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ABSTRACT

Coronavirus Disease 2019(COVID-19) pandemic is caused by a novel viral infec-
tion. The disease was not found to be directly related with adverse pregnancy out-
comes; however, the incidence of fetal distress was shown to be increased in preg-
nancies with COVID-19.This case series aimed to present fetal tachycardia cases 
with accompanying asymptomatic COVID-19. This study reported three women with 
term pregnancies who presented for routine pregnancy follow-up and were detected 
with fetal distress at the basis of fetal tachycardia and delivered through emergency 
C-section. None of them had any chronic disease or the history of close contact. 
The complete blood count and blood serum analyses were normal. All patients were 
diagnosed to have asymptomatic COVID-19,of which one neonate was positive for 
COVID-19. COVID-19 should be considered in fetal tachycardia cases, even in the 
absence of disease symptoms. Fetal distress is an obstetric emergency; therefore, 
the potential threats of COVID-19 should be kept in mind to be able to cope with 
possible adverse maternal and neonatal outcomes. 

Keywords: COVID-19; fetal distress; fetal heart rate; nonreassuring fetal status; 
pregnancy outcomes.

ÖZ

&RURQDYLUXV�+DVWDOÕ÷Õ������&29,'����YLUDO�ND\QDNOÕ�ELU�SDQGHPLGLU�+DVWDOÕ÷ÕQ�ROXP-
VX]�JHEHOLN�VRQXoODUÕ\OD�GR÷UXGDQ�LOLúNLOL�ROPDGÕ÷Õ�VDYXQXOPDNOD�ELUOLNWH�oDOÕúPDODUGD�
&29,'���¶OX�JHEHOLNOHUGH�IHWDO�GLVWUHV�RUDQÕQÕQ�DUWWÕ÷Õ�J|VWHULOPLúWLU�%X�YDND�VHULVLQ-
GH�DVHPSWRPDWLN�&29,'���¶XQ�HúOLN�HWWL÷L�IHWDO�WDúLNDUGL�YDNDODUÕQÕ�VXQPD\Õ�DPDoOD-
GÕN�%X�oDOÕúPDGD�UXWLQ�JHEHOLN�WDNLEL�LoLQ�EDúYXUDQ�YH�WHUP�JHEHOL÷L�RODQ���KDVWDGD�-
IHWDO�WDúLNDUGL�WHPHOLQGH�IHWDO�GLVWUHV�JHOLúWL÷L�WHVSLW�HGLOGL�YH�DFLO�VH]DU\HQ�LOH�GR÷XP�
JHUoHNOHúWLULOGL�*HEHOHUGHQ�KLoELULQLQ�NURQLN�KDVWDOÕ÷Õ�YH\D�&29,'���¶OX�ELU�YDND�LOH�
\DNÕQ�WHPDV�|\N�V��\RNWX�7DP�NDQ�VD\ÕPÕ�YH�NDQ�VHUXPX�DQDOL]OHUL�QRUPDOGL�7�P�
KDVWDODUD�DVHPSWRPDWLN�&29,'����WHúKLVL�NRQXOGX�YH�\HQLGR÷DQODUGDQ���WDQHVLQGH�
GH�&29,'����SR]LWLI�oÕNWÕ�%X�GR÷UXOWXGD�IHWDO�WDúLNDUGL�WHVSLW�HGLOHQ�JHEHOLNOHUGH�KDV-
WDOÕN�VHPSWRPODUÕ�ROPDVD�ELOH�&29,'����LKWLPDOL�DNÕOGD�WXWXOPDOÕGÕU��)HWDO�GLVWUHV�REV-
WHWULN�ELU�DFLOGLU�%X�QHGHQOH�RODVÕ�ROXPVX]�PDWHUQDO�YH�QHRQDWDO�VRQXoODUOD�EDúD�oÕND-
ELOPHN�LoLQ�&29,'���¶XQ�SRWDQVL\HO�WHKGLWOHUL�J|]�|Q�QGH�EXOXQGXUXOPDOÕGÕU�

$QDKWDU�NHOLPHOHU��&29,'�����IHWDO�GLVWUHV��IHWDO�WDúLNDUGL��J�YHQ�YHUPH\HQ�IHWDO�VWD-
WXV��JHEHOLN�VRQXoODUÕ�
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7KH� 6HYHUH� $FXWH� 5HVSLUDWRU\� 6\QGURPH� &RURQDYLUXV���
�6$56�&R9���� LV� D� QRYHO� 51$� YLUXV� WKDW� EHORQJV� WR� FRURQD-
YLULGDH�IDPLO\������,W�LV�WKH�FDXVH�RI�&RURQDYLUXV�'LVHDVH������
�&29,'�����SDQGHPLF��ZKLFK�ZDV�¿UVW�FOHDUO\�LGHQWL¿HG�LQ�:X-
KDQ��&KLQD� LQ�'HFHPEHU� ������7KH� QXPEHU� RI� FDVHV� LV� LQF-
UHDVLQJ�VWHDGLO\��DQG�WKH�VWXGLHV�JDLQ�DFFHOHUDWLRQ�WR�HYDOXDWH�
WKH�PHFKDQLVP�DQG�FOLQLFDO�FRXUVH�RI�WKH�GLVHDVH�DV�ZHOO�DV�WR�
GHYHORS�WKH�WUHDWPHQW�PRGDOLWLHV��

)HWDO� KHDUW� UDWH� VLJQL¿FDQWO\� FKDQJHV� DV� D� UHVSRQVH� WR� WKH�
SURORQJHG�R[\JHQ�GHSULYDWLRQ��7KHUHIRUH�� IHWDO�KHDUW� UDWH�PR-
QLWRUL]DWLRQ�LV�D�FRPPRQO\�XVHG�WRRO�LQ�FOLQLFDO�SUDFWLFH�WR�HYD-
OXDWH� WKH� IHWDO� R[\JHQDWLRQ��)HWDO� GLVWUHVV�PD\�EH�GLDJQRVHG�
DFFRUGLQJ�WR�WKH�FKDQJHV�LQ�IHWDO�KHDUW�EHDW�SDWWHUQV��SRRU�IHWDO�
ELRSK\VLFV�SUR¿OH��DQG�GHWHFWLRQ�RI�PHFRQLXP�LQ�DPQLRWLF�ÀX-
LG��$EQRUPDO�¿QGLQJV�DW�(OHFWURQLF�)HWDO�0RQLWRUL]DWLRQ��()0���
ZKLFK�VKRXOG�EH�LQWHUSUHWHG�DV�QRQ�UHDVVXULQJ�IHWDO�VWDWXV�DUH�
WKH�SUHVHQFH�RI�IHWDO�WDFK\FDUGLD�RU�EUDG\FDUGLD��DQG�SURORQJHG�
RU�UHFXUUHQW�GHFHOHUDWLRQV�������

(YHQ� WKRXJK� WKH�6$56�&R9��� LQIHFWLRQ�KDV�QRW�EHHQ�VKRZQ�
WR�EH�VLJQL¿FDQWO\�UHODWHG�WR�DGYHUVH�SUHJQDQF\�RXWFRPHV�����
����WKH�LQFLGHQFH�RI�IHWDO�GLVWUHVV�ZDV�IRXQG�WR�EH�VLJQL¿FDQWO\�
LQFUHDVHG�LQ�&29,'������������7KH�IHWDO�GLVWUHVV�FDVHV�UHSRU-
WHG� LQ�SUHYLRXV�VWXGLHV�SUHVHQWHG�ZLWK� IHWDO�EUDG\FDUGLD�� ORVV�
RI� EHDW�WR�EHDW� YDULDELOLW\� RU� SHUVLVWHQW� GHFHOHUDWLRQV� ���� ������
,Q� WKLV�FDVH�VHULHV��ZH�DLPHG� WR�SUHVHQW���SUHJQDQFLHV��ZLWK�
DV\PSWRPDWLF�&29,'����DQG�DEVHQFH�RI�FORVH�FRQWDFW�KLVWRU\��
ZKR�GHYHORSHG�IHWDO�GLVWUHVV�ZLWK�IHWDO�WDFK\FDUGLD�WKURXJK�WKH�
FRXUVH�RI�GHOLYHU\��

&DVH���

$����\HDU�ROG�SULPLJUDYLG�SUHJQDQW�ZRPDQ�DW�������ZHHNV�RI�
JHVWDWLRQ�SUHVHQWHG�WR�RXU�REVWHWULFV�RXWSDWLHQW�FOLQLF�IRU�URXWL-
QH�SUHJQDQF\�IROORZ�XS��'XULQJ�WKH�REVWHWULF�H[DPLQDWLRQ��IHWDO�
WDFK\FDUGLD�ZDV�REVHUYHG�LQ�()0�ZLWK�WKH�EDVHOLQH�RI�����EH-
DWV�PLQXWH�DQG�WKH�SDWLHQW�ZDV�KRVSLWDOL]HG�ZLWK�WKH�GLDJQRVLV�
RI�QRQ�UHDVVXULQJ�IHWDO�VWDWXV��7KH�SDWLHQW¶V�ERG\�WHPSHUDWXUH�
ZDV�������&��$UWHULDO�3XOVH��$3��UDWH�ZDV����PLQ��DUWHULDO�V\V-
WROLF�GLDVWROLF�%ORRG�3UHVVXUH��%3��ZDV���������5RXWLQH�EORRG�
ELRFKHPLVWU\� DQDO\VHV� LQFOXGLQJ� DVSDUWDWH� DPLQRWUDQVIHUDVH��
DODQLQH�DPLQRWUDQVIHUDVH��EORRG�XUHD�QLWURJHQ��DQG�FUHDWLQLQH�
OHYHOV�DQG�7K\URLG�)XQFWLRQ�7HVWV� �7)7�� LQFOXGLQJ� WK\URLG�VWL-

PXODWLQJ�KRUPRQH��DQG�WK\UR[LQH�OHYHOV�ZHUH�DW�QRUPDO�UDQJH��
,Q�WHUPV�RI�WKH�&RPSOHWH�%ORRG�&RXQW��&%&��SDUDPHWHUV��ZKLWH�
EORRG� FHOO� FRXQW�ZDV� ��� [����/�� O\PSKRF\WH� FRXQW�ZDV� �����
[����/��SODWHOHW�FRXQW�ZDV�����[����/��KHPRJORELQ� OHYHO�ZDV�
�����J�G/��7KH�&�5HDFWLYH�3URWHLQ� �&53�� OHYHO�ZDV�������J�
G/��8ULQH�DQDO\VLV�ZDV�QRUPDO��7KH�FRQWLQXRXV�()0�UHYHDOHG�
ORVV�RI�EHDW�WR�EHDW�YDULDELOLW\�DQG�SHUVLVWHQW�IHWDO�WDFK\FDUGLD�
ZLWK� WKH� EDVHOLQH� RI� ���� EHDWV�PLQXWH� DQG� WKH� ¿QGLQJV�ZHUH�
HYDOXDWHG� DV� IHWDO� GLVWUHVV��'XH� WR� WKH� FRQWLQXLQJ�&29,'����
SDQGHPLF�� WR�SUHGLFW�DQ\�SRVVLEOH�XQGHVLUHG�FOLQLFDO�RXWFRPH�
IRU� WKH� IHWXV�DQG� WKH�PRWKHU��5HYHUVH�7UDQVFULSWDVH�3RO\PH-
UDVH� &KDLQ� 5HDFWLRQ� �57�3&5�� DQDO\VLV� ZDV� SHUIRUPHG� IRU�
6$56�&R9���WKURXJK�QDVRSKDU\QJHDO�VZDE�VDPSOLQJ�DQG�WKH�
UHVXOW�ZDV� UHSRUWHG� DV� SRVLWLYH� IRU�6$56�&R9����(PHUJHQF\�
&�VHFWLRQ�ZDV�DSSOLHG��$������J�ZHLJKWHG�� IHPDOH� JHQGHUHG�
EDE\�ZDV�ERUQ�ZLWK�$3*$5�VFRUHV�RI���DW��VW�PLQXWH�DQG���DW�
�WK�PLQXWH��2Q�WKH�QHRQDWDO��VW�GD\��WKH�57�3&5�SHUIRUPHG�WK-
URXJK�WKH�QDVRSKDU\QJHDO�VZDE�VDPSOLQJ�RI�WKH�QHZERUQ�ZDV�
QHJDWLYH�IRU�6$56�&R9����7KH�SDWLHQW�DQG�WKH�QHZERUQ�ZHUH�
GLVFKDUJHG�IURP�WKH�KRVSLWDO�RQ�WKH�SRVWSDUWXP��QG�GD\�

Case 2 

$� ���\HDU�ROG� PXOWLSDURXV� SUHJQDQW� ZRPDQ� DW� ��� ZHHNV� RI�
JHVWDWLRQ� DSSOLHG� WR� RXU� REVWHWULFV� HPHUJHQF\� FOLQLF� ZLWK� WKH�
FRPSODLQW�RI�ODERU�SDLQ��,Q�REVWHWULF�HYDOXDWLRQ��SDWLHQW�ZDV�LQ�
WKH�DFWLYH�SKDVH�RI�WKH�ODERU�ZLWK���FP�FHUYLFDO�GLODWDWLRQ������
FHUYLFDO�HIIDFHPHQW��&RQVLGHULQJ�WKH�UDSLG�FRXUVH�RI�WKH�ODERU�
LQ�D�PXOWLSDURXV�SUHJQDQF\��SDWLHQW�ZDV�KRVSLWDOL]HG��7KH�SD-
WLHQW¶V�ERG\�WHPSHUDWXUH�ZDV�������&��$3�ZDV����PLQ��%3�ZDV�
��������5RXWLQH�EORRG�ELRFKHPLVWU\�DQDO\VHV�LQFOXGLQJ�DQG�7)7�
ZHUH�DW�QRUPDO�UDQJH��7KH�&%&�DQG�XULQH�DQDO\VLV�ZHUH�QRU-
PDO��7KH�SDWLHQW�KDG�QR�V\PSWRPV�RU�FRPSODLQWV�RI�&29,'�����
'XULQJ�WKH�FORVH�IROORZ�XS�DW�WKH�GHOLYHU\�URRP��SHUVLVWHQW�IHWDO�
WDFK\FDUGLD�ZDV�REVHUYHG�ZLWK�WKH�EDVHOLQH�RI�����EHDWV�PLQX-
WH�ZLWK�SHUVLVWHQW�ODWH�GHFHOHUDWLRQV�ZLWK�UHJXODU�FRQWUDFWLRQV�LQ�
()0��(PHUJHQF\�&�VHFWLRQ�ZDV�SHUIRUPHG�ZLWK�WKH�LQGLFDWLRQ�
RI�IHWDO�GLVWUHVV��57�3&5�WHVW�ZDV�SHUIRUPHG�DQG�UHVXOWHG�DV�
SRVLWLYH�IRU�6$56�&R9����7KH�SDWLHQW�GHOLYHUHG�D������J�ZHL-
JKWHG��PDOH�JHQGHUHG�EDE\�ZLWK�$3*$5�VFRUHV�RI���DW��VW�PL-
QXWH�DQG���DW��WK�PLQXWH��6$56�&R9���ZDV�QRW�GHWHFWHG�LQ�WKH�
WZR�FRQVHFXWLYH�57�3&5� WHVWV�ZKLFK�ZHUH�SHUIRUPHG� IRU� WKH�
QHRQDWH��DW�WKH�SRVWSDUWXP��VW�DQG��UG�GD\V��7KH�SDWLHQW�DQG�
WKH�QHZERUQ�ZHUH�GLVFKDUJHG�IURP�WKH�KRVSLWDO�RQ�WKH�SRVWSDU-
WXP��UG�GD\�

&DVH��

$� ���\HDU�ROG� PXOWLSDURXV� SUHJQDQW� ZRPDQ� DW� ��� ZHHNV� RI�

,1752'8&7,21
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',6&866,21JHVWDWLRQ� DSSOLHG� WR� RXU� REVWHWULFV� HPHUJHQF\� FOLQLF� ZLWK� WKH�
FRPSODLQW� RI� JURLQ� SDLQ�� 7KH� SDWLHQW� KDG� QRW� DQ\� FRPSODLQW�
FRPSDWLEOH�ZLWK�&29,'�����2EVWHWULF�HYDOXDWLRQ�UHYHDOHG�WKDW�
WKH�SDWLHQW�ZDV� LQ�WKH� ODWHQW�SKDVH�RI� WKH� ODERU��167�VKRZHG�
EHDW�WR�EHDW�YDULDELOLW\�ORVV�LQ�IHWDO�KHDUW�UDWH�PRQLWRUL]DWLRQ�DQG�
PLQLPDO�XWHULQH�FRQWUDFWLRQV�LQ�WRFRJUDSK\��7KH�SDWLHQW¶V�ERG\�
WHPSHUDWXUH�ZDV�������&��$3�ZDV����PLQ��%3�ZDV���������7KH�
EORRG�ELRFKHPLVWU\�DQDO\VHV��&%&��76+��7���IHUULWLQ��&53�DQG�
XULQH�DQDO\VLV�ZHUH�DW�QRUPDO�UDQJH��7KH�&53�ZDV�VOLJKWO\�LQF-
UHDVHG�WR�������J�G/��3DWLHQW�ZDV�KRVSLWDOL]HG�DQG�GXULQJ�WKH�
IROORZ�XS�IRU�ODERU��SHUVLVWHQW�IHWDO�WDFK\FDUGLD�ZDV�REVHUYHG�LQ�
()0�ZLWK�WKH�EDVHOLQH�RI�����EHDWV�PLQ��(PHUJHQF\�&�VHFWLRQ�
ZDV�SHUIRUPHG�ZLWK�WKH�GLDJQRVLV�RI�IHWDO�GLVWUHVV��57�3&5�WHVW�
ZDV�SHUIRUPHG�DQG�UHVXOWHG�SRVLWLYH�IRU�6$56�&R9����7KH�SD-
WLHQW�GHOLYHUHG�D������J�ZHLJKWHG��IHPDOH�JHQGHUHG�EDE\�ZLWK�
$3*$5�VFRUHV�RI���DW��VW�PLQXWH�DQG���DW��WK�PLQXWH��7KH�QHZ-
ERUQ�ZDV�SRVLWLYH�IRU�6$56�&R9���LQ�57�3&5�WHVW��ERWK�RQ�WKH�
SRVWSDUWXP��VW�DQG�WKH��UG�GD\V��7KH�QHZERUQ�ZDV�IROORZHG�XS�
LQ�1HRQDWDO�,QWHQVLYH�&DUH�8QLW��1,&8��WKURXJK�WKH�¿UVW���QHR-
QDWDO�GD\V�GXH�WR�UHVSLUDWRU\�SUREOHPV�DQG�LQ�WKH�QHRQDWRORJ\�
FOLQLF�IRU���GD\��7KH�SDWLHQW�DQG�WKH�QHZERUQ�ZHUH�GLVFKDUJHG�
IURP�WKH�KRVSLWDO�RQ�WKH�SRVWSDUWXP��WK�GD\�

7KH�FOLQLFDO�IHDWXUHV�RI�WKH�FDVHV�DUH�VXPPDUL]HG�LQ�WDEOH����

7DEOH����$�VXPPDU\�SUHVHQWLQJ� WKH� FOLQLFDO� FKDUDFWHULVWLFV�RI�
WKH�FDVHV�

7KH�SUHJQDQW�ZRPHQ�ZKR�KDG�EHHQ�UHSRUWHG�LQ�RXU�FDVH�VHULHV�
KDG�QR�V\PSWRPV�RI�&29,'����GHVSLWH� WKH�SRVLWLYH�57�3&5�
UHVXOWV�IRU�6$56�&R9����7KH�SDWLHQWV�ZHUH�DGPLWWHG�WR�WKH�KRV-
SLWDO� WKURXJK� WKH�XVXDO� FRXUVH�RI� WKH�SUHJQDQF\��7KH� FXUUHQW�
FDVH�VHULHV�LV�LPSRUWDQW�EHFDXVH�LW�LV�WKH�¿UVW�UHSRUW�WR�SUHVHQW�
WKH�IHWDO�GLVWUHVV�FDVHV�GHYHORSHG�DW� WKH�EDVLV�RI� IHWDO� WDFK\-
FDUGLD�LQ�SUHJQDQW�ZRPHQ�ZKR�KDG�QR�V\PSWRPV�RI�&29,'����
RU�FORVH�FRQWDFW�KLVWRU\�ZLWK�SHRSOH�GLDJQRVHG�ZLWK�&29,'�����

)HWDO� GLVWUHVV� LV�DQ� LQGLFDWRU�RI� WKH�SURJUHVVLYH� IHWDO� K\SR[LD�
DQG�RU�DFLGHPLD�WKDW�UHVXOWV�IURP�WKH�WHPSRUDU\�RU�SHUPDQHQW�
LQDGHTXDWH�IHWDO�R[\JHQDWLRQ������7KH�XQGHUO\LQJ�PHFKDQLVPV�
RI�IHWDO�GLVWUHVV�LQ�6$56�&R9���LQIHFWLRQ�PD\�EH�FRQVLGHUHG�DV�
WKH�GLUHFW�HIIHFW�RI�WKH�YLUDO�LQIHFWLRQ�SHU�VH��RU�WKH�SK\VLRORJL-
FDOO\�GHFUHDVHG�WROHUDQFH�WR�K\SR[LD�GXULQJ�ODWH�SUHJQDQF\�WKDW�
EHFRPH�PRUH�SURIRXQG�GXH� WR� WKH� UHVSLUDWRU\� LQYROYHPHQW�RI�
WKH�LQIHFWLRQ���������$Q\�GLVWXUEDQFH�LQ�PDWHUQDO�YDVFXODU�SHUIX-
VLRQ�FRQVHTXHQWO\�GHFUHDVHV�WKH�IHWRSODFHQWDO�R[\JHQ�VXSSO\��
ZKLFK�PD\�UHVXOW�LQ�IHWDO�K\SR[LD��'HFUHDVHG�PDWHUQDO�YDVFXODU�
SHUIXVLRQ�ZDV�VKRZQ�WR�UHVXOW�LQ�SHUVLVWHQW�PXVFXODUL]DWLRQ�RI�
EDVDO�SODWH�DUWHULROHV��YLOORXV�LQIDUFWLRQ��DQG�GLVWDO�YLOORXV�K\SRS-
ODVLD�GXH�WR�WKH�GHWHULRUDWLRQ�RI�LQWHUYLOORXV�R[\JHQ�WHQVLRQ�DQG�
LQFUHDVHG�R[LGDWLYH�VWUHVV���������3ODFHQWDO�SDWKRORJ\�ZDV�QRW�
H[DPLQHG�LQ�RXU�FDVH�VHULHV��KRZHYHU��SUHYLRXV�VWXGLHV�FRQFOX-
GHG�WKDW�DYDVFXODU�YLOOL��LQWHUYLOORXV�RU�VXEFKRULRQLF�¿EULQ�GHSR-
VLWLRQ��DQG�WKURPERWLF�IHWDO�YHVVHOV�DUH�IRXQG�DV�WKH�SUHYDOHQW�
SODFHQWDO�SDWKRORJLFDO�¿QGLQJV�LQ�6$56�&R9������������

)HWDO�GLVWUHVV�LV�FRQVLGHUHG�DV�D�FOLQLFDO�GHWHUPLQDQW�RI�QRQ�UH-
DVVXULQJ�IHWDO�VWDWXV��7KHUH�DUH�V\VWHPDWLF�UHYLHZV�WKDW�UHSRUWHG�
IHWDO�GLVWUHVV�DV�RQH�RI�WKH�PRVW�SUHYDLOLQJ�DGYHUVH�RXWFRPHV�RI�
WKH�&29,'����LQ�SUHJQDQF\���������$FFRUGLQJ�WR�WKH�SUHYLRXV�UH-
SRUWV��WKH�IHWDO�GLVWUHVV�ZDV�GH¿QHG�LQ�SUHJQDQFLHV�FRPSOLFDWHG�
E\�V\PSWRPDWLF�6$56�&R9���LQIHFWLRQ�IRU�DOO�FDVHV�����������,Q�
D�VWXG\�FRQGXFWHG�E\�&KHQ��HW�DO���IHWDO�GLVWUHVV�ZDV�SUHVHQW�LQ�
��RI�WKH���WHUP�SUHJQDQFLHV�SRVLWLYH�IRU�6$56�&R9���LQIHFWLRQ��
%RWK�WKH�SUHJQDQW�ZRPHQ�KDG�WKH�IHYHU�EHWZHHQ������������&��
(PHUJHQF\�&�VHFWLRQ�ZDV�SHUIRUPHG��7KH�QHZERUQV�KDG�$3-
*$5�VFRUHV�RI������LQ��VW�DQG��WK�PLQXWH�DQG�ZHUH�QHJDWLYH�
IRU�6$56�&R9���LQIHFWLRQ��7KHUH�KDG�EHHQ�QR�QHHG�IRU�1,&8�
�����,Q�DQRWKHU�VWXG\��=KX�HW�DO��UHSRUWHG���IHWDO�GLVWUHVV�FDVHV�
LQ�WKHLU�FOLQLFDO�DQDO\VLV�LQFOXGLQJ���SUHJQDQFLHV�ZLWK�&29,'����
WKDW�GHOLYHUHG�DW�WHUP��$OO�WKH�SUHJQDQW�ZRPHQ�KDG�FRPSODLQWV�
DVVRFLDWHG�ZLWK�6$56�&R9��� LQIHFWLRQ�VXFK�DV� IHYHU�� IDWLJXH��
DQG�FRXJK�ZLWKLQ� WKH� ODVW� ����GD\V�XQWLO� GHOLYHU\��(PHUJHQF\�

Case 1 Case 2 Case 3
'ĞƐƚĂƟŽŶĂů�ǁĞĞŬƐ ϯϵ�нϰ ϯϵ ϯϳ

�ŽŵƉůĂŝŶƚ�ĨŽƌ�ŚŽƐƉŝƚĂů�ĂƉƉůǇ
�ŽŶƚƌŽů�ǀŝƐŝƚ�ĨŽƌ�

ƌŽƵƟŶĞ�ƉƌĞŐŶĂŶĐǇ�
ĨŽůůŽǁͲƵƉ

>ĂďŽƌ�ƉĂŝŶ >ĂďŽƌ�ƉĂŝŶ

�Ks/�Ͳϭϵ�ƐǇŵƉƚŽŵƐ�нͬͲ Ͳ Ͳ Ͳ
&ĞƚĂů�ŚĞĂƌƚ�ƌĂƚĞ�ŽŶ��&D

ďĂƐĞůŝŶĞ ϭϲϬ ϭϴϬ ϭϳϬ

ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ >ŽƐƐ�ŽĨ�ǀĂƌŝĂďŝůŝƚǇ
WĞƌƐŝƐƚĞŶƚ�
ůĂƚĞ�ĚĞĐĞůĞͲ
ƌĂƟŽŶƐ

>ŽƐƐ�ŽĨ�ǀĂƌŝͲ
ĂďŝůŝƚǇ

DĂƚĞƌŶĂů�^�Z^Ͳ�ŽsͲϮ�ZdͲW�Z WŽƐŝƟǀĞ WŽƐŝƟǀĞ WŽƐŝƟǀĞ

�ĞůŝǀĞƌǇ�ƌŽƵƚĞ �ŵĞƌŐĞŶĐǇ��ͲƐĞĐƟŽŶ
�ŵĞƌŐĞŶĐǇ�
�ͲƐĞĐƟŽŶ

�ŵĞƌŐĞŶĐǇ�
�ͲƐĞĐƟŽŶ

�ŝƌƚŚǁĞŝŐŚƚ�grams ϯϰϭϱ ϯϭϰϬ ϯϬϱϬ
�W'�Z�ƐĐŽƌĞƐ�1st - 5th minute ϳͲϵ ϲͲϴ ϱͲϲ
EĞŽŶĂƚĂů�^�Z^Ͳ�ŽsͲϮ�ZdͲW�Z EĞŐĂƟǀĞ EĞŐĂƟǀĞ WŽƐŝƟǀĞ

EĞĞĚ�ĨŽƌ�E/�h Ͳ Ͳ

н

E/�h�ĂĚͲ
ŵŝƐƐŝŽŶ�ĨŽƌ�
ƌĞƐƉŝƌĂƚŽƌǇ�
ƉƌŽďůĞŵƐ͘

�ŝƐĐŚĂƌŐĞĚ�
Ăƚ�ƉŽƐƚƉĂƌͲ
ƚƵŵ�ϱƚŚ�ĚĂǇ͘

�Ks/�Ͳϭϵ͗��ŽƌŽŶĂǀŝƌƵƐ�ĚŝƐĞĂƐĞͲϮϬϭϵ͖��&D͗��ůĞĐƚƌŽŶŝĐ�ĨĞƚĂů�ŵŽŶŝƚŽͲ
ƌŝǌĂƟŽŶ͖�^�Z^Ͳ�ŽsͲϮ�ZdͲW�Z͗�dŚĞ�ƐĞǀĞƌĞ�ĂĐƵƚĞ�ƌĞƐƉŝƌĂƚŽƌǇ�ƐǇŶĚƌŽŵĞ�ĐŽƌŽͲ
ŶĂǀŝƌƵƐͲϮ�ƌĞǀĞƌƐĞ�ƚƌĂŶƐĐƌŝƉƚĂƐĞ�ƉŽůǇŵĞƌĂƐĞ�ĐŚĂŝŶ�ƌĞĂĐƟŽŶ͖�E/�h͗�EĞŽŶĂƚĂů�
ŝŶƚĞŶƐŝǀĞ�ĐĂƌĞ�ƵŶŝƚ͘



-LQHNRORML���2EVWHWULN�YH�1HRQDWRORML�7ÕS�'HUJLVL�������9ROXPH�����6D\Õ��

1679

&21&/86,21

5()(5(1&(6

&�VHFWLRQ�ZDV�SHUIRUPHG��1RQH�RI� WKH�QHRQDWHV�KDG�SRVLWLYH�
3&5�UHVXOWV�IRU�6$56�&R9���LQIHFWLRQ��KRZHYHU����RI�WKH�QHR-
QDWHV�ZLWK�IHWDO�GLVWUHVV�KDG�SXOPRQDU\�FRPSOLFDWLRQV�LQFOXGLQJ�
UHVSLUDWRU\�GLVWUHVV�V\QGURPH�DQG�QHHG�1,&8������7KHUH�LV�RQO\�
RQH�FDVH�WKDW�SUHVHQWHG�ZLWK�DQ�DV\PSWRPDWLF�&29,'����SUHJ-
QDQF\�WKDW�UHVXOWHG�LQ�IHWDO�GLVWUHVV��+RZHYHU��WKH�SDWLHQW�KDG�
WKH�KLVWRU\�RI�P\DOJLD�DQG�IHYHU�FRQWLQXLQJ�IRU�D� IHZ�GD\V�XS�
WR�WKH�GDWH�RI�DGPLVVLRQ�DQG�WKH�IHWDO�GLVWUHVV�ZDV�GH¿QHG�DV�
SHUVLVWHQW�IHWDO�EUDG\FDUGLD��7KH�SDWLHQW�DOVR�KDG�WKH�FRPSODLQW�
RI�GHFUHDVHG�IHWDO�PRYHPHQWV�IRU�WKH�ODVW�WZR�GD\V��(PHUJHQF\�
&�VHFWLRQ�ZDV�SHUIRUPHG��(YHQ�WKRXJK�WKH�QHRQDWH�ZDV�QHJD-
WLYH�IRU�6$56�&R9���LQIHFWLRQ��1,&8�ZDV�QHHGHG�GXH�WR�UHVSL-
UDWRU\�GLVWUHVV�V\QGURPH�����

,Q� SUHYLRXV� SXEOLFDWLRQV�� 6$56�&R9��� SRVLWLYLW\� LQ� QHRQDWHV�
RI� WKH�SUHJQDQW�ZRPHQ�ZLWK�&29,'����KDV�EHHQ�VKRZQ� LQ�D�
QXPEHU�RI�FDVHV��$QJLRWHQVLQ�FRQYHUWLQJ�HQ]\PH���UHFHSWRUV�
VHHP�DV�HVVHQWLDO�LQ�WUDQVPLVVLRQ��DQG�LQIHFWLRQ�SURFHVVHV�RI�
6$56�&R9���DQG�DUH�KLJKO\�H[SUHVVHG�RQ� WKH�SODFHQWDO�PD-
WHUQDO�IHWDO� LQWHUIDFH� FHOOV� ������ +RZHYHU�� WKHUH� KDV� QRW� EHHQ�
DQ\�GLUHFW�HYLGHQFH�RU�FOHDUO\�GH¿QHG�PHFKDQLVP��ZKLFK�PD\�
H[SODLQ�WKH�YHUWLFDO�WUDQVPLVVLRQ�RU�WKH�WUDQVPLVVLRQ�GXULQJ�WKH�
GHOLYHU\��$OWKRXJK�WKHUH�ZDV�D�WHQGHQF\�WR�SUHIHU�&�VHFWLRQ�DV�
D�GHOLYHU\�PHWKRG� IRU�SUHJQDQW�ZRPHQ�ZLWK�&29,'����� WKHUH�
KDV�EHHQ�DOVR�QR�VXI¿FLHQW�GDWD�ZKLFK�FRXOG�EH�DFFHSWHG�DV�
HYLGHQFH�WR�GHWHUPLQH�ZKHWKHU�WKH�YDJLQDO�GHOLYHU\�RU�WKH�&�VH-
FWLRQ�VKRXOG�EH�FRQVLGHUHG�DV�VXSHULRU�WR�WKH�RWKHU�RQH����������
7KH�PRGH�RI� WKH�GHOLYHU\�ZDV�&�VHFWLRQ� IRU�DOO� WKUHH�SDWLHQWV�
LQ�RXU�FDVH�VHULHV��%HVLGHV��RQH�RI�WKH�QHRQDWHV�ZDV�GHWHFWHG�
DV�SRVLWLYH�IRU�6$56�&R9���LQ�WKH�UHSHDWHG�3&5�UHVXOWV�DW�WKH�
�VW�DQG��UG�QHRQDWDO�GD\V�� ,W� LV�QRW�SRVVLEOH� WR�FOHDUO\�GH¿QH�
ZKHWKHU�WKLV�QHZERUQ�ZDV�LQIHFWHG�ZLWK�6$56�&R9���WKURXJK�
WKH�YHUWLFDO�WUDQVPLVVLRQ�RU�GXULQJ�WKH�GHOLYHU\��

)HWDO� GLVWUHVV� LV� DQ� HPHUJHQW� REVWHWULF� FRQGLWLRQ� DQG� VKRXOG�
EH�PHWLFXORXVO\�PDQDJHG��7KH�SRWHQWLDO�WKUHDWV�RI�WKH�6$56�
&R9���LQIHFWLRQ�RQ�IHWDO�ZHOO�EHLQJ�VKRXOG�EH�NHSW� LQ�PLQG��,Q�
WKLV� UHVSHFW�� 6$56�&R9��� LQIHFWLRQ� VKRXOG� EH� FRQVLGHUHG� LQ�
FDVH� RI� IHWDO� WDFK\FDUGLD� HYHQ� LQ� SUHJQDQFLHV� DV\PSWRPDWLF�
IRU�&29,'���� WR� EH�DEOH� WR� FRSH�ZLWK� DGYHUVH�PDWHUQDO� DQG�
QHRQDWDO�RXWFRPHV�

(WKLFDO�6WDWXV
7KH�VWXG\�ZDV�GHVLJQHG�WR�SUHVHQW�WKH�UHSRUWV�RI�WKUHH�FDVHV��
WKHUHIRUH��,QVWLWXWLRQDO�5HYLHZ�%RDUG�DSSURYDO�ZDV�QRW�UHTXLUHG�

GXH� WR� WKH�QDWXUH�RI� WKH�VWXG\��:ULWWHQ� LQIRUPHG�FRQVHQW�ZDV�
REWDLQHG�IURP�DOO�LQGLYLGXDO�SDUWLFLSDQWV�DQG�WKH�FDVHV�ZHUH�UH-
SRUWHG�DFFRUGLQJ�WR�WKH�UXOHV�RI�+HOVLQNL�'HFODUDWLRQ�GHYHORSHG�
E\�7KH�:RUOG�0HGLFDO�$VVRFLDWLRQ��

6WDWH�)LQDQFLDO�'LVFODLPHU�&RQÁLFW�RI�,QWHUHVW
7KHUH� LV� QR� SHUVRQ� RU� RUJDQL]DWLRQ� WKDW� VXSSRUWHG� WKH� VWXG\�
¿QDQFLDOO\��7KH�DXWKRUV�GHFODUHG�QR�FRQÀLFW�RI�LQWHUHVWV�

$FNQRZOHGJHPHQWV
1RQH�

��� <DQJ�=��:DQJ�0��=KX�=��/LX�<��&RURQDYLUXV�GLVHDVH�
������&29,'�����DQG�SUHJQDQF\��D�V\VWHPDWLF�UHYLHZ��-�0D-
WHUQ�)HWDO�1HRQDWDO�0HG�����������

��� *UDYHWW�&��(FNHUW�/2��*UDYHWW�0*��'XGOH\�'-��6WULQ-
JHU�(0��0XMREX�7%�� HW� DO��1RQ�UHDVVXULQJ� IHWDO� VWDWXV��&DVH�
GH¿QLWLRQ�	�JXLGHOLQHV�IRU�GDWD�FROOHFWLRQ��DQDO\VLV��DQG�SUHVHQ-
WDWLRQ�RI�LPPXQL]DWLRQ�VDIHW\�GDWD��9DFFLQH�������������������
���

��� (URO�.RF�(0��)LQGLN�5%��$NND\D�+��.DUDGDJ�,��7RND-
OÕR÷OX�(2��7HNLQ�20��&RPSDULVRQ�RI�KHPDWRORJLFDO�SDUDPHWHUV�
DQG�SHULQDWDO�RXWFRPHV�EHWZHHQ�&29,'����SUHJQDQFLHV�DQG�
KHDOWK\�SUHJQDQF\�FRKRUW��-�3HULQDW�0HG����������������������

��� $VKUDI� 0$�� .HVKDYDU]� 3�� +RVVHLQSRXU� 3�� (UIDQL� $��
5RVKDQVKDG�$��3RXUGDVW�$��HW�DO��&RURQDYLUXV�'LVHDVH������
�&29,'������$�6\VWHPDWLF�5HYLHZ�RI�3UHJQDQF\�DQG�WKH�3RVVL-
ELOLW\�RI�9HUWLFDO�7UDQVPLVVLRQ��-�5HSURG�,QIHUWLO�����������������
���

��� =KX�+��:DQJ� /�� )DQJ�&�� 3HQJ�6�� =KDQJ� /�� &KDQJ�
*��HW�DO��&OLQLFDO�DQDO\VLV�RI����QHRQDWHV�ERUQ�WR�PRWKHUV�ZLWK�
�����Q&R9�SQHXPRQLD��7UDQVO�3HGLDWU������������������

��� &KHQ� +�� *XR� -�� :DQJ� &�� /XR� )�� <X� ;�� =KDQJ� :��
HW� DO�� &OLQLFDO� FKDUDFWHULVWLFV� DQG� LQWUDXWHULQH� YHUWLFDO� WUDQV-
PLVVLRQ� SRWHQWLDO� RI� &29,'���� LQIHFWLRQ� LQ� QLQH� SUHJQDQW�
ZRPHQ�� D� UHWURVSHFWLYH� UHYLHZ� RI� PHGLFDO� UHFRUGV�� /DQFHW��
�����������������������

��� 'XFVD\�&$��*R\DO�5��3HDUFH�:-��:LOVRQ�6��+X�;4��
=KDQJ� /�� *HVWDWLRQDO� +\SR[LD� DQG� 'HYHORSPHQWDO� 3ODVWLFLW\��
3K\VLRO�5HY����������������������

��� 1J�:)��:RQJ�6)��/DP�$��0DN�<)��<DR�+��/HH�.&��
HW� DO�� 7KH� SODFHQWDV� RI� SDWLHQWV� ZLWK� VHYHUH� DFXWH� UHVSLUD-
WRU\� V\QGURPH�� D� SDWKRSK\VLRORJLFDO� HYDOXDWLRQ�� 3DWKRORJ\��
�����������������
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��� 6FKRHQPDNHUV�6��6QLMGHU�3��9HUGLMN�5��.XLNHQ�7��.DP-
SKXLV�6��.RRSPDQ�/��HW�DO��6$56�&R9���SODFHQWDO�LQIHFWLRQ�DQG�
LQÀDPPDWLRQ�OHDGLQJ�WR�IHWDO�GLVWUHVV�DQG�QHRQDWDO�PXOWL�RUJDQ�
IDLOXUH�LQ�DQ�DV\PSWRPDWLF�ZRPDQ��-�3HGLDWULF�,QIHFW�'LV�6RF��
�������������������

���� 6KDUSV�0&��+D\HV�'-/��/HH�6��=RX�=��%UDG\�&$��$O-
PRJKUDEL�<��HW�DO��$�VWUXFWXUHG�UHYLHZ�RI�SODFHQWDO�PRUSKRORJ\�
DQG�KLVWRSDWKRORJLFDO�OHVLRQV�DVVRFLDWHG�ZLWK�6$56�&R9���LQ-
IHFWLRQ��3ODFHQWD�����������������

���� /L� 0�� &KHQ� /�� =KDQJ� -�� ;LRQJ� &�� /L� ;�� 7KH� 6$56�
&R9��� UHFHSWRU� $&(�� H[SUHVVLRQ� RI� PDWHUQDO�IHWDO� LQWHUIDFH�
DQG�IHWDO�RUJDQV�E\�VLQJOH�FHOO�WUDQVFULSWRPH�VWXG\��3/R6�2QH��
�����������H��������

���� =DPDQL\DQ�0��(EDGL�$��$JKDMDQSRRU�6��5DKPDQL�=��
+DJKVKHQDV�0��$]L]L�6��3UHWHUP�GHOLYHU\��PDWHUQDO�GHDWK��DQG�
YHUWLFDO�WUDQVPLVVLRQ�LQ�D�SUHJQDQW�ZRPDQ�ZLWK�&29,'����LQIH-
FWLRQ��3UHQDW�'LDJQ������������������������


