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DQG�KLJK�WKURXJKSXW��1XFOHLF�$FLGV�5HV�������������������

���� +XVRQ� '+�� %U\DQW� '�� ������ $SSOLFDWLRQ� RI� SK\ORJHQHWLF� QHWZRUNV� LQ�����
HYROXWLRQDU\�VWXGLHV��0RO�%LRO�(YRO�����������������

���� 6WDPDWDNLV� $�� ������ 5$[0/�9,�+3&�� PD[LPXP� OLNHOLKRRG�EDVHG�����
SK\ORJHQHWLF� DQDO\VHV� ZLWK� WKRXVDQGV� RI� WD[D� DQG� PL[HG� PRGHOV������
%LRLQIRUPDWLFV�������������������

���� 'DUULED� '�� 7DERDGD� */�� 'RDOOR� 5�� 3RVDGD� '�� ������ M0RGHO7HVW� ��� PRUH�����
PRGHOV��QHZ�KHXULVWLFV�DQG�SDUDOOHO�FRPSXWLQJ��1DW�0HWKRGV������������



���
�

���� 3DUDGLV�(��&ODXGH�-��6WULPPHU�.��������$3(��$QDO\VHV�RI�3K\ORJHQHWLFV�DQG�����
(YROXWLRQ�LQ�5�ODQJXDJH��%LRLQIRUPDWLFV�����������������

���� 'L[RQ� 3�� ������ 9(*$1�� D� SDFNDJH� RI� 5� IXQFWLRQV� IRU� FRPPXQLW\� HFRORJ\������
-RXUQDO�RI�9HJHWDWLRQ�6FLHQFH�����������������

���� /HJHQGUH�3��'HVGHYLVHV�<��%D]LQ�(��������$�VWDWLVWLFDO� WHVW� IRU�KRVW�SDUDVLWH�����
FRHYROXWLRQ��6\VW�%LRO�����������������

���� .DQJ�<-��'LDR�;1��=KDR�*<��&KHQ�0+��;LRQJ�<��6KL�0��)X�:0��*XR�����
<-�� 3DQ� %�� &KHQ� ;3�� +ROPHV� (&�� *LOOHVSLH� --�� 'XPOHU� 6-�� =KDQJ� <=������
������([WHQVLYH�GLYHUVLW\�RI�5LFNHWWVLDOHV�EDFWHULD�LQ�WZR�VSHFLHV�RI�WLFNV�IURP�����
&KLQD�DQG�WKH�HYROXWLRQ�RI�WKH�5LFNHWWVLDOHV��%0&�(YRO�%LRO�������������

���� =KRX�:��5RXVVHW�)��2
1HLO�6��������3K\ORJHQ\�DQG�3&5�EDVHG�FODVVLILFDWLRQ�����
RI�:ROEDFKLD�VWUDLQV�XVLQJ�ZVS�JHQH�VHTXHQFHV��3URF�%LRO�6FL������������������

���� %DOGR� /�� 'XQQLQJ� +RWRSS� -&�� -ROOH\� .$�� %RUGHQVWHLQ� 65�� %LEHU� 6$������
&KRXGKXU\� 55�� +D\DVKL� &�� 0DLGHQ�0&�� 7HWWHOLQ� +��:HUUHQ� -+�� ����������
0XOWLORFXV�VHTXHQFH�W\SLQJ�V\VWHP�IRU�WKH�HQGRV\PELRQW�:ROEDFKLD�SLSLHQWLV������
$SSO�(QYLURQ�0LFURELRO�������������������

���� %DOGR� /�� /R� 1��:HUUHQ� -+�� ������0RVDLF� QDWXUH� RI� WKH� ZROEDFKLD� VXUIDFH�����
SURWHLQ��-�%DFWHULRO��������������������

���� -LJJLQV� )0�� YRQ� 'HU� 6FKXOHQEXUJ� -+�� +XUVW� *'�� 0DMHUXV� 0(�� ����������
5HFRPELQDWLRQ�FRQIRXQGV�LQWHUSUHWDWLRQV�RI�:ROEDFKLD�HYROXWLRQ��3URF�%LRO�6FL�����
�������������������

���� 'XURQ�2��%RXFKRQ�'��%RXWLQ�6��%HOODP\�/��=KRX�/��(QJHOVWDGWHU�-��+XUVW�����
*'�� ������ 7KH� GLYHUVLW\� RI� UHSURGXFWLYH� SDUDVLWHV� DPRQJ� DUWKURSRGV������
:ROEDFKLD�GR�QRW�ZDON�DORQH��%0&�%LRO�����������

���� 5RV�9,��)OHPLQJ�90��)HLO�(-��%UHHXZHU�-$��������+RZ�GLYHUVH�LV�WKH�JHQXV�����
:ROEDFKLD"� 0XOWLSOH�JHQH� VHTXHQFLQJ� UHYHDOV� D� SXWDWLYHO\� QHZ� :ROEDFKLD�����
VXSHUJURXS�UHFRYHUHG�IURP�VSLGHU�PLWHV��$FDUL��7HWUDQ\FKLGDH���$SSO�(QYLURQ�����
0LFURELRO�������������������

���� :HUUHQ�-+��:LQGVRU�'0��������:ROEDFKLD�LQIHFWLRQ�IUHTXHQFLHV� LQ�LQVHFWV������
HYLGHQFH�RI�D�JOREDO�HTXLOLEULXP"�3URF�%LRO�6FL��������������������

���� $W\DPH�&0��/DEEH�3��5RXVVHW�)��%HML�0��0DNRXQGRX�3��'XURQ�2��'XPDV�����
(�� 3DVWHXU� 1�� %RXDWWRXU� $�� )RUW� 3��:HLOO�0�� ������ 6WDEOH� FRH[LVWHQFH� RI�����
LQFRPSDWLEOH� :ROEDFKLD� DORQJ� D� QDUURZ� FRQWDFW� ]RQH� LQ� PRVTXLWR� ILHOG�����
SRSXODWLRQV��0RO�(FRO�����������������

���� 5D\FKRXGKXU\� 5�� %DOGR� /�� 2OLYHLUD� '&�� :HUUHQ� -+�� ������ 0RGHV� RI�����
DFTXLVLWLRQ� RI� :ROEDFKLD�� KRUL]RQWDO� WUDQVIHU�� K\EULG� LQWURJUHVVLRQ�� DQG�����
FRGLYHUJHQFH�LQ�WKH�1DVRQLD�VSHFLHV�FRPSOH[��(YROXWLRQ�����������������

���� :HUUHQ� -+��%DOGR�/��&ODUN�0(��������:ROEDFKLD��PDVWHU�PDQLSXODWRUV� RI�����
LQYHUWHEUDWH�ELRORJ\��1DW�5HY�0LFURELRO����������������

���� 'LWWPDU�.��0RUVH�6��*UXZHOO�0��0D\EHUU\�-��'L%ODVL�(��������6SDWLDO�DQG�����
WHPSRUDO� FRPSOH[LWLHV� RI� UHSURGXFWLYH� EHKDYLRU� DQG� VH[� UDWLRV�� D� FDVH� IURP�����
SDUDVLWLF�LQVHFWV��3/R6�2QH���H�����������

���� 9D\VVLHU�7DXVVDW� 0�� /H� 5KXQ� '�� %RQQHW� 6�� &RWWH� 9�� ������ ,QVLJKWV� LQ�����
%DUWRQHOOD�KRVW�VSHFLILFLW\��$QQ�1�<�$FDG�6FL�������������������



���
�

���� 3RVSLVFKLO�5��������+LSSRERVFLGDH��/RXVH�)OLHV�.HGV��S�SS������(QF\FORSHGLD�����
RI� 3DUDVLWRORJ\� GRL��������������������������B�������� 6SULQJHU� %HUOLQ�����
+HLGHOEHUJ������

���� 7HOIHU�6��/DPELQ�;��%LUWOHV�5��%HOGRPHQLFR�3��%XUWKH�6��3DWHUVRQ�6��%HJRQ�����
0��������6SHFLHV�LQWHUDFWLRQV�LQ�D�SDUDVLWH�FRPPXQLW\�GULYH�LQIHFWLRQ�ULVN�LQ�D�����
ZLOGOLIH�SRSXODWLRQ��6FLHQFH������������������

���� 0LQDUG�*��7UDQ�)+��'XERVW�$��7UDQ�9DQ�9��0DYLQJXL�3��0RUR�&9������������
3\URVHTXHQFLQJ� ��6� U51$� JHQHV� RI� EDFWHULD� DVVRFLDWHG� ZLWK� ZLOG� WLJHU�����
PRVTXLWR�$HGHV�DOERSLFWXV��D�SLORW�VWXG\��)URQW�&HOO�,QIHFW�0LFURELRO�����������

���� 5HQHVWR� 3�� *RXYHUQHW� -�� 'UDQFRXUW�0�� 5RX[� 9�� 5DRXOW� '�� ������ 8VH� RI�����
USR%�JHQH�DQDO\VLV�IRU�GHWHFWLRQ�DQG�LGHQWLILFDWLRQ�RI�%DUWRQHOOD�VSHFLHV��-�&OLQ�����
0LFURELRO�����������������

���� 'DYLV�0-��<LQJ�=��%UXQQHU�%5��3DQWRMD�$��)HUZHUGD�)+��������5LFNHWWVLDO�����
UHODWLYH�DVVRFLDWHG�ZLWK�SDSD\D�EXQFK\�WRS�GLVHDVH��&XUU�0LFURELRO���������������

����
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)LJXUH�DQG�7DEOH�/HJHQGV������

)LJXUH����+RVW�VSHFLILFLW\�EHWZHHQ�EDWV�DQG�EDW�IOLHV��1\FWHULELLGDH��RQ�WKH�0DGDJDVFDU�DQG�����
WKH�QHDUE\�&RPRURV�$UFKLSHODJR����������

)LJXUH����Wolbachia�1HWZRUN�DQDO\VLV� DQG�JURXS�)�SK\ORJHQ\��7KH�SUHVHQWHG�DQDO\VHV�DUH�����
EDVHG�RQ�FRQFDWHQDWLRQ�RI�WKUHH�JHQH�ORFL��fbpA�ftsZ�hcpA���UHIHUHQFH�GDWD�ZDV�DFTXLUHG�IURP�����
WKH� Wolbachia� 0/67� GDWDEDVH� �KWWS���SXEPOVW�RUJ�ZROEDFKLD���� 7KH� SUHVHQWHG� QHWZRUN�����
VWUXFWXUH�ZDV� JHQHUDWHG� IURP� DOLJQHG� VHTXHQFH� GDWD� LQ� 6SOLWV7UHH�� XVLQJ� WKH�1HLJKERU1HW�����
DOJRULWKP��7KH�SK\ORJHQHWLF� WUHH�ZDV�SURGXFHG�XVLQJ�5D[0/��ERRWVWUDS�VXSSRUW� IURP����������
UHSOLFDWHV� LV� LQGLFDWHG�E\�GRWV�RI�GLIIHUHQW�VL]HV�RQ�HDFK� LQWHUQDO�QRGH��6HTXHQFHV� IURP�WKLV�����
VWXG\� DUH� KLJKOLJKWHG� LQ� UHG�� RUDQJH�� DQG� EOXH�� UHSUHVHQWLQJ� KRVW� RULJLQV� IURP�Cyclopodia ����
dubia�� Basilia� �Paracyclopodia�� VS��� DQG� Penicillidia leptothrinax�� UHVSHFWLYHO\�� $VWHULVNV�����
LQGLFDWH� WKDW� WKH� hcpA UHJLRQ� ZDV� PLVVLQJ� IURP� WKH� VHTXHQFH� GDWD� RULJLQDWLQJ� IURP� P. ����
leptothrinax��+RZHYHU�� LW�VKRXOG�EH�QRWHG� WKDW� LGHQWLFDO��EXW� OHVV�ZHOO�VXSSRUWHG�� WRSRORJLHV�����
ZHUH�JHQHUDWHG�ZKHQ�XVLQJ�RQO\�fbpA�DQG�ftsZ��GDWD�QRW�VKRZQ�������

)LJXUH����(QWHUREDFWHULDOHV�1HWZRUN�'LDJUDP�JHQHUDWHG�IURP���6�JHQH�VHTXHQFH�GDWD��$/2�����
 �Arsenophonus�OLNH�RUJDQLVPV��7KH�SUHVHQWHG�QHWZRUN�VWUXFWXUH�ZDV�JHQHUDWHG�IURP�DOLJQHG�����
VHTXHQFH� GDWD� LQ� 6SOLWV7UHH�� XVLQJ� WKH� 1HLJKERU1HW� DOJRULWKP�� � 7KH� ³Cyclopodia� JURXS´�����
FRQWDLQHG� RQO\� VHTXHQFHV� IURP� WKLV� VWXG\� DQG� UHIHUV� D� QHZO\� LGHQWLILHG� WD[RQ� RI� WKH�����
(QWHUREDFWHULDOHV�� DOO� RULJLQDWLQJ� IURP� C. dubia�� 6HTXHQFHV� XVHG� WR� JHQHUDWH� WKLV�����
UHSUHVHQWDWLRQ�FDQ�EH�IRXQG�LQ�6XSSOHPHQWDU\�7DEOHV���DQG����$OO�VHTXHQFHV�IURP�EDW�IOLHV�LQ�����
WKLV�VWXG\�DUH�LQGLFDWHG�E\�FRORUHG�FLUFOHV��DV�SUHVHQWHG�LQ�WKH�NH\������

)LJXUH� ��� Bartonella� SK\ORJHQ\� EDVHG� RQ� WKH� gltA� ORFXV�� JHQHUDWHG� XVLQJ� ����� ERRWVWUDS�����
UHSOLFDWHV� LQ�5D[0/��'RWV�RQ� LQWHUQDO�QRGHV� UHSUHVHQW�ERRWVWUDS�VXSSRUW�!�������6HTXHQFHV�����
IURP� WKLV� VWXG\�� DQG� VLPLODU� EDW� DQG� EDW� IO\� DVVRFLDWHG� VHTXHQFHV� IURP� RWKHU� VWXGLHV� DUH�����
JURXSHG� LQWR�PRQRSK\OHWLF� JURXSV� E\� FRORU�� %DWV� GUDZQ� RQ� OHDYHV� LQGLFDWH� VHTXHQFHV� WKDW�����
RULJLQDWHG�IURP�EDWV�RU�EDW� IO\�VSHFLPHQV��7KH�NH\��XQGHUQHDWK��GHWDLOV�EDW� IO\�DQG�KRVW�EDW�����
RULJLQV�RI� WKH�DVVRFLDWHG�VHTXHQFHV��$EEUHYLDWLRQV�XVHG�IRU�EDW� IOLHV�DUH��Cy�� �Cyclopodia������
Eu�   Eucampsipoda��P = Penicillidia��N� �Nycteribia� DQG�IRU�EDWV�DUH��Ei�  �Eidolon� Mi�  �����
Miniopterus�� My�  � Myotis� R�  � Rousettus� Sc��  � Scotophilus. 1XPEHUV� LQ� SDUHQWKHVHV�����
LQGLFDWH�LGHQWLFDO�VHTXHQFHV�ZKLFK�ZHUH�JURXSHG�LQWR�RSHUDWLRQDO�WD[RQRPLF�XQLWV�LQ�5D[0/������

)LJXUH����)DFWRUV�DIIHFWLQJ�VSHFLDWLRQ�SDWWHUQV�DQG�PRQR�VSHFLILF�PLFURRUJDQLVP�GLYHUVLW\�IRU�����
GLIIHUHQW�KRVW�DVVRFLDWHG�PLFURRUJDQLVPV������

7DEOH����3ULPHUV�XVHG�LQ�WKLV�VWXG\������

7DEOH� ��� *HQEDQN� DFFHVVLRQ� QXPEHUV� IRU� VHTXHQFHV� JHQHUDWHG� DV� SDUW� RI� WKLV� VWXG\������
*HRJUSDKLFDO�� DUWKURSRG�� DQG� EDW� KRVW� LQIRUPDWLRQ� LV� DOVR� SUHVHQWHG�� DORQJ�ZLWK� ODERUDWRU\�����
DQG�PXVHXP�LGHQWLILHU�FRGHV�IRU�WKH�KRVW�PDPPDO������



���
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7DEOH� ��� (YROXWLRQDU\� FRQJUXHQFH� EHWZHHQ� 1\FWHULELLGDH� DQG� DVVRFLDWHG� EDFWHULD������
&RQJUXHQFH� WHVWLQJ� IRU� Wolbachia� ZDV� QRW� SRVVLEOH� GXH� WR� WKH� SUHVHQFH� RI� RQO\� WKUHH�����
LQGHSHQGHQW�WD[D������

�����













'HVFULSWLRQ� )RUZDUG�3ULPHU� 5HYHUVH�3ULPHU� 5HIHUHQFH�
��6�JHQH�3\URVHTXHQFLQJ� 7$&�**5�$**�&$*�&$*� **$�&7$�&&$�***�7$7�&7$�$7� *HQRVFUHHQ�

��6�JHQH�����ES� $*$�*77�7*$�7&0�7**�&7&�$*� 7$&�**<�7$&�&77�*77�$&*�$&7�7� 3HUVRQDO�FRPPXQLFDWLRQ�
Bartonella�gltA� ***�*$&�&$*�&7&�$7*�*7*�*� $$7�*&$�$$$�$*$�$&$�*7$�$$&�$� �����
Bartonella���6� $*$�*77�7*$�7&0�7**�&7&�$*� 7$&�**<�7$&�&77�*77�$&*�$&7�7� �����
Bartonella rpoB &*&�$77�**&�77$�&77�&*7�$7*� *7$�*$&�7*$�77$�*$$�&*&�7*� �����

(QWHUREDFWHULDOHV���6� ***�77*�7$$�$*7�$&7�77&�$*7�
&*7�

&&7�<7$�7&7�&7$�$$*�*07�7&*�&7*�
*$7�*�

�����

Rickettsia�gltA� **7�777�$7*�7&7�$&7�*&7�7&.�7*� &$7�77&�777�&&$�77*�7*&�&$7�&� �����
Wolbachia�wsp� *7&�&$$�7$5�67*�$7*�$5*�$$$�&� &<*�&$&�&$$�<$*�<5&�757�$$$� �����

Wolbachia�hcpA� �*$$�$7$�5&$�*77�*&7�*&$�$$� *$$�$*7�<5$�*&$�$*<�7&7�*� �����
Wolbachia�fbpA� *&7�*&7�&&5�&77�**<�:7*�$7� &&5�&&$�*$5�$$$�$<<�$&7�$77�&� �����
Wolbachia�ftsZ� $7<�$7*�*$5�&$7�$7$�$$5�*$7�

$*�
�7&5�$*<�$$7�**$�775�*$7�$7� �����

7DEOH����3ULPHUV�XVHG�LQ�WKLV�VWXG\��



,'� 6SHFLHV� +RVW�6SHFLHV� +RVW�,'� &RXQWU\� Bartonella (QWHUREDFWHULDOHV� Rickettsia Wolbachia 

gltA ��6� gltA 16S wsp fbpA ftsZ hcpA 

6&�� Basilia �Paracyclopodia� VS� Scotophilus marovaza )01+�������� 0DGDJDVFDU� .7������� .7������� �� �� .7������� .7������� .7������� .7�������
6&�� Basilia �Paracyclopodia� VS� Scotophilus marovaza )01+�������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
6&�� Basilia �Paracyclopodia� VS� Scotophilus marovaza )01+�������� 0DGDJDVFDU� �� .7������� �� �� .7������� .7������� �� ��
6&�� Basilia �Paracyclopodia� VS� Scotophilus marovaza )01+�������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�E� Basilia �Paracyclopodia� VS� Scotophilus robustus )01+�������� 0DGDJDVFDU� .7������� .7������� �� �� �� �� �� ��
�� Cyclopodia dubia Eidolon dupreanum )01+�������� 0DGDJDVFDU� .7������� .7������� �� �� �� �� �� ��
�� Cyclopodia dubia Eidolon dupreanum 60*�������)01+�������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�� Cyclopodia dubia Eidolon dupreanum 60*�������)01+�������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�� Cyclopodia dubia Eidolon dupreanum 60*�������)01+�������� 0DGDJDVFDU� .7������� .7������� �� �� .7������� .7������� .7������� .7�������
�� Cyclopodia dubia Eidolon dupreanum 60*�������8$'%$������� 0DGDJDVFDU� .7������� .7������� �� �� �� �� �� ��
�� Cyclopodia dubia Eidolon dupreanum 60*�������8$'%$������� 0DGDJDVFDU� .7������� .7������� �� �� .7������� .7������� .7������� .7�������
�� Cyclopodia dubia Eidolon dupreanum 60*�������8$'%$������� 0DGDJDVFDU� .7������� .7������� �� �� �� �� �� ��
�� Cyclopodia dubia Eidolon dupreanum 60*�������8$'%$������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�� Cyclopodia dubia Eidolon dupreanum 60*�������8$'%$������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�F� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������)01+�������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�E� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������8$'%$������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�F� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������8$'%$������� 0DGDJDVFDU� �� �� .7������� �� �� �� �� ��
��� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������8$'%$������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
�F� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������8$'%$������� 0DGDJDVFDU� �� �� .7������� �� �� �� �� ��
�F� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������8$'%$������� 0DGDJDVFDU� �� �� �� .7������� �� �� �� ��
��F� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������8$'%$������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
-��� Eucampsipoda madagascarensis Rousettus madagascariensis 60*�������)01+�������� 0DGDJDVFDU� �� .7������� �� �� �� �� �� ��
-��� Eucampsipoda theodori Rousettus obliviosus 60*������)01+�������� 8QLRQ�RI�WKH�&RPRURV� �� .7������� �� �� �� �� �� ��
-��� Eucampsipoda theodori Rousettus obliviosus 60*�������)01+�������� 8QLRQ�RI�WKH�&RPRURV� �� .7������� �� �� �� �� �� ��
-��� Eucampsipoda theodori Rousettus obliviosus 60*�������)01+�������� 8QLRQ�RI�WKH�&RPRURV� .7������� �� �� �� �� �� �� ��
*5�

�� Nycteribia stylidiopsis Miniopterus gleni 60*�������8$'%$������� 0DGDJDVFDU� .7������� .7������� �� �� �� �� �� ��

*5�
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