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�H�LH����WLFOH -RXUQDO�RI�%LRFKHPLVWU��DQG�%LRSK�VLFV
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6LFNOH�&HOO��LVHDVH����5HYLH�

�EKLVK�HWD�6D�HQD���6DFKLQ�&��1DU�DGL�D�

�EVWUDFW

6LFNOH�&HOO� 'LVHDVH� �6&'�� LV� D� KHPRJORELQ� GLVRUGHU� WKDW� UHTXLUHV� OLIHORQJ� PDQDJHPHQW� DQG�
FRQWULEXWHV� WR�LQIDQW��FKLOGKRRG�DV�ZHOO�DV�DGXOW�PRUELGLW��DQG�PRUWDOLW���6&'�LV�D�ZLGHVSUHDG�
GLVHDVH� FKDUDFWHUL]HG�E�� D�YDULDWLRQ� LQ� WKH� EHWD�JORELQ� JHQH� WKDW� UHVXOWV� LQWR� WKH�SURGXFWLRQ� RI�
DEHUUDQW�KHPRJORELQ�FDOOHG�KHPRJORELQ�6��7KH�LQKHULWDQFH�RI�WKH�PXWDWLRQ�FRXOG�EH�KRPR]�JRXV�
RU� KHWHUR]�JRXV� FRPELQHG� ZLWK� DQRWKHU� KHPRJORELQ� PXWDWLRQ�� 6&'� FDQ� EH� LGHQWLILHG� E�� WKH�
SUHVHQFH�RI�GHQVH��VLFNOHG�FHOOV�WKDW�JURXQGV�IRU�KDHPRO�VLV�RI�EORRG�FHOOV��FKURQLF�DQHPLD��DFXWH�
SDLQIXO� RFFXUUHQFH�� ERG�� SDUW� DOWHUDWLRQ�� DQG� LQ�PDQ�� FDVHV� GHDWK�� (DUO�� GHWHFWLRQ�GLDJQRVLV�
RI�6&'�FDQ�KHOS�WR�UHGXFH�WKH�PRUWDOLW��DQG�PDQDJHPHQW�RI�WKH�GLVHDVH�HIIHFWLYHO���0LOOLRQV�RI�
SHRSOH�ZRUOGZLGH�DUH�LPSDFWHG�E��WKLV�SUHYDOHQW�LQKHULWHG�EORRG�GLVRUGHUV��ZKLFK�LQFOXGH�VLFNOH�
FHOO�GLVHDVH�DQG�LWV�YDULDWLRQV��6LFNOH�&HOO�GLVHDVH�UHVXOWV�LQ�D�PDUNHGO��UHGXFHG�OLIH�H[SHFWDQF���
SDUWLFXODUO��LQ�,QGLD�V�WULEDO�SHRSOH��7KH�UHYLHZ�VWXG��KHUH�H[SODLQ�DQ�RYHUYLHZ�RI�WKH�LQKHULWDQFH��
VHYHULW���SDWKRJHQHVLV��SUHVHQW�GD��DQG�HPHUJHQW�WHFKQLTXHV�IRU�6&'�GHWHFWLRQ�DQG�KLJKOLJKWV�WKH�
GLIIHUHQW�QDWLRQDO���,QWHUQDWLRQDO�SURJUDPV�IRU�WKH�HOLPLQDWLRQ�RI�GLVHDVH�IURP�WKH�SRSXODWLRQ�

.H��RUGV��6LFNOH�FHOO�DQHPLD��6&'��+HPRJORELQRSDWKLHV��'HWHFWLRQ��'LDJQRVLV��3RLQW�RI�FDUH��
1DWLRQDO�3URJUDP��(OLPLQDWLRQ�

�R��WR�FLWH�WKLV�DUWLFOH�

$EKLVKZHWD�6D[HQD��6DFKLQ�&�1DUZDGL�D��6LFNOH�&HOO�'LVHDVH��$�UHYLHZ�6WXG���5)3�-RXU��RI�%LR��DQG�%LRSK���
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��WKRU�V� �IILOLDWLRQ�� �6FLHQWLVW� ¶&��� �6FLHQWLVW�
�'��� 'HSDUWPHQW� RI� +HDOWK� 5HVHDUFK�� 9LJ�DQ� 3UDVDU�
&���4XWXE� ,QVWLWXWLRQDO� $UHD�� 1HZ� 'HOKL� ��������
,QGLD�

&RUUHVSRQGLQJ� ��WKRU�� 6DFKLQ� &�� 1DU�DGL�D��
6FLHQWLVW� �'���'HSDUWPHQW�RI�+HDOWK�5HVHDUFK��9LJ�DQ�
3UDVDU� &���4XWXE� ,QVWLWXWLRQDO� $UHD�� 1HZ� 'HOKL�
��������,QGLD�

(�PDLO��VQDUZDGL�D#JPDLO�FRP

5HFHLYHG������������� �������FFHSWHG������������

,1752�8&7,21

%lood�is�a�special��uid�in�the�body�that�consists�
RI� IRXU� PDLQ� FRPSRQHQWV�� SODVPD�� UHG� EORRG�

FHOOV��ZKLWH�EORRG�FHOOV�DQG�SODWHOHWV��+HPRJORELQ�
�+E��LV�D�SURWHLQ�PROHFXOH�IRXQG�LQ�UHG�EORRG�FHOOV�
�5%&V�� WKDW� FDUU�� R[�JHQ� DQG� SURYLGH� UHG� EORRG�

WKURXJKRXW�RXU�ERG���1RUPDO�UHG�EORRG�FHOOV�DUH�
biconcave,�have�no�nucleus,�and�are��exible,�which�
KHOSV�WKHP�PRYH�HDVLO��WKURXJK�WKH�VPDOOHVW�EORRG�
YHVVHOV�FDOOHG�FDSLOODULHV��6LFNOH�FHOO�GLVHDVH�LV�D�UHG�
EORRG� FHOO� GLVHDVH� FDXVHG� E�� D� JHQHWLF� PXWDWLRQ�
WKDW� FDXVHV� DW�SLFDO� KHPRJORELQ� SURGXFWLRQ�� 7KLV�
FDXVHV�UHG�EORRG�FHOOV� WR� ORVH� WKHLU�QRUPDO�VKDSH��
WDNH�RQ�D�&�VKDSH�OLNH�D�YLUXV�RU�FUHVFHQW��DQG�IDOO�
RII� HDVLO��� 7KHVH� WRXJK�� VWLFN�� FHOOV� FDQ� JHW� VWXFN�
LQ� VPDOO� EORRG� YHVVHOV� DQG� EORFN� WKHP�� VORZLQJ�
or�blocking�the��ow�of�blood�and�oxygen�to�some�
SDUWV� RI� WKH� ERG��� ,W� LV� RQH� RI� WKH�PRVW� FRPPRQ�
PRQRJHQLF� GLVHDVHV� ZRUOGZLGH� ZLWK� DXWRVRPDO�
UHFHVVLYH�LQKHULWDQFH��5HHV��'&�������

6LFNOH�FHOO�V�QGURPH�LV�FRPPRQ�DQG�DIIHFWV�����
RI�ELUWKV�ZRUOGZLGH��6LFNOH�FHOO�GLVHDVH��6&'�� LV�D�
JHQHWLF� GLVHDVH� FDXVHG� E�� PXWDWLRQV� LQ� WKH� JHQH�
HQFRGLQJ�KHPRJORELQ�EHWD�VXEXQLW��+%%��WKDW�FDQ�
lead� to� sickle� cell� anemia� (SCA),�HbSC,�or�HbSβ-
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SURSHUO�� DQG� ZRUN� WRJHWKHU� WR� SURGXFH� QRUPDO�
KHPRJORELQ�IRU�KXPDQ�FKLOGUHQ�DQG�DGXOWV��:KHQ�
KHPRJORELQ�LV�QRW�SURSHUO��UHSODFHG�ZLWK�QRUPDO�
KHPRJORELQ� �+E$���D� SHUVRQ�PD��EHFRPH�VLFN� RU�
LOO��,I�QRUPDO�KHPH��+E$��LV�UHSODFHG�E��DEQRUPDO�
KHPRJORELQ�� WKH� SHUVRQ� PD�� EHFRPH� VLFN� RU� LOO��
6LFNOH�KHPRJORELQ��+E6��LV�WKH�UHVXOW�RI�PXWDWLRQV�
in� the� β-globin� chain.� If� only� one� beta� globin�
VXEXQLW� LV� DIIHFWHG�� WKH� SHUVRQ� KDV� D� JRRG� WKLQJ��
DQG� LI�ERWK�DUH�DIIHFWHG�� WKH�SHUVRQ�KDV�VLFNOH�FHOO�
GLVHDVH��3DWLHQWV�ZLWK�FDQFHU�LQKHULW�+E6�IURP�RQH�
SDUHQW� DQG� +E$� IURP� WKH� RWKHU� SDUHQW�� PDNLQJ�
WKHP�KHWHUR]�JRXV�DQG�FDXVLQJ�WKH�GLVHDVH��3HRSOH�
ZLWK� FDQFHU� LQKHULW� WZR� +E6� JHQHV� IURP� WKHLU�
SDUHQWV��PDNLQJ� WKHP�KRPR]�JRXV�� 6RPHWLPHV� D�
SHUVRQ�FDQ�JHW�WKH�EHWD�WKDODVVHPLD�JHQH�IURP�RQH�
SDUHQW�DQG�WKH�FDQFHU�JHQH�IURP�WKH�RWKHU�SDUHQW����
7KLV�LV�RIWHQ�FDOOHG�VLFNOH�FHOO�DQHPLD�GLVHDVH�DQG�
LV�XVXDOO��WKH�PRVW�VHYHUH�IRUP�RI�WKH�GLVHDVH��2QH�
SDUHQW�DQG�RQH�JHQH�IRU�EHWD�WKDODVVHPLD��DQRWKHU�
W�SH�RI�KHPRJORELQRSDWK����3HRSOH�ZLWK�+E6�EHWD�
WKDODVVHPLD�RIWHQ�KDYH�VHYHUH�6&'��

(3,�(0,2/2��

6LFNOH�FHOO�WUDLW��6&7��LV�PRUH�FRPPRQ�LQ�SHRSOH�
RI�$IULFDQ�GHVFHQW�DQG� LQ�SHRSOH�ZKRVH�DQFHVWRUV�
FDPH�IURP�WURSLFDO�DQG�VXEWURSLFDO�UHJLRQV�ZKHUH�
PDODULD� LV� FRPPRQ�� ,Q� WKH�8QLWHG� 6WDWHV�� �����RI�
ZKLWHV� DQG����RI�$IULFDQ�$PHULFDQV� KDYH�EUHDVW�
FDQFHU� �*LEVRQ� -6�� ������� $SSUR[LPDWHO�� ����
PLOOLRQ�SHRSOH�ZRUOGZLGH�KDYH� WKLV�GLVHDVH��ZLWK�
VXE�6DKDUDQ� $IULFD� DFFRXQWLQJ� IRU� RQH�WKLUG� RI�
WKLV�QXPEHU��(O�$ULVV�$%���������6LFNOH�FHOO�WUDLW�LV�
PRUH�FRPPRQ�LQ�DUHDV�ZKHUH�PDODULD�LV�FRPPRQ��
$FFRUGLQJ� WR� D� VWXG��� WKH� SUHYDOHQFH� RI� 6&7� FDQ�
UHDFK� ���� LQ� VRPH� $IULFDQ� FRXQWULHV� DQG����� LQ�
6DXGL�$UDELD��6&7�DQG�GLVHDVH�SUHYDOHQFH�DUH�OLNHO��
WR�LQFUHDVH�LQ�WKH�ZHVWHUQ�SDUW�RI�WKH�ZRUOG�GXH�WR�
ODUJH�PLJUDWLRQ�RI�SHRSOH�IURP�KLJK�GLVHDVH�EXUGHQ�
UHJLRQV�VXFK�DV�$IULFD�DQG�WKH�0LGGOH�(DVW��5RJHUV�
=5���������0DQ��SHRSOH�KDYH�EHHQ�H[DPLQHG�LQ�,QGLD�
DQG�DFFRUGLQJ�WR�YDULRXV�VWXGLHV��WKH�VWDWHV�ZKHUH�
6&'�LV�IRXQG�DUH��*XMDUDW��5DMDVWKDQ��8WWDUDNKDQG��
0DKDUDVKWUD�� %LKDU�� -KDUNKDQG��0DGK�D�3UDGHVK��
&KKDWWLVJDUK�� 2GLVKD�� :HVW� %HQJDO�� 7DPLO� 1DGX��
7HODQJDQD�� $QGKUD� 3UDGHVK�� .DUQDWDND�� .HUDOD��
6WDWHV�� 8WWDU� 3UDGHVK� DQG�$VVDP�� 7KH�+E6� DOOHOH�
IUHTXHQF�� YDULHV� EHWZHHQ� ������ DQG� ������� WKH�
β-thalassemia�allele�frequency�varies�between�0.005�
DQG�������� DQG�DSSUR[LPDWHO�� ������ LV� DVVRFLDWHG�
with� iron� de�ciency.� (Information� from�Ministry�
RI�7ULEDO�$IIDLUV����$&6���DVHSWLF�QHFURVLV�RI�ERQHV��
PLFURLQIHFWLRQV� LQ� WKH� VSOHHQ�� EUDLQ� DQG� NLGQH�V��
GLVHDVH��SDUDO�VLV�DQG�SK�VLFDO�GDPDJH�WR�YDULRXV�

WKDODVVHPLD��.DWR�*-���������3XEOLF�KHDOWK�LQ�,QGLD�
LV� D� PDMRU� FKDOOHQJH�� HVSHFLDOO�� IRU� WULEDO� SHRSOH�
�&RODK�5%���������6&'�LV�FKDUDFWHUL]HG�DV�D�VRPDWLF�
FKURPRVRPDO� GLVRUGHU�� +HPRJORELQ� �+E6�� DOOHOH�
βS� is� a� hemoglobin� subunit� β� allele� in� which� an�
DGHQLQH�WK�PLQH� PXWDWLRQ� LQ� WKH� VL[WK� FRGRQ� RI�
β-globin�leads�to�glutamate�substitution�at�position�
6�in�the�β-globin�chain�with�Amino�acid�replacement�
WR�YDOHULQ��$OWKRXJK�FDXVHG�E��FKDQJHV�LQ�FRQWH[W��
its� symptoms� are� also� in�uenced� by� behavior�
DQG� HQYLURQPHQW� �5HHV�'&�� ������� ,W� LV� D� FKURQLF�
GLVHDVH�WKDW�YDULHV�LQ�VHYHULW��DQG�UHTXLUHV�OLIHORQJ�
WUHDWPHQW��%URXVVH�9����������8QGHU����HDUV�RI�DJH��
6LFNOH�FHOO�DQHPLD�UDQNV���WK�DPRQJ�DOO�FDXVHV�RI�
GHDWK�� 7KH� KLJKHVW� EXUGHQ� RI� 6&'� LV� UHSRUWHG� LQ�
:HVWHUQ� DQG� 6XE�6DKDUDQ�$IULFD� DQG� ,QGLD� �*%'�
����� 6LFNOH� &HOO� 'LVHDVH� &ROODERUDWLYHV�� �������
6&'� LV�PRUH� FRPPRQ�DFURVV� HWKQLF� JURXSV��ZLWK�
D� SUHYDOHQFH� RI� ������� �&RODK� 5%�� ������� 6&'� LV�
RQH�RI�WKH�WRS�WHQ�GLVHDVHV�IDFHG�E��SHRSOH�LQ�,QGLD��
+RZHYHU�� ELUWK� UDWHV� LQ� ,QGLD� KDYH� IDOOHQ� IURP�
����LQ������ WR�����LQ�������*%'������6LFNOH�&HOO�
'LVHDVH�&ROODERUDWLYHV�� �������+LJK� ULVN� LQFUHDVHV�
PRUELGLW�� DQG� PRUWDOLW�� LQ� LQIDQWV� DQG� FKLOGUHQ��
$SSUR[LPDWHO���������RI�FKLOGUHQ�ERUQ�ZLWK�W�SH���
diabetes�die�before�the�age�of��ve�(Gyam��J,�2019).�
Although� in�uenza� is� resistant� to� malaria.� This�
UHYLHZ�GLVFXVVHV�WKH�HWLRORJ��DQG�HSLGHPLRORJ��RI�
FHOO�GLVHDVH��LWV�FRXUVH��PDMRU�SUREOHPV��WUHDWPHQW��
DQG�IXWXUH�UHVHDUFK�RQ�WKH�GLVHDVH��

6LFNOH��HOO��LVHDVH��3DW�RS��VLROR��

1RUPDO� UHG� EORRG� FHOOV� FDQ� VXUYLYH� XS� WR� ����
GD�V�� EXW� VLFNOH� FHOOV� FDQ� RQO�� VXUYLYH� ��� WR� ���
GD�V�� 7KH�PDLQ� SDWKRSK�VLRORJ�� LV� EDVHG� RQ� WKH�
SRO�PHUL]DWLRQ� RI� GHR[�JHQDWHG� +E6� DQG� WKH�
formation� of� long� �bers� in� erythrocytes,� which�
FDXVHV� HU�WKURF�WH� GLVWRUWLRQ�� UHVXOWLQJ� LQ� VWURQJ�
KHPRO�VLV� DQG� YDVFXODU� RFFOXVLRQ�� $GGLWLRQDOO���
LQIHFWHG� FHOOV� DUH� GHVWUR�HG� E�� WKH� VSOHHQ� GXH� WR�
WKHLU�VKDSH�DQG�KDUGQHVV��6LFNOH�FHOOV�DFFXPXODWH�LQ�
these��lters�and�die.�When�there�are�fewer�healthy�
UHG�EORRG�FHOOV� LQ� WKH�ERG���D�SHUVRQ�FDQ� EHFRPH�
DQHPLF�DQG�GLVHDVHG�FHOOV�FDQ�GDPDJH�WKH�VSOHHQ��
6LFNOH�FHOO� DQHPLD� FDXVHV�PDQ��SUREOHPV� VXFK�DV�
active�disease,�pain�and�in�ammation�in�the�brain,�
OLYHU��OXQJV��HWF��,W�FDQ�FDXVH�GDPDJH�WR�PDQ��SDUWV�
RI�WKH�ERG���LQFOXGLQJ��%XQQ�+)���������

��SHV�RI�6LFNOH��HOO��LVHDVH

0RVW�KXPDQ�KHPRJORELQ�$��+E$���DOVR�NQRZQ�
as� adult� hemoglobin� (hemoglobin� A1� or� α2β2),�
FRQVLVWV�RI�WZR�EHWD�JORELQ�VXEXQLWV�DQG�WZR�DOSKD�
JORELQ� VXEXQLWV�� 7KHVH� WZR� JHQHV� PXVW� IXQFWLRQ�

$EKLVKZHWD�6D[HQD��6DFKLQ�&�1DUZDGL�D��6LFNOH�&HOO�'LVHDVH��$�UHYLHZ�6WXG�
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��$EKLVKZHWD�6D[HQD��6DFKLQ�&�1DUZDGL�D��6LFNOH�&HOO�'LVHDVH��$�UHYLHZ�6WXG�

RUJDQV�RI�WKH�ERG���5HFHQW�UHVHDUFK�UHLWHUDWHV�WKDW�
LQGLYLGXDOV� ZLWK� 6&'� PD�� H[SHULHQFH� UHG� EORRG�
FHOO�GHK�GUDWLRQ��DEQRUPDO�PLJUDWLRQ�RI�UHG�EORRG�
cells� to� the� vascular� endothelium,� in�ammatory�
HYHQWV��DQG�GHSOHWLRQ�RI�DOO�FHOOV� LQ�EORRG�YHVVHOV��
DQG� DEQRUPDO� QLWULF� R[LGH� PHWDEROLVP� FDQ� FDXVH�
WKURPERWLF� SUREOHPV� DQG� YDULRXV� GLVHDVHV���
2WKHU� SUREOHPV�� VXFK� DV� LQIHFWLRQV� DQG� KDQG�
IRRW� V�QGURPH� �GDFW�OLWLV��� RFFXU� DV� VZHOOLQJ� RI�
WKH� KDQGV� DQG� IHHW�� *LYHQ� WKH� HIIHFW� RI� LQIHFWLRQ�
RQ� WKH� VSOHHQ�� WKH� LPPXQH� V�VWHP� RI� SHRSOH�
ZLWK� WKLV� GLVHDVH�PD�� DOVR� EH�DIIHFWHG��7KHUHIRUH��
SHRSOH�ZLWK�6&'�KDYH�ZHDN�LPPXQH�V�VWHPV�DQG�
DUH� PRUH� SURQH� WR� LQIHFWLRQV� �(O� $ULVV�$%�� �������
7HFKQRORJLHV� FRPPRQO�� XVHG� IRU� 6&'� GLDJQRVLV�
LQFOXGH� KLJK�SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSK��
�+3/&��� LVRHOHFWULF� IRFXVLQJ� �,()��� DQG� FDSLOODU��
HOHFWURSKRUHVLV��&=(���

�HOO��HVWV

A� complete� blood� count� (CBC)� is� the� �rst�
WHVW� XVHG� WR� GLDJQRVH� YDULRXV� W�SHV� RI� GLDEHWHV��
+RZHYHU��KHPH�PXWDWLRQV�FDQ�DIIHFW�KHPDWRORJLFDO�
SDUDPHWHUV� �*UHHQH��'�1�� ������� 3HULSKHUDO� EORRG�
VPHDU� �3%)�� LV� XVXDOO�� SHUIRUPHG� DIWHU� GHWHFWLQJ�
DQ� DEQRUPDOLW�� LQ� WKH� DXWRPDWHG� FRXQW� DQG� LV�
FRQVLGHUHG�DQ�LPSRUWDQW�SDUW�RI�WKH�KHPDWRORJLFDO�
HYDOXDWLRQ��3%)�H[DPLQHV�WKH�PRUSKRORJ��RI�EORRG�
FHOOV�DQG� HYDOXDWHV�DQ�� FKDQJHV�� WKLV�FDQ�SURYLGH�
LPSRUWDQW� LQIRUPDWLRQ� WR� KHOS� LGHQWLI�� GLIIHUHQW�
W�SHV� RI� GLDEHWHV� �1ZRJRK�� %�� ������� $QRWKHU�
LPSRUWDQW�GLDJQRVWLF�WHVW�LV�WKH�VROXELOLW��WHVW�EDVHG�
RQ�+E6�SRO�PHUL]DWLRQ�LQ�WKH�GHR[�JHQDWHG�VWDWH��
7KH� VROXELOLW�� WHVW� RI� LWV� FRQWHQW�� QRZ�PRVW�XVHG��
LV� EDVHG� RQ� +E�6� LQHTXDOLW�� LQ� WKH� SUHVHQFH� RI�
FRQFHQWUDWHG�SKRVSKDWH�EXIIHU��KHPRO�WLF�UHDJHQWV�
DQG� VRGLXP� GLWKLRQDWH�� (OHFWURSKRUHVLV� LV� D�
FKURPDWRJUDSKLF�WHFKQLTXH�WKDW�LV�FRQVLGHUHG�RQH�
RI�WKH�PDLQ�WHVWV�IRU�WHVWLQJ�+E�YDULDQWV��:DMFPDQ��
+�� ������� 'LIIHUHQW� S+� YDOXHV� DQG� HQYLURQPHQWV�
DUH� XVHG� WR� LGHQWLI�� KHPRJORELQ�� IRU� H[DPSOH��
FHOOXORVH� DFHWDWH� HOHFWURSKRUHVLV� DW� DONDOLQH� S+�
RU� FLWUDWH� DJDU� DW� DFLGLF� S+� �.RWLOD�� 7�� ������� 7KH�
SUHIHUUHG� WHFKQLTXH� IRU� WKLV� SXUSRVH� LV� FDSLOODU��
HOHFWURSKRUHVLV�DQG�KDV�EHHQ�VKRZQ�WR�VHSDUDWH�WKH�
+E� IUDFWLRQ� DQG� GLDJQRVH� VLFNOH� FHOO� GLVHDVH� DQG�
WKDODVVHPLD�� ,VRHOHFWULF� IRFXVLQJ� �,()�� LV� D� KLJK�
UHVROXWLRQ� WHFKQLTXH� XVHG� WR� VHSDUDWH� SURWHLQV�
EDVHG�RQ�WKHLU�LVRHOHFWULF�SRLQW��S,���+E�PROHFXOHV�
PRYH� DORQJ� WKH�S+�JUDGLHQW�XQWLO� WKH�� UHDFK� WKH�
LVRHOHFWULF� SRLQW� ZKHUH� WKH� FKDUJH� LV� ]HUR�� +E�
PROHFXOHV� SUHFLSLWDWH� DQG� DSSHDU� DV� VKDUS� EDQGV�
�5HGG��� 0�1�� ������� $V� D� SUHYLRXV� WHFKQRORJ���
+3/&� KDV� EHHQ� VKRZQ� WR� EH� DEOH� WR� VHSDUDWH�

KHPRJORELQ� GXH� WR� LWV� GLIIHUHQW� LQWHUDFWLRQV� ZLWK�
WKH�VWDWLRQDU��SKDVH��+3/&�GHWHFWV�GLIIHUHQW�W�SHV�
RI� KHPH� GHSHQGLQJ� RQ� UHWHQWLRQ� WLPH� DQG� LPDJH�
pressure.�Each�hemoglobin�has�a�speci�c�retention�
WLPH� WKDW� LV� FRPSDUDEOH� WR� WKH� UHWHQWLRQ� WLPH� RI�
NQRZQ�KHPH�SURGXFWV��+3/&�LV�OHVV�VHQVLWLYH�DQG�
UHOLDEOH�LQ�PRQLWRULQJ�SDWLHQWV�UHFHLYLQJ�VHUXP�RU�
K�GUR[�XUHD��*XSWD��3�.���������

6LFNOH��HOO��LVHDVH����HDWPH�W��HPR�DO

7KHUH� DUH� WKUHH� PDLQ� WUHDWPHQW� PHWKRGV� WKDW�
FKDQJH�WKH�GLVHDVH��VXFK�DV�WKH�XVH�RI�K�GUR[�XUHD��
UHG� EORRG� FHOO� WUDQVSODQWDWLRQ� DQG� KHPDWRSRLHWLF�
VWHP� FHOO� WUDQVSODQWDWLRQ� �.D� .DVVLP� $$�� �������
7KHUH� LV� QR� WUHDWPHQW� RWKHU� WKDQ� VWHP� FHOO�
WUDQVSODQWDWLRQ�� $OWKRXJK� WKHUH� LV� QR� SHUPDQHQW�
FXUH�� HDUO�� GLDJQRVLV� RU� XQLYHUVDO� VFUHHQLQJ�
UHPDLQV� WKH� NH�� WR� EHWWHU� FRQWURO� RI� WKH� GLVHDVH��
)RXU� RYHUODSSLQJ� WHVWLQJ� SKDVHV� �DQWHQDWDO��
SHULQDWDO��QHRQDWDO��DQG�SRVWQHRQDWDO��DUH�UHTXLUHG�
IRU� HIIHFWLYH� GLVHDVH� PDQDJHPHQW�� 3UHQDWDO�
VFUHHQLQJ� FDQ� KHOS� GHWHFW� 6&'� LQLQIDQWV� ZLWK�
SUHYLRXV� V�PSWRPV� HDUO�� LQ� OLIH�� EHIRUH� ELUWK� RU�
in�the��rst�few�days�of�life�(Arishi�WA,�2021).�The�
VHYHULW�� DQG� LPSDFW� RI� WKH�GLVHDVH�YDULHV� JUHDWO���
ZLWK� SURSHU� PDQDJHPHQW� FDQ� UHGXFH� SUREOHPV��
LPSURYH� WKH� OLYHV� RI� WKRVH� DIIHFWHG�� DQG� LPSURYH�
WKHLU� TXDOLW�� RI� OLIH�� 7KH� EHVW� VWUDWHJ�� WR� UHGXFH�
WKLV�GLVHDVH�LV�JHQHWLF�HGXFDWLRQ�LQFOXGLQJ�SUHQDWDO�
DQG� SUHJQDQF�� FRXQVHOLQJ� DQG� LQIRUPDWLRQ� WR�
DYRLG� SUHJQDQF�� ZLWK� D� FKLOG� ZLWK� KRPR]�JRXV�
JHQRW�SH��7KH�VHYHULW��RI�WKH�GLVHDVH�LQ�WKH�JURXS�
LV�VWLOO�FRQWURYHUVLDO��7KH�*RYHUQPHQW�RI�,QGLD��*R,��
DQG� WKH� 0LQLVWU�� RI� 7ULEDO� $IIDLUV� �0R7$�� KDYH�
VHW�D�WDUJHW� WR�HOLPLQDWH�6&'��1HZERUQ�VFUHHQLQJ�
LV� LPSRUWDQW� WR� UHGXFH� PRUELGLW�� DQG� PRUWDOLW��
E�� SURPRWLQJ� HDUO�� GLDJQRVLV� DQG� SUHYHQWLYH�
WUHDWPHQW� IRU� LQGLYLGXDOV� VHHNLQJ� KHDOWK� DQG�
KDUPRQ�� E�� WKH� 1DWLRQDO� 0LVVLRQ� WR� (OLPLQDWH�
6LFNOH�&HOO�$QHPLD�E��������

&21&/86,21

7KHUH� LV� FXUUHQWO�� QR�ZD�� WR�SHUPDQHQWO�� FXUH�
WKLV�GLVHDVH��+RZHYHU��ZLWK�DSSURSULDWH�WUHDWPHQW��
WKH� VHYHULW�� DQG� VHYHULW�� RI� WKH� GLVHDVH� FDQ� EH�
FRQWUROOHG�� WKHUHE�� LPSURYLQJ� WKH� TXDOLW�� RI� OLIH�
DQG� OLIH� H[SHFWDQF�� RI� WKH� SDWLHQW�� 7KLV� FDQ� EH�
PDQDJHG�HIIHFWLYHO��E��VHUYLFHV�SURYLGLQJ�PHGLFDO�
WUHDWPHQW�ZLWK�JHQHWLF�WHVWLQJ�DQG�FRXQVHOOLQJ��

)��GL�����KLV�UHVHDU�K�UH�HLYHG��R�H��HU�D��I��GL�J

,�VWLW�WLR�DO��H�LH���RD�G�6WDWHPH�W���R��
DSS�L�D��H�
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,�IR�PHG��R�VH�W�6WDWHPH�W���R��DSS�L�D��H

�DWD���DLODELOLW��6WDWHPH�W���R��DSS�L�D��H

Con�icts� of� Interest:� 7KH� DXWKRU� GHFODUHV� QR�
con�ict�of�interest.

5()(5(1&(6

��� 5HHV�� '�&��� :LOOLDPV�� 7�1��� *ODGZLQ�� 0�7�� 6LFNOH�
FHOO�GLVHDVH��/DQFHW���������������������

��� .DWR� *-�� 3LHO� )%�� 5HLG� &'�� *DVWRQ� 0+�� 2KHQH�
)UHPSRQJ�.��.ULVKQDPXUWL�/��6PLWK�:5��3DQHSLQWR�
-$��:HDWKHUDOO�'-��&RVWD� ))��9LFKLQVN�� (3�� 6LFNOH�
FHOO�GLVHDVH��1DWXUH�UHYLHZV�'LVHDVH�SULPHUV�������
0DU��������������

��� &RODK�5%��0XNKHUMHH�0%��0DUWLQ�6��*KRVK�.��6LFNOH�
FHOO�GLVHDVH�LQ�WULEDO�SRSXODWLRQV�LQ�,QGLD��7KH�,QGLDQ�
MRXUQDO�RI�PHGLFDO�UHVHDUFK�������0D�������������

��� 5HHV�'&��%URXVVH�9$��%UHZLQ�-1��'HWHUPLQDQWV�RI�
VHYHULW��LQ�VLFNOH�FHOO�GLVHDVH��%ORRG�5HYLHZV�������
1RY������������

��� %URXVVH� 9�� 0DNDQL� -�� 5HHV� '&�� 0DQDJHPHQW� RI�
VLFNOH�FHOO�GLVHDVH�LQ�WKH�FRPPXQLW���%PM�������0DU�
������

��� *%'������6LFNOH�&HOO�'LVHDVH�&ROODERUDWRUV��*OREDO��
UHJLRQDO�� DQG� QDWLRQDO� SUHYDOHQFH� DQG� PRUWDOLW��
EXUGHQ�RI�VLFNOH�FHOO�GLVHDVH�������������D�V�VWHPDWLF�
DQDO�VLV� IURP�WKH�*OREDO�%XUGHQ�RI�'LVHDVH�6WXG��
������/DQFHW�+DHPDWRO�������$XJ�������H�������

��� %XQQ� +)�� ������ 3DWKRJHQHVLV� DQG� WUHDWPHQW� RI�
VLFNOH�FHOO�GLVHDVH��1��(QJO��-��0HG�����������

��� 6HUMHDQW�*5��6HUMHDQW�%(��6LFNOH�FHOO�GLVHDVH���UG�HG��
2[IRUG��2[IRUG�8QLYHUVLW��3UHVV������

��� *LEVRQ�-6��5HHV�'&��+RZ�EHQLJQ�LV�VLFNOH�FHOO�WUDLW��
(%LR0HGLFLQH�������6HS����������

���� (O� $ULVV� $%�� �RXQHV� 0�� 0DWDU� -�� %HUMDRXL� =��

3UHYDOHQFH� RI� 6LFNOH� &HOO� 7UDLW� LQ� WKH� 6RXWKHUQ�
6XEXUE� RI� %HLUXW�� /HEDQRQ�� 0HGLWHUU� -� +HPDWRO�
,QIHFW�'LV������������H��������

���� 5RJHUV�=5��$�3HGLDWULFLDQ�V�4XLFN�*XLGH�WR�6LFNOH�
&HOO�7UDLW��3HGLDWU�5HY�������$SU�����������������

���� *UHHQH��'�1���9DXJQ��&�3���&UHZV��%�2���$JDUZDO��
$�0��$GYDQFHV�LQ�GHWHFWLRQ�RI�KHPRJORELQRSDWKLHV��
&OLQ��&KLP��$FWD�����������������

���� 1ZRJRK��%���7UDQVIXVLRQ��%���6WDWH��(���7UDQVIXVLRQ��
%��� 6WDWH�� 5�� 7KH� 3HULSKHUDO� %ORRG� )LOP�� 3HULSKHU��
%ORRG�)LOP�����������������

���� 'LJJV�� /�:��� 1DXPDQQ�� +�1��� 'LJJV�� %�0�� $�
6ROXELOLW�� 7HVW� IRU� 6LFNOH� &HOO�+HPRJORELQ�� /DE��
0HG�����������������

���� :DMFPDQ�� +��� 0RUDGNKDQL�� .�� $EQRUPDO�
KDHPRJORELQV��'HWHFWLRQ���FKDUDFWHUL]DWLRQ��,QGLDQ�
-��0HG��5HV��������������������

���� .RWLOD�� 7�� *XLGHOLQHV� IRU� WHK� GLDJQRVLV� RI� WKH�
KDHPRJORELQRSDWKLHV� LQ� 1LJHULD�� $QQ�� ,EDGDQ�
3RVWJUDG��0HG����������������

���� 5HGG��� 0�1��� )UDQFLRVL�� 5�$�� 5DSLG� TXDQWLWDWLRQ�
RI�KHPRJORELQ�6�E��LVRHOHFWULF�IRFXVLQJ��$QQ��&OLQ��
/DE��6FL��������������������

���� *XSWD�� 3�.��� .XPDU�� +��� .XPDU�� 6��� -DLSUDNDVK��
0�� &DWLRQ� H[FKDQJH� KLJK� SHUIRUPDQFH�
OLTXLG� FKURPDWRJUDSK�� IRU� GLDJQRVLV� RI�
KDHPRJORELQRSDWKLHV��0HG��-��$UPHG�)RUFHV�,QGLD�
����������������

���� .D� .DVVLP� $$�� 'H%DXQ� 05�� 7KH� FDVH� IRU� DQG�
DJDLQVW� LQLWLDWLQJ� HLWKHU� K�GUR[�XUHD� WKHUDS���
EORRG� WUDQVIXVLRQ� WKHUDS�� RU� KHPDWRSRLHWLF� VWHP�
FHOO�WUDQVSODQW�LQ�DV�PSWRPDWLF�FKLOGUHQ�ZLWK�VLFNOH�
FHOO� GLVHDVH�� ([SHUW� RSLQLRQ� RQ� SKDUPDFRWKHUDS���
�����)HE����������������

���� $ULVKL�:$��$OKDGUDPL�+$��=RXURE�0��7HFKQLTXHV�
IRU� WKH� GHWHFWLRQ� RI� VLFNOH� FHOO� GLVHDVH�� D� UHYLHZ��
0LFURPDFKLQHV�������0D��������������

®®®›®®®

$EKLVKZHWD�6D[HQD��6DFKLQ�&�1DUZDGL�D��6LFNOH�&HOO�'LVHDVH��$�UHYLHZ�6WXG�


