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Impact of Residual Spraying on Rhodnius prolixus and Triatoma
dimidiata in the Department of Zacapa in Guatemala
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As a vector control program to control Chagas disease in Guatemala, residual sprayRigodhius prolixus
andTriatoma dimidiatavas performed, and its impact was measured in the department of Zacapa. In order to identify
infested villages and determine the degree of infestation, a baseline entomological survey to identify municipalities
infested with vectors followed by an additional vector survey in areas known to be infested was conducted. Residual
spraying using pyrethroid insecticides was performed at all the villages identified as being infested with the vectors.
The residual spraying was shown to be highly effective against both vectors by the decrease in infestation indices
after spraying. Analysis of the cost-effectiveness of the spraying showed that the average cost of insecticides per
house is high when compared with that in Southern Cone countries.
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Chagas disease is one of the most serious vector-bdhe Central American countries set a goal for the elimina-
diseases in Guatemala. Itis estimated that in Guatemétan of the transmission of Chagas disease by the end of
4,000,000 people are at risk for Chagas disease, 730,10 through the elimination &. prolixus reduction in
people are currently infected, and 30,000 people are itiie distribution ofT. dimidiata and elimination of the
fected annually (Hayes & Schofield 1990, OPS 200@ansmission off. cruzithrough blood transfusion. In
Schofield 2000). Chagas disease is a parasitic infectidanuary 2000, the Ministry of Health of Guatemala initi-
that in its chronic stage produces irreversible organ damted a vector control program directed at eliminating
age. ltis caused by a flagellate protozdayppanosoma Chagas disease transmission in five departments (Zacapa,
cruzi, which is transmitted to humans through the feceShiquimula, Jutiapa, Santa Rosa, and Jalapa) in the East-
of blood-sucking triatomine bugs. There are three domérn region of Guatemala under the decentralized health
ciliated triatomine species in GuatemaRhodnius system in collaboration with Japan International Coop-
prolixus, Triatoma dimidiata andTriatoma nitidg with  eration Agency (JICA), the Pan American Health Organi-
the main vector species beiRgprolixusandT. dimidiata zation, the University of San Carlos of Guatemala, and the
(Schofield & Dujardin 1997). Medical Entomology Research and Training Unit/Guate-

R. prolixusis a much more efficient vector thdn mala, the Center for Disease Control of the United States
dimidiata in transmittingT. cruzi(Ponce 1999). It ap- and the Center for Health Studies/University of Valle of
pears to be exclusively domestic in Central America arfduatemala (UVG/CDC-MERTUG). Under the health area
can be eliminated (Schofield & Dujardin 1997, Dujardin dhtegrated system (SIAS: Sistema Integral de la Atencién
al. 1998). On the other hanf, dimidiatahas reported en Salud) which is a decentralized health administration
silvatic ecotopes, and is widespread in peridomestic asgstem, each department is administered as a “health area
domestic habitats (Zeledon 1981). (area de salud)”. Each health area is responsible for ex-

Through a national survey of triatomine infestation oécuting health programs such as the vector control op-
236 villages in 22 departments between 1995 and 1997eittion in each department.
was shown that the populations in the departments in the The objective of the study is to evaluate the feasibil-
Eastern part of the country were at highest risk of Chagag of our vector control operation by determining the
disease transmition (Tabaru et al. 1999)dimidiatais  impact on the vectors of residual spraying, which is evi-
reported to be distributed in 21 of 22 departments (ORfnt by change in the house infestation rate in the de-
2002), whileR. prolixusis limited to five departments partment of Zacapa.

(Tabaru et al. 1999) with infestation indices between 0 and
34.5%, and dispersion indices from 0 to 85.7% (Tabaru et MATERIALS AND METHODS

al. 1999). In 1997, World Health Organization (WHO) and The department of Zacapa f13N and 8930E) is lo-
cated 152 km east of Guatemala City (Figure), and has a

population of 200,000 including 40,318 houses and 370
villages in ten municipalities. This department is infested
with R. prolixusandT. dimidiatg with an infestation in-
*Corresponding author. Fax: 81-54-643-3439. E-maildex of 7.8% and a dispersion index of 28.6% (Tabaru et al.
junnakagawa@hotmail.com 1999). All the infested villages were targeted for the vec-
Received 8 August 2002 tor control operation. Our vector control operation in the
Accepted 24 January 2003 department of Zacapa includes a base-line entomological
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survey, an operational vector survey targeted at high-rigkiditional survey at 36 villages that were investigated by
areas, residual spraying of insecticides, cost-analysistbe baseline survey, but none of the houses were searched
the spraying, and a post-spraying vector survey. Theice before the application of insecticides. A total of
vector control was targeted at all the houses in each 905 houses in 156 villages in all the ten municipalities
fested village in the department of Zacapa. From the emere surveyed in these two surveys. Using data from
tomological indicators suggested by WHO for control athese two surveys, we calculated the infestation index for
Chagas disease vectors, we used the following indicesdt infested villages by municipalities.
infestation index = number of houses infested by In both the baseline survey and the operational sur-
triatomines/number of houses examined x 100; dispersigry, between 3 and 44 houses were visited per village,
index = number of villages infested with triatomines/numdepending on the size of the village. Each member of the
ber of villages examined x 100 (WHO 1991, Schofield 2001feam, equipped with a search light and tweezers searched
the inside of the house and peridomestic structures such
vy’ as chicken coops, stables, goat corrals, etc. Each house
- i [ was searched for vectors for 30 min by one team member,
"lﬁ | # or 15 min by two team members. The house was counted
T o “ '3 as infested if at least one vector was found.
" Residual spraying of pyrethroid insecticides on inter-
= ! ~ halwalls and roofs of the houses, and peridomestic struc-
—— F ! tures, was performed at all the houses in the villages found
H‘H 7 Zcapn [T 7T=="" py poth surveys to be infested wih prolixusand/orT.
x__k “\. R dimidiata We used two types of pyrethroid insecticides;
15H / ’ deltamethrin (5% wettable powder at 25 mg a.i./m) and
R‘-w-:' Honduras beta-cyfluthrin (12.5% suspension concentrate at 25 mg
™ a.i./m), both of which were used for Chagas vector control

- Pl . .
F : L in South and Central America and produced successful

p

'““—EI—Ef_L'r_aE” .-,'-'_,._ J'-_ results (Zerba 1999, Schofield 2000), as well as having the
— 5 J lowest price at the time of purchase. JICA purchased
{*-;" deltamethrin in April 2000, and the Ministry of Health
0 200 400 600  kilometer  nrchased beta-cyfluthrin in October 2000. Deltamethrin
was used first until the entire quantity was sprayed, and
then beta-cyfluthrin was used to complete the spraying
operation. Approximately 100 g of deltamethrin or 40 mi
of beta-cyfluthrin, equivalent to one spraypack per house,
) ) o ~ was allocated for spraying at a rate of 40 m|/asing 8l
We focused on Calculatlng the infestation IndeX, S|n(@uarany or 8| Hudson X_pert Spraypacks_ De'tamethrin
the vector control operation targeted infested houses, apds used in the municipalities of Huite, Cabarias,
we can easily follow the reduction in the number of ingysumatian, and Estanzuela. Beta-cyfluthrin was used in
fested houses using an operational survey. In our siyalan, San Diego and Rio Hondo. In the municipalities
veys, we calculated the infestation index at the municipaif | 5 Union, Zacapa, Teculutan, both insecticides were
|ty IeVel in Order to |dent|fy the infestation IeVeI, and tq_jsed_ The Spraying was performed between August and
determine the impact of residual spraying. The baselingvember 2000. Each of the twelve trained personnel
entomological surveys were performed in randomly seprayed an average of eight houses per day for four
lected samples of villages, statistically representative gfonths under the supervision of the ETV section of the
the municipality level. Two teams of two persons fromeajth area of Zacapa.
the vector-born disease section (ETV; Enfermedades ETv personnel visited each household the day before
Transm|t|daS pOI’ VeCtOI‘eS) Of the health area Of Zaca% Spraying to exp'ain the procedure and to request re-
and UVG/CDC-MERTUG performed the survey. The surmoval of all the furniture in the house. On the day of the
vey was conducted in 1,403 houses in 121 villages in t8fraying, each technician explained to the residents ba-
municipalities during the period of May through Auguskic information about Chagas disease, such as its cause,
of 2000. _ _ -  the type of vectors, ways to prevent infestation, and the
In order to locate villages infested with triatominesyeporting procedure in case of reinfestation (if a vector is
an operational vector survey was performed in the Vifound in the house, the residents should put it in a plastic
lages suspected of being infested viRttprolixusandT.  hag and take it to the nearest health service post to have
dimidiata, where infestation was reported or in rural arj analyzed for the presenceBfcruz). A brochure that

eas where the majority of the houses are constructed Witfp|ains the above information was handed out to each
mud walls and/or thatched roofs. Two teams of five pefoysehold, as well.

sons from the ETV section of the health area of Zacapa A post-spraying vector survey was performed in all
with the collaboration of health volunteers performed thigye infested villages six to nine months after spraying.
survey. The operational survey was conducted in 95he surveys were conducted from May to July 2001. Two
houses at 71 villages in ten municipalities during the pefT\ teams consisting of ten people from the health area
ods of March through August of 2000. We conducted a§t zacapa conducted the survey, using the same method-

Location of the department of Zacapa, Guatemala
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ology as that for the operational surveys. Previously invas sprayed, and an average of 89 g of deltamethrin and
fested houses were selected for the survey. 35.6 ml of beta-cyfluthrin was used per house. The spray-
We calculated the average cost of spraying, insectig was performed between August and November 2000.
cides, and transportation per house. We added the costAs a result of the spraying intervention, the infesta-
of the insecticides, the salaries of the contracted persaion index dropped significantly foR. prolixusandT.
nel, and the cost of transportation (fuel and maintenanggnidiata Table Il compares the infestation index of in-
of a vehicle) for the operation. We divided the total cosésted villages pre- and post-spray intervention. After
by the number of sprayed houses. the spraying, the infestation index decreased from 14% to
RESULTS 0.8% in total, from 8.8% to 0% fdr. prolixus and from
5,3% to 0.5% forfT. dimidiata The infestation index
%fropped drastically in the municipalities infested viith
%olixus The infestation index d®. prolixusdecreased

The baseline survey identified the characteristics
the infestation byR. prolixusandT. dimidiatain the de-
partment of Zacapa. Table | shows the infestation ind
of both vectors. The infestation index was 3.4% overall,z - 0 0 o
1.8% forR. prolixusand 1.9% foiT. dimidiata Among f?c.)i"n/olfjtyﬁ(,)zog/(;?pa (from 14.4% to 0%), and Usumatlan
the ten municipalities, the infestation index was highegt ) ’
in_ Zacapa_(9.9%), followed by Rio I—!or_ld_o (5.3%). Th%re
dispersion index was 18.3%, 14%Todimidiata and 5% 545 " 1y Cabanas, the infestationTofdimidiatare-

for R. prolixus ained unchanged after the intervention. Before spray-
As a result of the operational survey, an additional a4 9 X pray

villages were identified as being infested viitiimidiata '19: fIve villages were infested, two (Poblacion Cabafias,
andR. prolixus R. prolixuswas only found in intra- San Luis) withT. dimidiata(one infested house per vil-
domestic areas, while dimidiatawas found both in in- 129€), and three witR. prolixus(Los Achiotes and Los
tra- and peri-domestic areas. Among a total of 62 infest&f/cuentros with two infested houses each, and Santo
villages, R. prolixuswas found in 32 villages, aifl 10mas with one). After the spraying, whileRoprolixus
dimidiatawas found in 37 villages. Six villages were foundVas foundT. dimidiatawere found in two villages previ-

to be infested with both species. The infestation inded¢'Sly not infested by, dimidiata(Los Achiotes and
for the 62 infested villages was 14% in total, 8.8%or Santo Tomas with one infested house each). The reasons

prolixus and 5.3% foiT. dimidiata The infestation rate fOr the unchanged infestation index could be infestation
for R. prolixuswas particularly high in the municipalities frqm outside foci, or survival from_ domiciliary foci which
of La Union (15.2%), Usumatlan (14.4%), and Zacapﬁ“ght have been.overlooked during the survey before the
(14.4%). The infestation rate fordimidiatawas highest nsecticide spraying. _
in the municipalities of Rio Hondo (21.3%), followed by _ Both deltamethrin and beta-cyfluthrin proved to be
Huite (8.5%). effective against botR. prolixusandT. dimidiataas
Residual spraying was performed at a total of 5,2g8hown in Table Ill. Compared to the cost for salaries and
houses out of the 5,684 houses (93%) located in the Bansportation, the major cost of house spraying was the
triatomine-infested villages. The majority of the resident€ost of the insecticide. The average cost of spraying
welcomed the spraying; 398 houses (7%) were not spraye@ch house was US$9.12 (Table IV). The average cost of
due to the absence of the residents (329 houses), or iffgecticide/house is US$6.57. The cost of 12 contracted
refusal to allow spraying by the residents (69 houses). personnel was US$2.23/house. The cost of transport was
total of 356.4 kg of deltamethrin and 55.91 of beta-cyfluthrit) S$0.32/house.

highly infested municipalities such as La Union (from

In the case of. dimidiatg the infestation index de-
ased from 21.3% to 4.4% in the municipality of Rio

TABLE |

The results of the baseline randomly sampled entomological suri&hodhius prolixusindTriatoma dimidiatan the
department of Zacapa

Infestation index (%)

Municipalities Inspected houses Combined R. prolixus T. dimidiata
Cabafias 126 0.7 0 0.7
Estanzuela 46 0 0 0
Gualan 157 0.6 0 0.6
Huite 151 4.6 0 4.6
La Unién 159 4.4 3.8 0.6
Rio Hondo 151 5.3 0 5.3
San Diego 135 15 0 15
Teculutan 155 0 0 0
Usumatlan 172 4.1 4.1 0
Zacapa 151 9.9 6 4
Total 1,403 34 1.8 1.9

A total of 121 villages were investigated.
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TABLE Il

Comparison of infestation index (%) &hodnius prolixugndTriatoma dimidiatabefore and after residual spraying of infested
villages in the department of Zacapa in Guatemala

Pre-spraying Post-spraying
Inspected Inspected

Municipalities houses Combined R.prolixus T.dimidiata houses Combined R.prolixus T. dimidiata
Cabafias 65 10.8 7.7 3.1 65 3.1 0 3.1
Estanzuela 21 4.8 0 4.8 21 0 0 0
Gualan 35 8.6 5.7 2.9 35 0 0 0
Huité 188 12.8 4.3 8.5 170 0 0 0
La Unién 191 16.8 15.2 2.1 197 1.5 1 0.5
Rio Hondo 47 21.3 0 21.3 46 4.4 0 4.4
San Diego 70 7.1 0 7.1 46 0 0 0
Teculutan 80 6.3 0 4.4 78 0 0 0
Usumaltan 97 16.5 14.4 2.1 97 0 0 0
Zacapa 153 19 14.4 4.6 168 0 0 0
Total 947 14 8.8 5.3 923 0.8 0 0.5

A total of 62 villages were investigated before and after the spraying.

TABLE Il

Comparison of infestation index (%) &hodnius prolixusindTriatoma dimidiataby sprayed insecticide before and after
residual spraying of infested villages in the department of Zacapa in Guatemala

Pre-spraying Post-spraying
Inspected Infestation index Inspected Infestation index
Insecticides houses Combined R.prolixus T.dimidiata houses Combined R. prolixus T.dimidiata
Deltamethrin 710 14 9.9 4.4 681 0.6 0.1 04
Beta-cyfluthrin 237 13.5 51 8.9 242 1.2 04 0.8

Among the 62 infested villages, deltamethrin was sprayed in 4,059 houses, and beta-cyfluthrin was sprayed in 1,625 houses.

TABLE IV of spraying (which has been initiated in September 2001).
Cost of the spraying operation of 5,286 houses in ZacapaHowever, in order to assure the eliminatiofRoprolixus
(Uss)? in Zacapa, 100% of the houses in the infested villages

need to be sprayed. Also itis necessary to conduct evalu-

Cost Cost per house : .
— ations using not only manual searches of the houses, but
:_nsbeCt(':C'dé’ ii-;gé’gg gg; also utilizing passive monitoring tools such as traps, and
abor . i i i iti
' ' whi r pinn wall to monitor th ition of
Transport® 1.684.90 0'32 te paper pinned to a wall to monitor the deposition o

feces of triatomine vectors (Schofield 2001).
Total 48.225,70 9,12 In the case of. dimidiata the spraying worked well,

a US$1 was approximately 7.8 Quetzales (Q) at time of sprayinﬁ”d the mfgstatlon rate declm_ed S|gn_|f|cantly_ 6—_9_months
b: the cost of deltamethrin is US$72/kg, and that of beta—cyfluthrﬁf'[er spraying. However, reinfestation bydimidiata
is US$160/I;c: the cost of labor includes the monthly salariedhas been observed after the residual spraying of pyre-
(US$245,60) of 12 contracted personnel for spraying for fouhroids in Central America (Oliveira Filho 1997). In order
months;d: the cost of transport includes fuel and the cost of thip avoid reinfestation after spraying, and to make our in-
maintenance of the vehicle; 505.96 gallons of diesel oil (US$1,3@&rvention strategy sustainable, continued vigilance of
gallon) was used, and US$996,79 was spent on the maintenagggtor infestation in both sprayed and non-sprayed vil-
of the vehicle. lages by the residents and by health personnel of the
health area is necessary. To do so, health volunteers,
schoolteachers, community leaders should be involved
and trained. In addition, we have started operations to
DISCUSSION check the infestation and colonization index separately
The results of the pre- and post-spraying survey8r intra- and peri-domestic infestation in order to evalu-
showed that one-time spraying worked well against bogie the control of intra-domestic infestation and coloniza-
vectors. Since thR. prolixusis a domestic vector, insec- tion which is critical for human transmissionfcruzi
ticide spraying alone could eliminate the vector. The elimWWHO 2002).
nation ofR. prolixusis attainable by spraying 100% of It was found that the cost of insecticides is high in
the houses in the infested villages, and by a second roatatemala. The average cost of spraying insecticides per
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house in the Southern Cone region (Argentine, Brazil, transmision vectorial de la enfermedad de Chagas por
Uruguay, Paraguay, Chile, and Bolivia) is US$4.00 (OPS Rhodnius prolixugdisminucion de la infestacion domiciliaria
1998). In Brazil, the major cost of spraying for Chagas pprTriatoma dimidiatay elimlinacién transmision transfu-
disease vectors is salary and transportation costs, andSional deffrypanosoma cruziDocument OPS/HCP/HCT/
not insecticides (Olveira Filho 1989, Schofield & Dias 1991, %)6(;1/ %‘1’ Organizacion Panamericana de Salud, Washington
Akhavan 2000). Negotiation should be undertaken to low i

- ; gPS-Organizacién Panamericana de Salud 2002. Taller para el
the costs in order to increase the coverage of vector con- gqiaplecimiento de Pautas Técnicas en el Contraride

trol with limited financial resources. atoma dimidiata,Document OPS/HCP/HCT/214/02,
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