
Virus Trackers and Preventing Pandemics
Many novel outbreaks 
are caused by zoonotic 
viruses.� These are 
viruses which start 
off in an animal host, 
but evolve to infect 
and spread among 
humans.� Examples 
!%�#,���!%3,�%1��
viruses that have 
caused the Spanish Flu, 
Swine Flu, and 
%,$�)&,*��-!�%�3,�
epidemics, and 
coronaviruses that 
have caused SARS, 
MERS, and COVID-19.

Dr. Peiris and Dr. Guan have been researching 
viruses for over 20 years. They have tracked 
!%3,�%1��*+)�!%*�!%��!)�*��'!�*�� ,$�%*���%��
other animals, to understand the evolution of 
zoonotic viruses and monitor their risk of 
causing pandemics in humans.

In 2003, Dr. Peiris did important work to 
�!*�&-�)�+ �+�+ ��2)*+��
���&,+�)��"�.�*�
caused by a coronavirus. And Dr. Guan played a 
crucial role in tracking the zoonotic disease to 
wild animal markets in Guangdong.

Overall, Dr. Guan and Dr. Peiris have helped 
)�*'&%��+&�%&-�#�!%3,�%1���%���&)&%�-!),*�
&,+�)��"*�+ )&,� &,+�+ �!)�*�!�%+!2����)��)*��
and their work continues to be crucial in helping 
the world prepare for future pandemics.

Art by Armin Mortazavi and text by Nicole Wang. October 2021 
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A pandemic is when a disease is so infectious that 
it can spread across a country or even globally.� The 
world has faced numerous viral pandemics 
throughout history.

Many viruses can 
mutate quickly. 
They can make 
mistakes when 
they replicate, or 
even swap genetic 
material with 
other strains if 
they infect the 
same cell. These 
changes can give 
zoonotic viruses 
new ways to 
infect humans 
and can also 
make it 
challenging for 
our immune 
systems to 
combat them.

Based on their 
contributions, a number 
of rules have been put in 
place that aim to help 
control the spread of 
zoonotic viruses.
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cause common colds are “common,” and seasonal 
ÀXV�DUH�³VHDVRQDO�´�

2XU�ERGLHV�DUH�WUDLQHG�WR�¿JKW�YLUXVHV�LQ�D�YDULHW\�
RI�ZD\V��DQG�WKLV�LQFOXGHV�VSHFLDOL]HG�LPPXQH�
PHPRU\�FHOOV�WKDW�FDQ�UHPHPEHU�D�YLUXV�WKDW�
WKH\¶YH�HQFRXQWHUHG�EHIRUH��7KHVH�FHOOV�HVVHQWLDOO\�
DFW�DV�DQ�HDUO\�ZDUQLQJ�V\VWHP�VKRXOG�D�SHUVRQ�EH�
UH�LQIHFWHG�ZLWK�WKH�VDPH�YLUXV��RU�HYHQ�DQRWKHU�
YLUXV�WKDW�KDV�VWURQJ�VLPLODULWLHV���7KLV�LQ�WXUQ�OHDGV�
WR�D�PXFK�TXLFNHU�DQG�VWURQJHU�LPPXQH�UHVSRQVH�
WKDW�RIWHQ�UHVXOWV�LQ�PLOGHU��RU�HYHQ�QR�LQIHFWLRQ�

$GG�WR�WKLV��ZH�DOVR�KDYH�WKH�OX[XU\�RI�HIIHFWLYH�
ZD\V�WR�SUHGLFW�DQG�WKHUHIRUH�SUHSDUH�IRU�RXW-
EUHDNV�RI�WKHVH�FRPPRQ�YLUXVHV��)RU�LQVWDQFH��DV�
SDUW�RI�JOREDO�KHDOWK�LQLWLDWLYHV��VFLHQWLVWV�DURXQG�
WKH�ZRUOG�GLOLJHQWO\�WUDFN�WKH�VHDVRQDO�ÀX��ZKHUH�
LW�LV�VSUHDGLQJ�DQG�DOVR�ZKHWKHU�WKHUH�DUH�JHQHWLF�

Virus Trackers and 
Preventing Pandemics

The best pandemic response is to be prepared, 
before animal viruses infect humans

Written by Nicole Wang
Art by Armin Mortazavi
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,Q�WKH�\HDU�������WKH�WRSLF�RI�SDQGHPLFV��D�VFLHQWLI-
LF�WHUP�WKDW�GHVFULEHV�D�GLVHDVH�RXWEUHDN�RI�JOREDO�
SURSRUWLRQV��KDV�EHHQ�LQHVFDSDEOH��7KLV�LV�EHFDXVH�
WKH�ZRUOG�KDV�EHHQ��DQG�VWLOO�LV��GHDOLQJ�ZLWK�WKH�
DOO�HQFRPSDVVLQJ�HIIHFWV�RI�WKH�&29,'����SDQ-
GHPLF��

%XW�SDQGHPLFV�DUHQ¶W�D�QHZ�SKHQRPHQRQ�DQG�LW¶V�
HDV\�WR�IRUJHW�WKDW�WKH�ZRUOG�KDV�VHHQ�DQG�VXUYLYHG�
YLUDO�SDQGHPLFV�WKURXJKRXW�KLVWRU\��-XVW�ZLWKLQ�WKH�
ODVW����\HDUV��WKHUH�KDYH�EHHQ�SDQGHPLF�RXWEUHDNV�
RI�YLUXVHV�WKDW�FDXVHG�6HYHUH�$FXWH�5HVSLUDWRU\�
6\QGURPH��6$56��LQ�������WKH�+�1��6ZLQH�)OX�
LQ�������DQG�WKH�0LGGOH�(DVW�5HVSLUDWRU\�6\Q-
GURPH��0(56��LQ�������

+RZHYHU��\RX¶UH�DOVR�SUREDEO\�DZDUH�WKDW�EHLQJ�
LQIHFWHG�E\�YLUXVHV�LV�VRPHWKLQJ�WKDW�KDSSHQV�DOO�
WKH�WLPH��3HRSOH�UHJXODUO\�JHW�VLFN�IURP�FRPPRQ�
FROGV�RU�WKH�VHDVRQDO�ÀX��7KHVH�YLUXVHV�FDQ�PDNH�
\RX�LOO��EXW�GRQ¶W�VHHP�WR�FDXVH�GHYDVWDWLQJ�RXW-
EUHDNV��6R�ZKDW�PDNHV�D�YLUXV�OLNH�6$56�&R9����
WKH�RQH�UHVSRQVLEOH�IRU�WKH�&29,'����SDQGHPLF��
HVSHFLDOO\�GDQJHURXV"

Comfort in the familiar

7KH�SULPDU\�GLIIHUHQFH�EHWZHHQ�YLUXVHV�WKDW�FDXVH�
FRPPRQ�GLVHDVHV��DQG�WKRVH�WKDW�FDXVH�SDQGHPLFV�
ERLOV�GRZQ�WR�IDPLOLDULW\��,Q�HIIHFW��WKHUH�LV�D�EHQH-
¿W�WR�KDYLQJ�DOUHDG\�VHHQ�FHUWDLQ�LQIHFWLRQV��EH-
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QHHG�WR�RYHUFRPH�PDQ\�EDUULHUV�WR�LQIHFW�D�QHZ�
VSHFLHV��)RU�H[DPSOH��WKH�YLUXV�ZLOO�OLNHO\�QHHG�
PXWDWLRQV�WKDW������DOORZ�UHFRJQLWLRQ�RI�KXPDQ�
FHOOV������SURYLGH�VRPH�SURWHFWLRQ�DJDLQVW�WKH�
KXPDQ�LPPXQH�V\VWHP��DQG�����LQIHFW�LQ�ZD\V�WKDW�
DOORZ�HI¿FLHQW�VSUHDG�IURP�SHUVRQ�WR�SHUVRQ��

7KLV�LV�ZK\�WKH�³MXPS´�LV�PRUH�OLNHO\�WR�KDSSHQ�LQ�
VLWXDWLRQV�ZKHUH�SHRSOH�DUH�IUHTXHQWO\�H[SRVHG�WR�
LQIHFWHG�DQLPDOV���7KLV�FDQ�KDSSHQ��IRU�H[DPSOH��DW�
OLYH�DQLPDO�PDUNHWV��GXULQJ�OLYHVWRFN�WUDQVSRUWD-
WLRQ��RU�HYHQ�LQ�VLWXDWLRQV�ZKHUH�KDELWDW�ORVV�FDXVH�
ZLOGOLIH�WR�EH�IRUFHG�LQWR�QHZ�DUHDV��6XFK�HQYLURQ-
PHQWV�FRXOG�EH�WKH�XQZLWWLQJ�RULJLQ�SRLQWV�IRU�D�
SDQGHPLF�

$OWKRXJK�MXPSLQJ�IURP�DQ�DQLPDO�WR�D�KXPDQ�
KRVW�LV�UDUH��WKHVH�]RRQRWLF�YLUXVHV�DUH�SRWHQWLDOO\�
YHU\�GDQJHURXV�WR�JOREDO�KHDOWK��7KH\�DUH�JOREDOO\�
XQIDPLOLDU��%HFDXVH�RI�WKLV�WKUHDW��RQH�RI�WKH�EHVW�
ZD\V�WR�VWD\�SUHSDUHG�IRU�D�]RRQRWLF�YLUXV�LV�WR�
DWWHPSW�WR�WUDFN�LW�EHIRUH�LW�VSUHDGV�WR�KXPDQV�

Staying prepared and predicting pandemics

:KLOH�UHVHDUFK�FDQ¶W�SUHGLFW�H[DFWO\�ZKHQ�D�SDQ-
GHPLF�ZLOO�RFFXU��VWXGLHV�KDYH�VKRZQ�WKDW�\RX�FDQ�
SUHGLFW�ZKLFK�DQLPDO�YLUXVHV�DUH�WKH�PRVW�OLNHO\�WR�
FDXVH�QRYHO�GLVHDVH�RXWEUHDNV����+HUH���VFLHQWLVWV�

FKDQJHV�WKDW�FRXOG�EH�FDXVH�IRU�FRQFHUQ��8VLQJ�
WKLV�LQIRUPDWLRQ��WKH\�FDQ�SUHGLFW�ZKDW�WKH�QH[W�
YHUVLRQ�RI�WKH�ÀX�PLJKW�ORRN�OLNH��DQG�UHDG\�WKH�
SURGXFWLRQ�RI�XVHIXO�ÀX�YDFFLQHV���7KHVH�ÀX�VKRWV�
DUH�GHVLJQHG�WR�SURDFWLYHO\�WULJJHU�WKRVH�PHPRU\�
FHOOV�WKDW�FDQ�SURYLGH�SURWHFWLRQ�EHIRUH�WKH�VHDVRQ-
DO�ÀX�DFWXDOO\�FRPHV�WR�WRZQ��

8OWLPDWHO\��ZH�DUH�OHVV�FRQFHUQHG�ZLWK�WKHVH�FRP-
PRQ�YLUXVHV�EHFDXVH�RXU�LPPXQH�V\VWHPV�KDYH�
VHHQ�WKHP�EHIRUH��HLWKHU�E\�ZD\�RI�SDVW�LQIHFWLRQV��
RU�WKURXJK�SURDFWLYH�YDFFLQH�LQLWLDWLYHV���7KLV�ID-
PLOLDULW\�PHDQV�WKDW�UDSLG�UDWHV�RI�LQIHFWLRQV�WHQG�
QRW�WR�RFFXU�PDNLQJ�WKHP�OHVV�RI�D�WKUHDW�WR�JOREDO�
KHDOWK��

The hidden threat of zoonotic viruses

0HDQZKLOH��XQIDPLOLDU�RU�QRYHO�YLUXVHV�DUH�D�FRP-
SOHWHO\�GLIIHUHQW�EHDVW���,I�D�YLUXV�LV�QHZ�WR�KXPDQ�
VRFLHW\��WKH\�FDQ�HQWHU�RXU�ERGLHV��FDXVH�VLFNQHVV��
DQG�VSUHDG�TXLFNO\��DOO�EHIRUH�RXU�LPPXQH�V\VWHPV�
HYHQ�KDYH�D�FKDQFH�WR�SURSHUO\�UHDFW���7KLV�LV�XVX-
DOO\�KRZ�D�SDQGHPLF�PLJKW�VWDUW��HVVHQWLDOO\��WKH�
ZRUOG�LV�LPPXQRORJLFDOO\�QDLYH�WR�WKH�GLVHDVH���,W¶V�
DOVR�LPSRUWDQW�WR�QRWH�WKDW�VRPH�RI�WKHVH�SDQGHP-
LF�YLUXVHV�PD\�EH�QR�GHDGOLHU�WKDQ�WKH�FRPPRQ�
YLUXVHV��EXW�ZLWKRXW�WKH�SURWHFWLRQ�RI�LPPXQRORJL-
FDO�PHPRU\��ZH�HQG�XS�IDFLQJ�WKH�IXOO�IRUFH�RI�WKH�
YLUXV�DQG�KLJKHU�UDWHV�RI�LQIHFWLRQ��7KH�YLUXV�FDQ�
WKHUHIRUH�VSUHDG�UDSLGO\�ZLWKLQ�D�SRSXODWLRQ�DQG�
EH\RQG��VRPHWLPHV�WR�GHYDVWDWLQJ�HIIHFWV��

0DQ\�RI�WKHVH�YLUXVHV�DUH�]RRQRWLF��PHDQLQJ�WKDW�
WKH\�ZHUH�RULJLQDOO\�RQO\�DEOH�WR�LQIHFW�FHUWDLQ�
DQLPDOV��EXW�RYHU�WLPH�KDYH�HYROYHG�WKH�DELOLW\�
WR�LQIHFW�RU�³MXPS´�WR�KXPDQV��7KLV�FDQ�KDSSHQ�
EHFDXVH�ZKHQ�YLUXVHV�PDNH�FRSLHV�RI�WKHPVHOYHV��
WKH�UHSOLFDWLRQ�RI�WKHLU�JHQHWLF�FRGH�FDQ�UHVXOW�LQ�
PLVWDNHV��VPDOO�FRS\LQJ�HUURUV�RU�HYHQ�GUDVWLF�
VZDSSLQJ�RI�JHQHWLF�PDWHULDO��OHDGLQJ�WR�UDQGRP�
FKDQJHV�FDOOHG�PXWDWLRQV���$OWKRXJK�WKHVH�FKDQJHV�
DUH�XVXDOO\�LQFRQVHTXHQWLDO�RU�HYHQ�KDUPIXO�WR�WKH�
YLUXV��VRPH�PXWDWLRQV�PLJKW�JLYH�D�YLUXV�DQ�HGJH�
WR�FDXVH�GLVHDVH�

/XFNLO\��RQO\�D�YHU\�PLQLVFXOH�SURSRUWLRQ�RI�DQL-
PDO�YLUXVHV�ZLOO�HYROYH�WR�LQIHFW�KXPDQV��DV�WKH\�
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'U��-RVHSK�0DOLN�3HLULV�DQG�'U� <L Guan��ZLQQHUV� 
RI�WKH������-RKQ�'LUNV�&DQDGD�*DLUGQHU�*OREDO� 
+HDOWK�$ZDUG��KDYH�GRQH�SLYRWDO�ZRUN�RQ�WKLV�W\SH� 
RI�VXUYHLOODQFH���7KH\�KDYH�EHHQ�FROODERUDWLQJ� 
VLQFH�WKH������+�1��DYLDQ�ÀX�RXWEUHDN�LQ�+RQJ� 
.RQJ��FDXVHG�E\�DQ�LQÀXHQ]D�YLUXV���DQG�FRQWLQXH� 
WR�EH�H[WUHPHO\�LQYROYHG�LQ�LQWHUQDWLRQDO�HIIRUWV�WR� 
WUDFN�YLUXVHV�LQ�DQLPDOV��

,Q�WKLV�FDVH��SRWHQWLDO�KRVWV�VXFK�DV�ZLOG�ELUGV�� 
FKLFNHQV��SLJV��DQG�KXPDQV�DUH�URXWLQHO\�VDPSOHG� 
IRU�LQÀXHQ]D�YLUXVHV���7KLV�VDPSOLQJ�DOORZV�VFLHQ-
WLVWV�WR�WUDFN�PXWDWLRQV�LQ�WKH�JHQHWLF�VHTXHQFHV�RI� 
WKHVH�YLUXVHV���7KH\�PRQLWRU�ZKHWKHU�WKHVH�YLUXVHV� 
KDYH�MXPSHG�EHWZHHQ�GLIIHUHQW�DQLPDO�KRVWV�LQ�WKH� 
SDVW��DV�ZHOO�DV�HYDOXDWH�ZKHWKHU�WKH\�FDQ�FDXVH� 
GLVHDVH��$OO�RI�WKHVH�FRQVLGHUDWLRQV�KHOS�WR�SUHGLFW� 
ZKHWKHU�WKHVH�YLUXVHV�PLJKW�SRVH�D�WKUHDW�WR�KX-
PDQ�KHDOWK��2YHU�WLPH��WKLV�GDWD�KDV�DOVR�DOORZHG� 
VFLHQWLVWV�WR�XQGHUVWDQG�WKH�HYROXWLRQ�RI�]RRQRWLF� 
YLUXVHV�LQ�WKHLU�QDWXUDO�KRVWV��DQG�¿JXUH�RXW�NH\� 
PXWDWLRQV�LPSRUWDQW�IRU�WKHLU�MXPS�IURP�DQLPDOV� 
WR�KXPDQV��

%DVHG�RQ�WKHLU�VWXGLHV��'U��*XDQ�DQG�'U��3HLULV� 
KDYH�SURYLGHG�ZDUQLQJV�DERXW�DYLDQ�ÀX�VXEW\SHV� 
WKDW�KDYH�WKH�SRWHQWLDO�WR�FDXVH�SDQGHPLFV�LQ�KX-
PDQV��$QG�LQ�RUGHU�WR�SURWHFW�DJDLQVW�WKHVH�WKUHDWV�� 
WKH\�KDYH�SXEOLVKHG�PDQ\�SURWRFROV�RQ�SDQGHPLF� 
SUHSDUHGQHVV�DQG�KDYH�VXJJHVWHG�ZD\V�WR�SUHYHQW� 
WKH�VSUHDG�RI�]RRQRWLF�LQÀXHQ]D�YLUXVHV��LQFOXGLQJ� 
PHDVXUHV�WR�FORVH�OLYH�DQLPDO�PDUNHWV��DV�ZHOO�DV� 
GHYHORS�VWUDWHJLHV�WR�TXLFNO\�SURGXFH�YDFFLQHV�IRU� 
KLJK�ULVN�LQÀXHQ]D�VWUDLQV��

Virologists in action: How to deal with novel 
outbreaks

:KHQ�D�QRYHO�RXWEUHDN�RFFXUV��WKHUH�DUH�D�QXP-
EHU�RI�NH\�REMHFWLYHV�WR�ZRUN�WRZDUGV���)LUVW��LW¶V� 
LPSRUWDQW�WR�¿JXUH�RXW�WKH�VRXUFH��IRU�LQVWDQFH�WKH� 
DQLPDO�RI�RULJLQ�LQ�]RRQRWLF�FDVHV��WR�SUHYHQW�LW� 
IURP�IXUWKHU�LQIHFWLQJ�QHZ�SHRSOH��6HFRQG��WKHUH� 
QHHGV�WR�EH�DQ�HIIHFWLYH�ZD\�WR�GLDJQRVH�DQG�WUDFN� 
WKH�GLVHDVH�LQ�KXPDQV�VR�WKDW�VSUHDG�FDQ�EH�PRQL-
WRUHG��$QG�RI�FRXUVH��LQ�RUGHU�WR�WUHDW�WKH�GLVHDVH�� 
ZRUN�QHHGV�WR�EH�GRQH�WR�XQGHUVWDQG�KRZ�WKH�YLUXV� 
LQWHUDFWV�ZLWK�DQG�DIIHFWV�KXPDQ�FHOOV�

,Q�ODWH�������D�QRYHO�YLUDO�RXWEUHDN�DSSHDUHG�LQ�
*XDQJGRQJ��&KLQD��DQG�VWDUWHG�WR�VSUHDG�ZRUOG-
ZLGH��'XH�WR�WKHLU�H[SHULHQFH�WUDFNLQJ�]RRQRWLF�
LQÀXHQ]D�YLUXVHV��'U��*XDQ�DQG�'U��3HLULV�LP-
PHGLDWHO\�JRW�WR�ZRUN��LQLWLDOO\�WKLQNLQJ�WKDW�WKLV�
P\VWHULRXV�GLVHDVH�PLJKW�EH�FDXVHG�E\�DQ�LQÀX-
HQ]D�VWUDLQ��+RZHYHU��WKHLU�UHVHDUFK�JURXSV�VRRQ�
UHDOL]HG�WKLV�ZDV�QRW�WKH�FDVH�DQG�EHFDPH�WKH�¿UVW�
WR�LGHQWLI\�WKDW�WKH�QHZ�LQIHFWLRXV�GLVHDVH��NQRZQ�
DV�6$56��ZDV�DFWXDOO\�FDXVHG�E\�D�FRURQDYLUXV�
FDOOHG�6$56�&R9��

'U��*XDQ¶V�WHDP�ZDV�WKH�¿UVW�WR�LVRODWH�WKH�FRUR-
QDYLUXV�IURP�ZLOG�DQLPDO�PDUNHWV�LQ�*XDQJGRQJ��
&KLQD��VKRZLQJ�WKDW�LW�ZDV�D�]RRQRWLF�YLUXV�DV�
ZHOO�DV�WKH�LPSRUWDQFH�RI�FORVLQJ�DQLPDO�PDUNHWV��
0HDQZKLOH��'U��3HLULV¶V�WHDP�GHYHORSHG�WHVWV�WKDW�
FRXOG�TXLFNO\�DQG�QRQ�LQYDVLYHO\�GHWHFW�WKH�YLUXV�
LQ�SDWLHQW�VDPSOHV��DQG�EHJDQ�ZRUN�WR�XQFRYHU�
KRZ�6$56�&R9�ZDV�FDXVLQJ�GLVHDVH��7KH�ZRUN�
RI�WKHVH�WZR�VFLHQWLVWV�ZDV�FULWLFDO�IRU�WKH�HDUO\�GL-
DJQRVLV�RI�6$56��KHOSLQJ�GRFWRUV�HIIHFWLYHO\�WUHDW�
SDWLHQWV��DQG�KHOSLQJ�SXEOLF�KHDOWK�DJHQFLHV�DQG�
WKH�VFLHQWL¿F�FRPPXQLW\�WR�WUDFN�WKH�VSUHDG�DQG�
HYROXWLRQ�RI�WKH�GLVHDVH�ZRUOGZLGH��7KHLU�ZRUN�
JUHDWO\�FRQWULEXWHG�WR�WKH�HUDGLFDWLRQ�RI�WKH�6$56�
SDQGHPLF��WR�WKH�SRLQW�ZKHUH�WKH�RXWEUHDN�ZDV�
XOWLPDWHO\�FRQWUROOHG�E\�WHVWLQJ�DQG�LVRODWLQJ�WKRVH�
ZKR�ZHUH�VLFN��EHIRUH�D�YDFFLQH�ZDV�HYHQ�QHHGHG�
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,Q�DGGLWLRQ�WR�ZRUNLQJ�ZLWK�6$56��'U��3HLULV�DQG�
'U��*XDQ�KDYH�DOVR�FRQWULEXWHG�WR�UHVHDUFK�RQ�
VXEVHTXHQW�FRURQDYLUXV�SDQGHPLFV��0(56�DQG�
&RYLG�����7KH\�DOVR�UHPDLQ�YHU\�DFWLYH�LQ�WUDFNLQJ�
LQÀXHQ]D�YLUXVHV�LQ�DQLPDOV��HVSHFLDOO\�WKRVH�ZLWK�
D�KLJK�SDQGHPLF�ULVN��

Importance of global collaboration

'U��3HLULV�ORRNV�EDFN�IRQGO\�DW�WKH�PHPRULHV�DQG�
FROODERUDWLYH�UHODWLRQVKLSV�KH�GHYHORSHG�WKURXJK-
RXW�KLV�FDUHHU��+H�DOVR�FUHGLWV�WKH�UDSLG�GH�HV-
FDODWLRQ�DQG�FRQWURO�RI�WKH�6$56�SDQGHPLF�WR�
WKH�JOREDO�HIIRUW�RUJDQL]HG�E\�WKH�:RUOG�+HDOWK�
2UJDQL]DWLRQ��ZKR�KRVWHG�GDLO\�PHHWLQJV�EHWZHHQ�
VFLHQWLVWV�DURXQG�WKH�ZRUOG�WR�GLVFXVV�QHZ�K\SRWK-
HVHV��GDWD��DQG�FKDOOHQJHV��³,�GRQ¶W�WKLQN�ZH�ZRXOG�
KDYH�EHHQ�DEOH�WR�UHVROYH�WKLV�IDLUO\�TXLFNO\��LI�QRW�
IRU�WKLV�GDLO\�VKDULQJ�RI�LQIRUPDWLRQ�´�'U��3HLULV�
UHFDOOV��

2YHUDOO��WKH�UHVHDUFK�RI�'U��3HLULV�DQG�'U��*XDQ�
SRZHUIXOO\�H[HPSOL¿HV�WKH�LPSRUWDQFH�RI�VFLHQWL¿F�
FROODERUDWLRQ��*OREDO�FRRSHUDWLRQ�LV�HVVHQWLDO�WR�
VROYH�JOREDO�FKDOOHQJHV��ZKHWKHU�LW�LV�SUHYHQWD-
WLYH��VXFK�DV�WUDFNLQJ�DQLPDO�YLUXVHV�DURXQG�WKH�
ZRUOG���RU�UHDFWLYH��¿JKWLQJ�D�SDQGHPLF���$V�ZH�
FXUUHQWO\�GHDO�ZLWK�WKH�HQRUPRXV�LPSDFWV�RI�WKH�
&29,'����SDQGHPLF��DQG�DV�ZH�ORRN�WRZDUGV�WKH�
SRVVLELOLW\�RI�IXWXUH�SDQGHPLFV��ZH�FDQ�EH�JUDWHIXO�
IRU�WKH�JURXQGEUHDNLQJ�ZRUN�RI�'U��3HLULV�DQG�'U��
*XDQ���
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