
���� (PHUJLQJ�,QIHFWLRXV�'LVHDVHV���ZZZ�FGF�JRY�HLG���9RO������1R�����)HEUXDU\�����

',63$7&+(6

'HQJXH�SUHYHQWLRQ�HIIRUWV�UHO\�RQ�FRQWURO�RI�YLUXV�YHFWRUV��:H�
LQYHVWLJDWHG�XVH�RI�LQVHFWLFLGH�WUHDWHG�VFUHHQV�SHUPDQHQWO\�
DI¿[HG�WR�ZLQGRZV�DQG�GRRUV�LQ�0H[LFR�DQG�IRXQG�WKDW�WKH�
VFUHHQV�VLJQL¿FDQWO\�UHGXFHG�LQIHVWDWLRQV�RI�Aedes aegypti 
PRVTXLWRHV�LQ�WUHDWHG�KRXVHV��2XU�¿QGLQJV�GHPRQVWUDWH�WKH�
YDOXH�RI�WKLV�PHWKRG�IRU�GHQJXH�YLUXV�YHFWRU�FRQWURO�

Vector control is the primary method for prevention and 
control of the increasingly frequent dengue outbreaks 

that threaten more than half the global human population 
(1). Existing approaches target breeding sites or attack 
adult mosquitoes by insecticide space-spraying, but these 
methods, at best, offer only immediate solutions and are 
rarely effective or sustainable for the long term (2). Meth-
ods that target the largely endophilic adult female Aedes 
aegypti mosquito vectors within buildings where they rest 
and bloodfeed have greater potential for sustained results 
and acceptance at the community level. One such meth-
od, long-lasting insecticidal-net (LLIN) curtains hung at 
windows or doors, can greatly reduce vector populations 
at high coverage rates (3–5), but efforts are compromised 
when curtains remain open during daytime or when all 
house entry points cannot be protected (6,7). Fixed or  
permanent screens covering doors and windows could 
HOLPLQDWH�WKLV�SUREOHP��0RVTXLWR�SURR¿QJ�RI�KRXVHV�LV�HI-
fective in malaria control (8), and reduced risk for dengue 
has been associated with the use of untreated (9) and insec-
ticide-treated (3,10) screens.

The Study
'XULQJ�����±������ LQ� WKH� FLW\�RI�$FDSXOFR� LQ�*XHUUHUR�
state, Mexico (Figure 1), an area of consistently high den-
JXH� WUDQVPLVVLRQ� �KWWS���ZZZ�HSLGHPLRORJLD�VDOXG�JRE�
mx/dgae/panodengue/intd_dengue.html), we investigated 
the effect on vector infestations of permanently mount-
HG�� LQVHFWLFLGH�WUHDWHG� VFUHHQV� ¿WWHG� WR� GRRU� DQG� ZLQ-
dows of residential houses. The screens (Duranet, Clarke  
Mosquito Control, Roselle, IL, USA) were made of 
������ZW�ZW�Į�F\SHUPHWKULQ±WUHDWHG�QRQÀDPPDEOH�SRO\-
HWK\OHQH�QHWWLQJ������GHQLHU��PHVK� �����KROHV�LQ2��� WKH�
design is approved by the World Health Organization 
�:+2�� 3HVWLFLGH� (YDOXDWLRQ� 6FKHPH� �KWWS���ZZZ�ZKR�
int/whopes/en/).

We used a cluster-randomized sampling design con-
structed on the basis of earlier studies (4–6,11��WR�VHOHFW����
FOXVWHUV�����WUHDWPHQW�����FRQWURO������KRXVHKROGV�FOXVWHU��
IURP�D�SRVVLEOH����FOXVWHUV�E\�XVLQJ�GLJLWDO�PDSV��*RRJOH�
(DUWK� VRIWZDUH��*RRJOH� ,QF���0RXQWDLQ�9LHZ��&$��86$��
(Figure 1). Sample size was determined by using a 2-level 
KLHUDUFKLFDO�PRGHO� WR� DFKLHYH� ���� SRZHU� DW� D� ��� OHYHO�
RI�VLJQL¿FDQFH��7KXV��IRU�D�QHJDWLYH�ELQRPLDO�GLVWULEXWLRQ�
ZLWK�D�GLVSHUVLRQ�FRHI¿FLHQW�RI������DQG�LQWUDFOXVWHU�FRHI¿-
FLHQW�RI�������D�PLQLPXP�RI�����FOXVWHUV�DUP�ZHUH�UHTXLUHG��
Written informed consent was obtained from participating 
KRXVHKROGV�� WKH�:+2�(WKLFDO�5HYLHZ�&RPPLWWHH��:+2�
UHIHUHQFH� QR�� �������������� XQLW� UHIHUHQFH� QR�� $�������
DQG�*XHUUHUR�6WDWH�0LQLVWU\�RI�+HDOWK�JUDQWHG�HWKLFDO�SHU-
mission for the study.

Participating households in the treatment arm were in-
structed on LLIS maintenance during installation (April–
'HFHPEHU� ������� &RQWURO� KRXVHV� UHFHLYHG� QR� WUHDWPHQW��
Five entomologic surveys of randomly selected houses 
ZHUH� FRQGXFWHG�� EHIRUH� LQWHUYHQWLRQ� �0DUFK� ������ 6HS-
WHPEHU�������0DUFK�������DQG�DW��� DQG����PRQWKV�DIWHU�
LQWHUYHQWLRQ� �6HSWHPEHU� ������0DUFK� ������ZHW� DQG� GU\�
seasons, respectively). Before intervention, 32 houses per 
FOXVWHU�ZHUH�VDPSOHG�DW�HDFK�VXUYH\��DIWHU�LQWHUYHQWLRQ������
KRXVHV�IURP�WUHDWHG�FOXVWHUV�DQG�����IURP�FRQWURO�FOXVWHUV�
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$XWKRU�DI¿OLDWLRQV��8QLYHUVLGDG�$XWyQRPD�GH�<XFDWDQ��0HULGD��
0H[LFR��3��0DQULTXH�6DLGH��0��%DUUHUD�3HUH]��*��*XLOOHUPR�0D\��
-��+HUUHUD�%RMRUTXH]���6HUYLFLRV�GH�6DOXG�GH�<XFDWiQ��*RELHUQR�
GHO�(VWDGR�GH�<XFDWDQ��0HULGD��$��&KH�0HQGR]D���6HUYLFLRV� 
(VWDWDOHV�GH�6DOXG�GH�*XHUUHUR��&KLOSDQFLQJR��0H[LFR� 
�)��']XO�0DQ]DQLOOD��&��*XWLHUUH]�&DVWUR���&HQWHUV�IRU�'LVHDVH�
&RQWURO�DQG�3UHYHQWLRQ��$WODQWD��*HRUJLD��86$��$��/HQKDUW���
(PRU\�8QLYHUVLW\��$WODQWD��*��9D]TXH]�3URNRSHF���:RUOG�+HDOWK�
2UJDQL]DWLRQ��*HQHYD��6ZLW]HUODQG��-��6RPPHUIHOG��$��.URHJHU��
/LYHUSRRO�6FKRRO�RI�7URSLFDO�0HGLFLQH��/LYHUSRRO��8.��3�-��0F&DOO���
&HQWUR�1DFLRQDO�GH�3URJUDPDV�3UHYHQWLYRV�\�&RQWURO� 
GH�(QIHUPHGDGHV��0H[LFR�&LW\��0H[LFR��-�,��$UUHGRQGR�-LPHQH]�

'2,��KWWS���G[�GRL�RUJ���������HLG�����������

�&XUUHQW� DI¿OLDWLRQ�� 8QLYHUVLGDG� $XWRQRPD� GH� 1XHYR� /HRQ��
0RQWHUUH\��0H[LFR�
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ZHUH� VDPSOHG� LQ� 6HSWHPEHU� ����� DQG� ���� KRXVHV� IURP�
WUHDWHG�DQG�����IURP�FRQWURO�FOXVWHUV�LQ�0DUFK������

Indoor resting adult mosquitoes were collected by us-
LQJ�PRGL¿HG�&'&�EDFNSDFN�DVSLUDWRUV��-RKQ�:��+RFN�&R���
*DLQHVYLOOH��)/��86$��IURP�DOO�KRXVHV�LQ�D�FOXVWHU�RQ�WKH�
VDPH�GD\�GXULQJ���am–3 pm. Indices for Ae. aegypti mos-
quitoes (the only Aedes species found) were calculated to 
quantify house infestation (percent of all houses positive) 
and infestation density (numbers per infested house) for all 
mosquitoes, all females, all blood-fed females, and males.

For presence–absence data, we performed logistic re-
gression models with a single predictor variable identifying 
KRXVHV�ZLWK�//,6�DQG�FRQWURO�KRXVHV� �FRGHG�DV���DQG����
respectively) and accounting for each house membership 
in a given sampling cluster (cluster-robust SE calcula-
WLRQ���2GGV�UDWLRV��25V��DQG�����&,V�LQGLFDWLQJ�WKH�HIIHFW�
of LLIS on each entomologic indicator were calculated. 
Overdispersed index data were compared between arms by 
using the Mann-Whitney U test. The effect of treatment on 
each metric was analyzed by negative-binomial regression 
using, as with the logistic models, treatment as the sole pre-
GLFWRU�YDULDEOH����DQG���FRGLQJ���1HJDWLYH�ELQRPLDO�PRGHOV�
also accounted for membership of a house in a sampling 
cluster (cluster-robust SE calculation). ORs and incidence 
UDWH� UDWLRV� �,55V��ZHUH� FDOFXODWHG�ZLWK�����&,V�� VLJQL¿-
FDQFH�ZDV�VHW�DW�S�������$QDO\VHV�ZHUH�SHUIRUPHG�E\�XVLQJ�
6WDWD�������6WDWD&RUS��&ROOHJH�6WDWLRQ��7;��86$��

Before intervention, indices were similar for both 
study arms on all sampling dates. House infestation rates 
(Figure 2, panels A–D) and mosquito densities (Figure 2, 
panels E–H) followed seasonal patterns (2-sample Wil-
coxon rank-sum test for all treatment–control comparisons, 
_]_������S!������$W���PRQWKV�SRVWLQWHUYHQWLRQ��VLJQL¿FDQWO\�
fewer treated than control houses were infested with Ae. 
aegypti�DGXOW�IHPDOH�PRVTXLWRHV��25�����������&,�����±
�������EORRG�IHG�IHPDOHV��25�����������&,�����±�������DQG�
PDOHV� �25�����������&,�����±�������$�VLJQL¿FDQW�HIIHFW�
ZDV�VWLOO�VHHQ�DW����PRQWKV�IRU�DGXOW�IHPDOHV��25�����������
&,�����±������DQG�PDOHV��25�����������&,�����±������EXW�
QRW� IRU�EORRG�IHG� IHPDOHV� �25�����������&,�����±�������
Analyses of infestation density showed similar trends, 
ZLWK� VLJQL¿FDQWO\� IHZHU�Ae. aegypti mosquitoes found in 
WUHDWHG�WKDQ�LQ�FRQWURO�KRXVHV��DGXOW�IHPDOHV�DW����,55�������
����&,�����±������DQG�����,55�����������&,�����±������
PRQWKV� SRVWLQWHUYHQWLRQ�� PDOHV� DW� �� �,55� ������ ���� &,�
����±������DQG�����,55� ����������&,�����±������PRQWKV�
SRVWLQWHUYHQWLRQ�� DQG� EORRG�IHG� IHPDOHV� DW� �� �,55� ������
����&,�����±������EXW�QRW���� �,55������� ����&,�����±
������PRQWKV�SRVWLQWHUYHQWLRQ�

A comparison of wet season data from treatment 
KRXVHV�EHIRUH� �$XJXVW�������DQG�DIWHU� �6HSWHPEHU�������
LQWHUYHQWLRQ� VKRZHG� WKDW� VLJQL¿FDQWO\� IHZHU� IHPDOHV� DQG�
blood-fed females were found postintervention (Wilcox-
RQ�PDWFKHG�SDLUV�:� ��������z� ��������DQG�:� ��������

Figure 1.�$UHD�RI�VWXG\�RI�ORQJ�
ODVWLQJ�LQVHFWLFLGH�WUHDWHG�VFUHHQV�
LQ�$FDSXOFR��0H[LFR��0DUFK�
����±0DUFK�������$��/RFDWLRQV�
RI�FOXVWHUV�LQ�WKH�QHLJKERUKRRGV�
RI�&LXGDG�5HQDFLPLHQWR�DQG�
=DSDWD��VKRZLQJ�DUHDV�ZLWK��UHG��
DQG�ZLWKRXW��EOXH��VFUHHQV��,QVHWV�
VKRZ�ORFDWLRQ�RI�VWXG\�DUHD��EODFN�
ER[��LQ�$FDSXOFR�DQG�*XHUUHUR�
VWDWH��EODFN�VKDGLQJ��LQ�0H[LFR��
%��3KRWRJUDSKV�RI�VFUHHQV�
PRXQWHG�RQ�DOXPLQXP�IUDPHV�
DQG�¿[HG�WR�ZLQGRZV�DQG�H[WHUQDO�
GRRUV�RI�WUHDWHG�KRXVHV�LQ�������
7KH�LQVHFWV�YLVLEOH�LQ�WKH�ULJKW�
SKRWRJUDSK�DUH�GHDG�KRXVH�ÀLHV�
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z�  � ������� S������ IRU� ERWK� FRPSDULVRQV��� +RZHYHU�� WKH�
QXPEHU� RI�PDOH�PRVTXLWRHV� GLG� QRW� FKDQJH� VLJQL¿FDQWO\�
�:� ��������z� ��������S!������

At 5 months postintervention, fewer LLIS-treated hous-
HV�������WKDQ�FRQWURO�KRXVHV�������UHPDLQHG�LQIHVWHG�ZLWK�
female Ae. aegypti mosquitoes. Lower numbers of female  
PRVTXLWRHV�ZHUH�DOVR�IRXQG�SHU�LQIHVWHG�KRXVH��������������
WKDQ�SHU�FRQWURO�KRXVH���������������WKLV�HIIHFW�ZDV�VWLOO�GH-
WHFWDEOH�DW����PRQWKV�SRVWLQWHUYHQWLRQ������������������YV��
����������������

Conclusions
In our study, the entomologic effect of LLIS was greater 
than that detected in a recent study of deltamethrin-treat-
ed window curtains (12��� LQ� ZKLFK� � D� ���� UHGXFWLRQ� RI� 
adult Ae. aegypti mosquitoes was only sustained for a short 
time after curtain installation. Other studies of insecticide-

treated curtains in Latin America have reported entomolog-
ic effects by using immature stage indicators alone (4,5,7). 
:KHWKHU�WKHVH�UHGXFWLRQV�ZHUH�VXI¿FLHQW�WR�DIIHFW�GHQJXH�
transmission is unknown, and the overall effect on dengue 
infections remains to be evaluated.

Our results are encouraging in view of high levels of 
insecticide resistance in Ae. aegypti mosquitoes in Aca-
SXOFR��$OWKRXJK�UHVLVWDQFH�WR�Į�F\SHUPHWKULQ�KDV�\HW�WR�EH�
UHSRUWHG�LQ�*XHUUHUR��KLJK�IUHTXHQFLHV�RI�PXWDWLRQV�LQ�WKH�
voltage-gated sodium channel gene, which is associated 
with pyrethroid resistance in Ae. aegypti mosquitoes, have 
been reported (13). If insecticide resistance began to reduce 
WKH�HI¿FDF\�RI�WKH�PHWKRG�ZH�GHVFULEH��WKH�VFUHHQV�FRXOG�EH�
treated with different insecticide classes. 

We found the use of LLIS was a popular intervention, 
DQG� SHUFHLYHG� HI¿FDF\� ZDV� UHLQIRUFHG� E\� D� UHGXFWLRQ� LQ�
other domestic pests (Figure 1) (14). The likely effects on 

Figure 2. ,QIHVWDWLRQ�LQGLFHV�
IRU�DGXOW�Aedes aegypti 
PRVTXLWRHV�LQ�LQWHUYHQWLRQ�
�VROLG�OLQHV��DQG�FRQWURO�
�GDVKHG�OLQHV��KRXVHKROGV�
EHIRUH�DQG�DIWHU�LQWHUYHQWLRQ�
LQ�$FDSXOFR��0H[LFR��DV�
PHDVXUHG�GXULQJ�GU\��0DUFK��
DQG�ZHW��$XJXVW±6HSWHPEHU��
VHDVRQ�FURVV�VHFWLRQDO�
VXUYH\V������±������$±'��
9HFWRU�SUHYDOHQFH��SHUFHQWDJH�
RI�KRXVHV�SRVLWLYH�IRU�$��DOO�
DGXOWV��%��DOO�IHPDOHV��&��
EORRG�IHG�IHPDOHV��'��PDOHV��
(±+��9HFWRU�GHQVLW\��PHDQ�
QXPEHU�SHU�LQIHVWHG�KRXVH�IRU�
(��DOO�DGXOWV��)��DOO�IHPDOHV��*��
EORRG�IHG�IHPDOHV��+��PDOHV��
(UURU�EDUV�LQGLFDWH�6(V��)LWWLQJ�
RI�LQVHFWLFLGH�WUHDWHG�ZLQGRZ�
DQG�GRRU�VFUHHQV�FRPPHQFHG�
GXULQJ�$SULO�������$VWHULVNV��
��
GHQRWH�GDWHV�ZKHQ�WKH�LQGH[�
ZDV�VLJQL¿FDQWO\�GLIIHUHQW�
EHWZHHQ�WUHDWHG�DQG�FRQWURO�
JURXSV�
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other peridomestic disease vectors could promote increased 
DGRSWLRQ�RI� WKH�LQWHUYHQWLRQ�ZLWK�DGGLWLRQDO�FRVW�EHQH¿WV��
7KH�SRO\HWK\OHQH�QHWWLQJ�ZDV�GXUDEOH�RQ�ZLQGRZV��LW�ZDV�
often damaged on the lower sections of doors (14) but read-
ily repaired by reinforcement with metal mesh.

Dengue vector control programs using house screens 
are ongoing in selected cities in Mexico and Brazil. These 
results were obtained during an exploratory phase of that 
initiative. Stakeholders in other countries may also consid-
er evaluating this novel approach for dengue vector control.
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