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ABSTRACT

In West Germany, along major river systems such as the Upper Rhine, the nuisance
caused by flood water mosquitoes very often diminish the quality of life of the local
residents. In the Province of Hubei in the People's Republic of China mosquitoes are
vectors of malaria, Japanese-B- Encephalitis, and lymphatic filariasis. Due to the
incurring resistance, and high development costs, as well as the environmental problems
caused by common and newly developed insecticides, the control of these mosquitoes has
become increasingly more difficult.

In both parts of the world, microbial agents such as Bacillus thuringiensis israelensis
and Bacillus sphaericushave allowed an effective, cost efficient, and environmentally
safe control of these mosquitoes. In West Germany the mosquito population has been
reduced about 90% per year by applying approximately 5-10 tons of B.1.i., depending on
the fluctuation of the Rhine River water level, in about 500 km” of floodlands. In Hubei,
each year about 12 000 hectars of rice fields and sewage ditches are treated with B.t.-187
(local strain) and B.s.C3-41 (local strain)preparations within an integrated control
program against Anopheles sinensis and Culex pipiens quinquefasciatus. The incidence
of malaria has thereby been reduced from 5.6 in 1986 to 0.8/10,000 people in 1989.

T INTRODUCTION

Mosquitoes are worldwide the most common vectors of dangerous diseases such as malaria, arbovirus
diseases, or filariasis. According to WHO estimates, more than one hundred million cases of malaria
occur worldwide each year. More than 2.5 billion people live in areas where malaria is highly endemic.

For example in the Province of Hubei more than 20 million people on both sides of the
Yangtsekiang River are threatened by the malaria agent Plasmodium vivax. During 1985 more than
50,000 cases of malaria were reported, which corresponds to a yearly incidence of 10/10,000 people.
The major vector is the fever mosquito Anopheles sinensis, the control of which has recently become
more and more difficult with the common insecticides, because of developing resistance as well as
ecological and toxicological risks. Other diseases transmitted by mosquitoes are Japanese-B-
Encephalitis, a virus disease transmitted by Culex pipiens quinquefasciatus, Cx. tritaeniorhynchus,
Aedes albopictus, and Anopheles sinensis, and also Brugian and Bancroftian filariasis, transmitted
mainly by An. sinensis and Cx. pipiens quinquefasciatus.

Owing to their massive occurrence along the larger river systems in Europe, mosquitoes, especially
floodwater mosquitoes, can be a terrible nuisance. Due to the frequent fluctuations in the water level on
the Upper Rhine Valley, mosquito populations there were often extremely dense. The dominant
mosdquito species are the floodwater mosquitoes Aedes vexans, Ae. sticticus and
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Ae. rossicus, which breed in temporary water bodies resulting from rises in Lhe water lovel of the
Rhine River (Becker, 1989). Because of the nuisance caused by mosquito bites, the quality of life
in the affected areas was often extremely reduced. During late afternoons and evenings, or on suliry
days, the public was unable to spend any length of time outdoors. It was not uncommon for many
hundreds of mosquitoes (o attack a pedestrian in just a few minutes.

Culex pipiens molestus is the main pest in houses. Their breeding sites are usually rainwater
containers near the houses and other water bodies occurring in summer.

2. CONVENTIONAL MOSQUITO CONTROL

For more than 40 years, chemical insecticides have allowed a relatively simple and economical
contro] of almost all disease vectors. According to WHO calculations, in the early 1980’s more than
50.000 t of chemical insecticides were applied yearly in those developing countries especially
affected by vector-born diseases. Even today, DDT is the most widely used insecticide, representing
approximately 50% of all insecticides used in the tropics. It was first believed that themical
insecticides alone could eradicate diseases such as malaria or onchocerciasis. However, many
vectors soon became increasingly resistant to insecticides. New insecticides had to be developed at
high costs, whereby the rapid development of new resistance could not be excluded. Besides the
resistance problem, environmental problems such as accumulation in the food web and unselective
effects, killing the predators of the mosquitoes as well, accompany the common insecticides. For
these reasons the search for environmentally safe, biological methods of insect control was begun.
Among all of the microbial contro! agents for mosquitoes and black flies, the spore-forming bacteria
such as Bacillus thuringiensis israelensis and Bacillus sphaericus are the most promising. This shall
be illustrated by 1wo samples.

3, MICROBIAL CONTROL OF MOSQUITOES IN GERMANY

As a reaction to the nunisance caused by mosquitoes, approximately 100 towns and villages on both
sides of the Rhine River joined together to form a voluntary mosquito control organization (KABS).
The territory of this organization now covers approximately 300 river kilometers (Becker and
Ludwig, 1983),

The objective of this program is the reduction of the mosquito population to a tolerable tevel
without damaging the ecologically sensitive riverbank areas and their biocoenosis. This objective
has been achieved by the widespread use of microbial agents.

One of the strongest assets of the organization is the well-trained local field staff. There are
usually about 300 people active and the yearly budget is about 1 mill. U.S. dollars. Depending on
the size of the breeding sites, in every community there are between two and eight people responsible
for mosquito control, Besides the community workers, biology students familiar with the local area
are employed during flood periods as temporary workers in the control of Aedes species, receiving
a loan of 6 U.S. dollars.

On the one hand, an integrated control, applying different but compatible methods, reduces the
development of resistance. On the other hand, it allows a more pest-specific control. It is important
that, from the available methods, always those methods are chosen which are not only effective in
the given situation but are also environmentally safe.

The following methods are applied in the mosquito control program in West Germany:

a) Microbiological Methods: For the last eight years, B.t.i.-preparations have been mostly used
in routine control measures. Today the mosquitoes in more than 90% of the area exclusively are
controlied by the KABS with B.t.i.. Bacillus sphaericus preparations are increasingly being used
against Cx. pipiens molesius,

b) Water Management and Related Measures: The protection and encouragement of all natural
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predators is a very important maxim of our integrated methods. As the predators are not affected by
microbial agents, they can continue to feed upon newly hatching mosquito larvae after the breeding
sites have been treated. This also has economical consequences, since in most cases no further
treatments are then necessary,

c) Surface film method: Only when B.t.i. is no longer effective, is a self-spreading biodegradable
surface film, which is a mixture of soybean, lecithin, and paraffin applied in concentrations of 0.4-0.8
ml/m2 against late fourth instars and pupae.

In 1979 we started testing various available commercial B.1.. products, such as BACTIMOS,
TEXNAR, and VECTOBAC (Tables I and 2).

As aresult of these tests, in routine treatments against first and second instar larvae or in shallow
breeding sites, 250 g of B.ri. powder (activity: 6000 AAU/mg) is mixed with 10 liters of
screen-filtered pond water per hectar. The mixture is applied by field workers with a hand-held,
high-pressure sprayer. On the other hand, in deeper breeding sites or when third or fourth instar
larvae are present, 500 g of B.1.i. WP is used. This corresponds to about 1.8 x 10° AA Intemational
Toxic Units per hectar when about 300 g WP are applied.

In order to achieve a sufficiently high mortality rate under field conditions, one liter of fluid
concentrate (Teknar HP-D) or Vectobac 12 AS) is mixed with 9 liters of screen-filtered pond water
per hectar.

‘When high water levels on the Rhine cause widespread inundation or when dense vegetation
occurs, B.ti. granules formulated by ourselves are applied. This formulation consists of 50 kg of
B.ti. wettable powder (activity:6000 AAU/mg) in a cement mixer. This is enough to treat about 2
hectars of breeding site either by helicopter, equipped with a SIMPLEX sprayer, or by hand.

Between 1981 and 1989, more than 40,000 hectars of mosquito breeding sites were successfully
treated with about 18 tens of B.1.i. wettable powder and 17,000 liters of B.1.i. flowable concentrate.
The B.1.i. WP was also used to produce approximately 300 tons of B.1.i. sand granules.

The control of Culex pipiens molestus near houses is based on providing information to the
general public on the biology of the house mosquitoes and strategies for their control. People are
asked 1o destroy all unnecessary water bodies near their homes, to emply the rain water containers
atleast once a week, or to cover them thoroughly. Fishcan also be used as predators or B.Li. briquets
can be applied in rainwater containers, the latter allowing efficient control for several weeks. For
the last 5 years, we provided about 300,000 B.4.I. briquets to the public. Since 1989 we have been
testing briquets on the basis of Bacillus sphaericus to optimize the Culex pipiens control.

As aresult of all these measures, the mosquito population in the Upper Rhine Valley was reduced
each year by over 90%. This has been highly respected by the public, especially regarding the low
costs and the tremendous increase in the quality of life.

4. MICROBIAL CONTROL OF MOSQUITOES IN HUBEI PROYVINCE

In a cooperative program between the Province of Hubei and Baden-Wiirttemberg (West Germany),
the scientific and organizational prerequisites for the large-scale application of microbial agents are
being improved. In detail, the aims of this program are:

a) Intensive exchange of practical and scientific knowledge as well as technology in the field of
integrated mosquito conirol between West Germany and the Province of Hubei.

b) Detailed investigations on the biology and ecolegy of the most important mosquito vectors of
human diseases, as a basis for their successful conirol by microbiological means.

c) Development of low-cost and environmentally safe control measures, which can be applied
at the community level.

d) Effective improvement of the measures and techniques for routine control operations in both
countries in a long-lasting cooperation between the two working groups.



TABLE 1

Field evaluation of various wettable powder formulations of Bacillus thuringiensis H-14 againstlarvae of Aedes vexars and Aedes cantans

Product

No. of larvae/10 dips pre- and post-treatment

Treatment rate Habitat surface/depth Species instars Pretreatment 1 2 (days)
BACTIMOS WP 0.1 kg/ha Swamgy woodlands Ae. cantans 109 22 0
(6000 AAU/mg) 19.5m“/0.15m La/Ly) (79.8) (100)
TEKNAR WP 0.1kgha Swamgy woodlands Ae. cantans 57 43 5
(5800 AAU/mg) 18.2m7/0.15m L) (24.6) 91.2)
VECTOBAC WP 0.1kg/ha Swampy woodlands Ae. cantans 131 119 67
(3600 ITU/mg) 16m*0.1m (La/Ly) (9.2) (48.9)
BACTIMOS WP 0.2 kg/ha Swampy woodlands Ae. cantans 62 3 0
18m%0.1m LaLy) (95.2) (100)
TEKNAR 0.2kg/a Swa.mgy woodlands Ae. cantans 81 38 3
19.5m/0.15m LyLy) (53.1) (96.3)
VECTOBAC 0.2kgha Swampy woodlands Ae. cantans 106 76 1
24m*/0.15m LLly (28.3) (99.1)
TEKNAR WP 0.1kg/ha Floodlands Ae. vexans 130 95 34
120m’/0.2m L Ly (26.9) (73.9)
TEKNAR WP 0.2kg/ha Floodlands Ae. vexans 260 2 0
120m?/0.2m @a-Lo) (99.2) (100)
BACTIMOS WP 0.2kgmha Floodlands Ae._vexans 759 14 2
80/m’/0.2m (L;-Ly) (98.2- 99.7)

( ) =percent reduction; Ly—Ly =larval instars
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TABLE2
Field evaluation of various flowable concentrates of Bacillus thuringiensis H-14 against larvae of Aedes vexars and Aedes cantans

(6861) IIIXX A

No. of larvae/10 dips pre- and post-treatment

Product * Treatment rate Habitat surface/depth Species instars Pretreatment 1 2 3 4 (days)
TEKNAR 402 SC 11/ha Floodlands Ae. vexans 386 7 1 0 0
(1500 AAU/mg) 225m/0.2m L-Ly (98.2) ©9.7) (100) (100)
TEKNAR 402 SC 1l/ha Swampy woodlands Ae. cantans 100 62 31 8 0
(1500 AAUfmg) 6.5m/0.2m Ly (38) (69) (92) (100)
TEKNAR HP-D 11/ha Swampy woodlands Ae. cantans 186 2 0 0 0
(3000 AAU/mg) 6.5m>0.2m LLs) (98.9) (100) (100) (100)
TEKNAR HP-D 11/ha Swampy woodlands Ae. cantans 312 53 16 6 1
(3000 AAU/mg) 12m%0.3m Ly (83.1) (94.9) (98.1) (99.7)
VECTOBAC-AS 11/ha Swa.mgy woodlands Ae. cantans 328 241 51 44 5
(600 ITU/mg) 11.2m°0.3m [(#)] (26.5) '(84.5) (86:4) (98.5)

{ ) =percent reduction; L,-1, =larval instars

24
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4.1. Laboratory tests with Bacillus thuringiensis and B.s. preparatlons

During the first phase of the program, two B.t.i. powder formulations and four B.s. preparations
were tested in the laboratory of the Institute of Parasitic Diseases in Wuhan (Hubei). The tests were
carried out against larvae of Cx. pipiens quinquefasciatus, An. sinensis, and Ae. albopictus at
concentrations of 0,001; 0.01; 0.1; 1 and 10 ppm. While (he B.1.i. preparations were very effective
against larvae of Ae. albopicius (LC50 = 0.025-0.0568 ppm), they were less active against Cx.
quinquefasciatus larvae (LC50 = 0.037-0.28 ppm).

On the other hand, a relatively low dosage of Bacillus sphaericus was already enough to kill
Culex larvae (LC50 = 0,001-0.009 ppm), whereas Aedes larvae are less sensitive (LC50=0.54-0.72
ppm). However, both microbial preparations did not provide satisfactory control of larvae of An.
sinensis (LC50 = 1.9-10 ppm).

4.2. Fleld tests with B.t.l. and B.s.

The most effective laboratory preparations were lested against Cx. pipiens quinquefasciatus and
An. sinensis in eight drainage canals and ponds.

The large scale field tests against Cx. pipiens quinquefasciatus larvae with the most effective
preparations yielded highly sufficient results at concentrations of 0.5-1 ppm for about one week.

Besides testing for efficiency, we could also show that microbial agents have no negative impact
to the ecosystem, especially to the predators of mosquitoes. These field tests, as well as the laboralory
experiments, demonstrated that for the control of Anopheles larvae, more effective microbial
preparations need to be developed in order to reduce the excessive control cosls caused by high
dosages and repeated treatments. In this context it was of interest to develop a slow releasing floating
formulation for the control of Anopheles larvae as a “surface feeder.”

During the last years, about 10 ions of B.t.-187 (local strain) and about 14 1ons of B.s. C3—41
(local strain) have been produced each year by utilization of natural resources in Hubei Province,
which was enough to treat about 12,000 hectars of mosquito breeding sites. In 1989 about 200 kg
of new floating granules were used against Anopheles sinensis larvae treating an area of about 300
hectars of rice fields.

As a result of these measures the incidence of malaria decreased from 5.6 cases/10,000 people
in 1986 to 0.8 cases/10,000 people in 1989 (Xu, Becker and Xianqi, 1990).

B.t.i. and B.s. preparations offer not only high efficiency against mosquitoes coupled wilh low
treatment costs, but also complete safety for all non-target organisms, which can be promising agents
inthe fight against dangerous diseases such as malaria and filariasis. It can be assumed that, through
applying these microbial agents in an integrated program, at least for an acceptable time-period, the
onset of resistance can be prevented.
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ABSTRACT
Fourbiorational larvicide formulations, Duplex® (methoprene combined with B.1.i.), Teknar® (8.2.),
Arosuri® MSF (Monomolecular Surface Film), and Arosurf MSF combined with Teknar, were
evaluated against naturally occurring populations of Anopheles atbimanus Wiedemann in Honduras.
All formulations reduced the mean number of larvae per sample area to Q within 48 hr positreatment,
and gave significant (P <0.05) control through 240 hr posttreatment. The potential for large scale use
of these formulations for vector suppression in Honduras is discussed.

INTRODUCTION

Malaria is the primary arthropod-borne communicable disease in Honduras, with over 30,000 cases
reported in 1985 (PAHO, 1986). The disease is a major deterrent of sociceconomic development in
the tropical Americas. Historically, vecior control has been the major component of any malaria
control program in endemic areas (Sloff, 1987).

Anopheles atbimanus Wiedemann is a major vector of malaria in Central America (Clyde, 1987).
This species has become physiologically resistant to many of the conventional insecticides (Brown,
1986). In addition, behavioral modifications (exophagic behavior) in An. albimanus’s blood feeding
activity, has made standard domiciliary spraying with residual insecticides ineffective (J.C. Stivers,
personal communication). These factors, along with the potential insult to the environment by
synthetic organic insecticides (Matsumura, 1975), has created the need for biorational altemative
control strategies.

Larviciding with biorational forrulations has been proposed as one altemative control strategy
against malaria vectors as part of an integrated vector control program (Sloff, 1987). Various
commercial formulations of Bacillus thuringiensis var. israelensis (B .t.i.) alone, and combined with
a monomolecular surface film (Perich et al., 1987) or methoprene (Perich et al., 1988), have been
found to be efficacious under laboratory conditions against An. albimanus. The purpose of this study
was to evaluate these biorational larvicide formulations against An. albimanus in various breeding
habitats in the Comayagua Valley of Honduras.

“The opinions or assertions contained herein are the private views of the author(s) and are not 1o be construed as official
oras reftecting the views of the Departmeat of the Army or the Department of Defense.
gAgency for Inlemational Development,, Tegucigalpa,, DC,, Honduras,, CA.

Division Control de Vectores,, Ministry of Public Health,, Tegucigalpa,, DC,, Honduras,, CA.
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MATERIALS AND METHODS

The treaiment arcas were located within a 3 kin radius of the city of Comayagua, in the Comayagua
Valley, the principal agricultural area of southcentiral Honduras. This region, historically an endemic
malaria area, contains many drainage/irrigation ditches, small ponds (<0.5 ha), rice fields, and slow
moving streams, known siies of An. albimanus breeding (Breeland, 1972; Rozeboom, 1941).
Treatment applications were randomly assigned to these sites.

The larvicide formulations evaluations were: Teknar®, a commercial monomolecular organic
surface film; Arosurf® MSF combined with Teknar (4:1), noncommercially available formulation;
and Duplex®, a commercially available formulation of Teknar and methoprene combined. All
larvicide formulations were applied as technical grade solutions using a 7.6 liter hand-pumped
compression sprayer. A separate sprayer was used with each formulation. The application rates in
the study were 1.17 liters/ha for the Teknar and Duplex larvicides, and 4.67 liters/ha for the Arosurf
MSFlarvicide. A homogencous suspension of the combined formulation of Arosurf MSF and Teknar
was ensured by vigorous hand shaking throughout the spray operation.

Sites were selected based on pretreatment sampling of previously known positive An. albimanus
breeding sites (L.A. Rivera, personal communication). Once a site was verified to contain An.
albimanus larvae, three, 400 ml dipper samples were taken at three sample points, at a minimum of
5 m apart, prior to treatment. Sample points were marked to ensure that the same points would be
sampled postireatment. Treatments were applied with a fan spray to the sampling point and
surrounding water for a 100 m radius in all directions using a sweeping pattern. Postireatment
samples (3 dips/sample point) were taken at 24, 48, 72 and 240 hr.

The mean number of larvae at each positreatment sampling interval for all formulations was used
as the criteria in evalualing their efficacy against An. albimanus. A completely randomized
experimental design was used; Lhe data were analyzed by an analysis of variance (ANOVA
[SAS/STAT, 1985])). The means of the pre- and postireatment samples were separated by use of
Duncan’s (1955) multiple range test (P £ 0,05).

RESULTS AND DISCUSSION

Allformulations evaluated reduced the number of An. albimanus larvae (1st—4th instar) significantly
within 24 hr postitreatment (Tables 1 and 2). No statistical difference (P < 0.05) was found between
any two of the formulations. Each formulation proyided significant reduction in the number of An.
albimanus 1si—4th instar larvae through 240 hr posttreatment. Ramoska et al. (1982), van Essen and
Hembree (1982), Margalit and Bobroglio (1984), and Ohana et al. (1987) have shown that large
amounts of organic matter in the water significantly reduce the field efficacy and persistence of
B.1... Since organic matter in the treatment area waler was relatively low, the high level of initial
control and persistance provided in this study was expected,

At 24 hr posttreatment, the Arosurf MSF alone did not provide 100% reduction in the 1st and
2nd larval instar populations as did the other three formulations although 100% mortality was
obtained at 48 hr (Table 1). This lower sensitivity of an early An. albimanus instars to Arosurf MSF
corroboraltes previous findings described by Perich et al. (1987). Although no significant pupal data
were collected in this study (only one pupa for entire lest period), the pupicidal activity of Arosurf
MSF can be a significant component in the suppression of An.-albimanus (Perich et al., 1987).

The combined formulation of Arosurf MSF + Teknar has been shown to produce a joint
larvicidal/pupicidal action against An. atbimanus (Perich et al., 1987). This additive effect along
with the induced spreading action afforded by Arosurf MSF (Levy et al., 1984), makes this
formulation highly efficious against An..albimanus, as shown in Tables 1 and 2. A major operational
advantage of using combined formulations (Arosurf MSE + Teknar, Duplex) rather than single
component larvicides is that they can be used against a broader range of immature mosquitoes (1st
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TABLE 1
Mean number of Anopheles albimanus 1st and 2nd larval instar after application
of larvicide formulations in Comayagua, Honduras"

Larvicide . Ohr 24 hrs 48 hrs T2 hrs 240 hrs
Formulation Pre-trt Post-tr _ Post-tr Post-tr Post-ir
Teknar ~ 2.7a Oa - Oa Oa 15a
Arosurf MSF 11.7a 1.0a Oa Oa Oa
Arosurf MSF + Teknar 11.0a Oa Oa Oa Oa
Duplex 173a Oa Oa Ca 1.0a
Controt 18.0a 16.0b 120b 17.7b 11.7b

*Mean number based on three, 400 ml dipper samples pér three sample poinis per sample area.
bMeans within a column followed by the same letter are not significantly different (P < 0.05; Duncan’s [1955}
multiple range test). ’

larval instar-pupal stage). A broad, efficious application range against Az. albimanus immatures is
necessary because of their rapid stadia and continuous breeding in the tropics (Breeland, 1974; Del
Carmen et al,, 1984).

Certain limiting factors are cosmopolitan for any large scale use of B...i. and/or monomolecular
organic surface film formulations for mosquito control. These limiting factors are: short field
persistence by either formulation in areas treated; B.t.i. formulations (excluding combined formula-
tion with Arosurf MSF) not remaining suspended in treated water; little canopy penetration when
aerially applied; and high cost of treatment. These same factors are then potential influences on the
efficacy of all formulations evalualed in this study, when used in large area treatments against An.
albimanus throughout its geographical distribution.

Short persistence in mosquito breeding habitats is a major disadvantage for both B.£.i. (Margalit
and Dean, 1985) and monomolecular organic surface films (Levy et al., 1981). In a subsequent
control operation in the Comayagua Valley, all formulations were found to provide significant
control for only 12 days posttreatment. This limited persistence by B.£.i. can, in part, be atributed
to its ready adsorption to organic particles (Ohana et al., 1987) and gravity which prevent it from
remaining suspended in the water and therefore available for larval ingestion.

/
.’/

. T/ABLE 2
Mean number of Anopheles albimanus 3rd and 4th larval instars after application
of larvicide formulations in Comayagua, Honduras™

Larvicide Ohr 24 hrs 48 hrs 72 hrs 240 hrs
Formulation Pre-ut Post-tr Post-tr Post-tr Post-tr
Teknar 1.8a 0Oa 0Oa 0a Oa
Arosurf MSF 13a 0Oa Oa Oa Da
Arosurf MSF + Teknar 13a ‘Oa Oa Oa 03a
Duplex ‘ 13a 0a Oa Oa 03a
Control 53b 50b 33b 23) 20b

*Mean number based on three, 400 ml dipper samples per three sample poinis per sample area.
*Means within a column followed by the same letter are not significantly different (P £0.05; Duncan’s {1955]
multiple range test).
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Canopy penetration was not a factor in this study because applications were made at ground level
<30 cm from the water surface. Canopy penetration becomes a limiting factor for these formulations
when aerial applications are used in treating large areas. Thus, it becomes necessary to add suitable
canopy penelrating carriers to the active ingredients (B.1.i., Arosurf MSF, and methoprene) in order
to get through the dense vegetalion associated with An. albimanus Yarval habitat (Elliott, 1969).

The cost of using any of the formulations is high (Table 3) when considering the potential need
for retreatment at 10-12 day intervals. Such high application costs make large area treatment with
these formulations prohibitive for most areas in Honduras at the present time.

TABLE 3
Approximate costs for the amount of four larvicide
(ormulations necessary o treat one heclare

Cost per ha
Larvicide formulation (Uss)
Teknar . 6.18
Arosurf MSF ‘ 22.66
Arosurf MSF + Teknar 28.84
Duplex .- 8.90

In conclusion, all formulations evaluated against naturally occurring populations of An. al-
bimanus larvae in the Comayagua Valley of Honduras provided significant control (P < 0.05) within
24 hr and continued to provide such control through 240 hr posttreatment. Results from this study
indicate that these formulations (Teknar, Arosurf MSF, Teknar + Arosurf, and Cuplex), costs
notwithstanding, offer excellent potential as biorational aliernative control sirategies against this
important malaria vector in Honduras.
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