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Abstract

Objective. To evaluate indoor use of commerecial aerosols
for dengue vector mosquito control,and estimate the number
of treatable houses per can. Materials and methods.
Four aerosol products containing combinations of pyrethroids
(two containing propoxur and one containing synergists too),
were evaluated with mosquitoes in a room of a Tapachula-
style house. Eight cages containing 20 insecticide susceptible
or resistant females were hung from tripods, another set was
placed in sheltered areas of the room. From the entrance of
the room, one of 4-9 concentrations was sprayed for each
aerosol, leaving the mosquitoes for 30 min after sprayed.
Mortality was recorded after 24 h and lethal concentrations
were calculated. Results. Aerosol A had the highest LC
with 0.308 g for mosquitoes hanging from tripods and 0.453
g for sheltered mosquitoes; followed by aerosols C, D and
B, with statistical differences between types of exposure.
Conclusions. Aerosols B-D could spray 20-25 3-room
houses (56 m3-room), killing all resistant mosquitoes.Aerosols
may become a good tool for indoor mosquito control, if the
optimal concentration and correct spray method are used.
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Resumen

Objetivo. Evaluar el uso en interiores de aerosoles co-
merciales para el control de mosquitos vectores de dengue,
estimando el niimero de casas tratables por lata. Material
y métodos. Se evaluaron cuatro aerosoles que contenian
combinaciones de piretroides (dos propoxur y uno sinergis-
tas también), en una habitacion de casa estilo Tapachula con
mosquitos dentro de jaulas. Ocho jaulas, cada una con 20
hembras susceptibles o resistentes a insecticidas, se colgaron
en tripodes, junto con ocho jaulas escondidas en la habitacion.
Una de 4-9 concentraciones se rocio desde la entrada de la
habitacion, dejando los mosquitos durante 30 min después
del rociado; se estimaron las concentraciones letales con
mortalidades después de 24 h. Resultados. El aerosol A
tuvo los CL,, mayores, con 0.308 g para mosquitos de los
tripodes y 0.453 g para mosquitos escondidos; seguido de
aerosoles C, D y B, con diferencias estadisticas entre el tipo
de exposicion. Conclusiones. Los aerosoles B-D podrian
rociar 20-25 casas de tres cuartos (56 m? por cuarto), y
matar a los mosquitos resistentes. Los aerosoles pueden
convertirse en una herramienta para el control de mosquitos
en interiores de casas, si se usa la concentracion optima y el
método de rociado correcto.
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Controlling the primary vector is currently the most
effective approach to reduce transmission for some
vector borne diseases. Commercial aerosol insecticides
are designed for usage in homes and recommended to
control several types of pest arthropods, but for vector-
borne diseases could represent an additional tool in
an integrated approach, particularly with community
participation. Arboviruses transmitted by Aedes aegypti
might be most controllable with commercial aerosols,
since the vector is primarily confined to urban settings.
For example, one study found that when aerosol cans
were used in households, there were significantly
reduced numbers of dengue cases when compared to
those using traditional outdoor ultra-low volume (ULV)
applications.? Others found aerosol cans to be among
the most frequently used protective items purchased by
households in Merida, Yucatan,® demonstrating that it
is a more accepted control measure compared to ULV
applications.

Adulticides are mainly applied as ULV by vehicle-
mounted equipment, but backpack ULV sprayers or
thermal foggers for indoor applications have been very
useful for Ae. aegypti control.> Indoor residual spraying
(IRS) also has shown to be effective in controlling this
species.” Pyrethroids are commonly used insecticides,
therefore pyrethroid-resistance in mosquitoes is high
and broadly distributed worldwide.*!! Mexico is no
exception to this, and different types of resistance with
several mutations conferring knock down resistance
(kdr) have been reported.!*1° Insecticide resistance will
play a key factor on the efficacy of any aerosol applied
indoors. Active ingredient (AI) composition and for-
mulation could both contribute to the overall efficacy
of the aerosol product. Permethrin resistance in Asian
mosquito populations was most likely the reason for
poor efficacy of a permethrin-based aerosol can as
compared to a cypermethrin-based one.* Also, all the
products evaluated by Kuri-Morales and colleagues
(2018)"7 were pyrethroid-based formulations, and only
23% achieved 100% mortality.

In the context of insecticide resistance management,
the impact that the use of commercial aerosols may have
on both susceptible and resistant Ae. aegypti populations
becomes relevant. Even if the same active ingredients
are included in different commercial aerosols, the ef-
fectiveness may vary depending on its formulation.
Therefore, it is recommended that assessments also be
made on the different commercial aerosols containing
the AI as well as synergists.'® Herein we evaluate the
effectiveness of four commercial aerosols based on
their calculated lethal concentrations (LC) against two
strains of Ae. aegypti, one susceptible and one resistant to
pyrethroids, under semi-field conditions in a Tapachula
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style house. The feasibility and effectiveness of applying
in the field the recommendations that we make accord-
ing to our results would have to be evaluated together
with the local control program, and the support of the
community, where advice on the optimal concentration
of the preferred aerosol insecticide and how to spray it,
depending on the environmental and physical condi-
tions of the houses, and whether the mosquitoes are
resistant or susceptible to insecticides would be crucial
for the expected success.

Materials and methods

Mosquito strains

The susceptible reference strain New Orleans, and the
resistant field strain collected in Acapulco, México in
2015 with a calculated bifenthrin Resistant Ratio (RR)
of 33 (WHO method) were used, and reared under in-
sectary conditions at 27+2°C, 70+10 RH and 12:12 (L:D)
h photoperiod. For each experiment, 1-3 day-old non
blood-fed female mosquitoes were used, provided with
10% sucrose solution.

Test room and type of exposition
for mosquitoes

The study was conducted in Tapachula from July to
November 2016 (protocol evaluated by the ethics com-
mittee of the Instituto Nacional de Salud Piiblica, INSP).
A typical room, 4.7 m long by 4 m wide and 3 m high,
was used for the experiments (figure 1), with a couch
set, bookshelf, TV, TV shelf, desk, center table, fan, and
window curtains. All walls were plastered and painted
atleast three years before the tests and the roof consisted
of zinc metal sheets without insulation. The room had 24
ventilation holes of 20 cm? located at 2.5 m height, dis-
tributed in three walls (figure 2A). Within the room and
aligned from the front door to the next room’s door, four
PVC tripods 1.5 m high, were placed one meter apart.
At both arms of each tripod, two cylinder-mesh-cages
(1000 cm®) containing 20 female mosquitoes each, were
arranged side by side and hung from the tripod, with
a total of eight cages, four with resistant and four with
susceptible mosquitoes, placed interspersed. Another
set of eight cages were placed in four “potentially”
sheltered places, which were under the bookshelf, un-
der the armchair, under the desk, and under the center
table (figure 1). This set up was intended to simulate
exposed and sheltered mosquitoes, respectively. All
the spray concentration tests of the four commercial
aerosol cans (three replicates each) were conducted in
this room. Eight control cages, four with susceptible and
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four with resistant mosquitoes, were located outside of
the house, free of insecticide exposure, but under the
same environmental conditions, every time a test was
run (figure 1).

Commercial aerosol insecticides

Asurvey on the different products available in the local
Tapachula market was conducted to identify the most
representative formulations. Four commercial aerosol
cans were purchased and tested on the resistant and
susceptible mosquito strains (table I). None of the
products mentioned the spraying time needed for ef-
fective control.

Droplet size emitted by each aerosol can was
measured with a DC-III equipment (portable droplet
measurement system KLD Laboratories, Huntington
Station, NY) by applying the insecticide cloud at a right
angle (horizontal) one meter away from the product
outlet nozzle with respect to the location of the stem
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mosquitoes as control

FiGURE |. DIAGRAM OF THE TEST ROOM FROM A TA-
PACHULA, CHIAPAS=STYLE HOUSE. THE MESH CAGES
ARE REPRESENTED BY THE COLORED CYLINDERS. THE
GREEN CYLINDERS ARE CAGES WITH THE RESISTANT
MOSQUITO STRAIN AND THE GOLD CYLINDERS ARE
CAGES WITH THE SUSCEPTIBLE STRAIN. THE AERO-
SOL INSECTICIDES WERE EVALUATED FROM JULY TO
NoveMBER 2016. THE NUMBERS ON THE DIAGRAM
REPRESENT THE FOLLOWING: 1) HOUSE ENTRANCE
AND AEROSOL CAN SPRAY POINT; 2) TRIPODS ARE
SHOWN IN RED, EACH WITH TWO ARMS FROM WHICH
THE CAGES ARE HUNG, REPRESENTING THE EXPOSED
MOSQUITO GROUPS; 3) LOCATIONS OF CAGES PLACED
UNDER FURNITURE REPRESENTING THE SHELTERED
MOSQUITO GROUPS; 4) LOCATION OF CONTROL CAGES

FiGURE 2. A) PICTURE OF TRIPOD SET UP WITH
CYLINDER MESH=-CAGES HANGING FROM TRIPOD ARMS
REPRESENTING THE EXPOSED MOSQUITO GROUPS; AND
B) PicTURE OF EXPERIMENTER SPRAYING ONE OF THE
AEROSOL CANS IN THE MAIN ENTRANCE OF THE ROOM
oF A TAPACHULA, CHIAPAS STYLE HOUSE. THE STUDY
WAS CONDUCTED FROM JuLy To NoveMBER 2016
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Table |

COMPARISON OF THE COMMERCIAL AEROSOL CANS PURCHASED AT A LOCAL SUPERMARKET FROM TAPACHULA,
CHIAPAS, MEXICO, TESTED ON THE RESISTANT AND SUSCEPTIBLE MOSQUITOES FROM jULY T0 NoVEMBER 2016

Aerosol Target Active ingredients Inert content Formulation Specifications for use
A Mosquitoes and Tecramethrin (0.35%), Emulsifiers, solvents, propellants and
Baygon, house and . permethrin (0.10%) and ’ ’ Water-based None
flies : o perfume
garden allethrin (0.10%)
Tetramethrin (0.299%) Water softer)er,.emu|5|fy|.ng solvent, '
B Plants and insects  and cybhenothrin perfume, antioxidant, antifoam, Water-based Spray at a distance
H24 Citro Nox ZP propellant, piperonyl butoxide, N-octyl of 30 to 50 cm
(0.10%) ) ) L
bicycloheptene dicarboximide
C Cockroachesand ~ Propoxur (0.46%),
H24 long-acting, crawling insects, tetramethrin (0.103%)  Deodorized naphtha solvent, perfume )
h ) ) . Oil-based None
ultra-efficient fulmi-  with scorpion and fenvalerate and hydrocarbon propellant
nant power killing power (0.455%)
Cockroaches, Propoxur (0.151%), pra-
D crawling insects, llethrin (0.0093%) and Deodorized naphtha solvent, perfume Oil-based Spr'ay until surfaces
H24 ant, scorpion, spi- and hydrocarbon propellant or insects get wet

ders and bedbugs deltamethrin (0.0315%)

(drop collector), which was moved slowly side to side in
a fanning motion, for 30 s as the default time set. Three
repetitions of droplet size measurement were under-
taken for each of the commercial aerosol products before
the experiments. Environmental conditions during the
measurements and experiments were on average 28.8
°C and 67 % RH. The mass (volume) median diameter
varied between 7.5 and 12.2 microns for the water based
aerosol products, while the oil-based products varied
between 8.8 and 18.2 microns.

Lethal concentration determinations

The amount of each application (i.e. concentration)
was calculated based on discharge rate, which was
determined for each of the aerosol cans by measuring
the total time in seconds to empty the entire contents of
the can in grams, g/s. Roughly, the rate of release (net
content + total discharge, table II) was the same for the
four products (0.6632-0.6640 g/s).

To generate baselines for lethal concentration deter-
mination for each aerosol can, seven to nine different con-
centrations (g /s) were applied to the test room to produce
mosquito mortalities ranging between 10 and 90% when
tested against resistant mosquito strain. Ranges for aerosol
Awere from 1 to 36 s, aerosol B from 0.5 to 12 s, aerosol C
from 0.31 to 9 s, and aerosol D from 0.33 to 10 s. While the
susceptible strain only needed the first four concentrations
for each aerosol can to obtain 100% mortality. Another
person operating an electronic stopwatch would tell the
researcher when to start and to stop spraying.
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Application of the commercial aerosol
insecticides

In the test room, the researcher stood in the entrance
doorway and applied the insecticide towards the liv-
ing room. As seen in figure 2B, he held the aerosol can
upwards at a 45 degree angle and pressed the actuator
of the can, directing the spray from the left side to the
right side of the room and always keeping the can at
the height of the head. The researcher would spray
the can for the predetermined period of seconds cal-
culated for each aerosol product. Once they finished
spraying, the entrance door was shut and mosquitoes
were left exposed in the room for 30 min. After which,
mosquitoes were removed from the cages, transferred
to clean disposable cups covered with a mesh net and
a cottonball soaked in 10% sucrose solution, and placed
in the insectary. Mortalities were recorded after 24 h to
determine LC,, and LC,,. After an application, win-
dows and doors were opened for 2-3 h. Four cages of
susceptible mosquitoes were then set in sheltered and
aired places of the test room and monitored for mortality
after 30 min. If one or more mosquitoes died, the test
room was aired overnight and then checked again for
mortality the next day. Two more replicates of the same
concentration were undertaken in the same conditions,
giving a total of three replicates per concentration for
each of the four aerosol products. One to three concen-
trations of an aerosol product were able to be tested per
day, depending on the concentration sprayed and the
aerosol product.
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Table Il
MORTALITY PERCENTAGES OF EXPOSED AND SHELTERED AEDES AEGYPTI OF BOTH SUSCEPTIBLE AND RESISTANT
STRAINS SPRAYED WITH FOUR COMMERCIAL AEROSOL INSECTICIDES (A, B, C, AND D), AND LETHAL
CONCENTRATIONS (LC) IN GRAMS FOR RESISTANT MOSQUITOES. THE EVALUATION WAS UNDERTAKEN IN
SEMI=FIELD CONDITIONS IN A 56 M®* ROOM OF A TYPICAL MIDDLE=CLASS HOUSE FROM TAPACHULA, CHIAPAS,
Mexico, FROM JuLy To NOVEMBER, 2016

eI)::Jesf:e Mortality percentages under different concentrations (g) measured per seconds of spray f dulc_iflsl?mits) LC90
A 0012 0024 0049 0098  0.147 0.9 0245 0343 044l
I's 2s 4s 8s 12s 16's 20s 28s 36s
Exposed 9583 7333 7542 100
usc Sheltered 701 3167 69.44 100
Boosed 1958 0 0830 708 2333 4833 4458 4708 708 o oM 24
Res.
Sheltered 667 277 0 222 2389 2889 5389 3666 5777 0453 3.565
(0218-2.017)
8 0004 0007 00l 0014 0029 0057 0.085
05s I's 15s 2s 4s 8s 12s
Exposed 9962 9388 100 100
susc Sheltered 8269 9028  97.22 100
R Exposed 2377 3083 1416 3120 7143 8776  99.59 (0.08&3%.6033) 0.072
es.
3279 1555 270 1800 6333 9005 9833 0020 0.089
Sheltered (0-010-0.043)
c 0007 0022 0033 0045 0067 008 0.012 0.5 020l
0.31s I's 1.5s 2s 3s 4s 5s 7s 9s
Exposed 87.14  87.03 100 100
usc Sheltered 547 8389 8056 100
- Exposed 958 1750 4042 6250 6428 7708 8756 9500 99.17 (0.02’7‘{3?053) 136
Sheltered 559 1278 1278 3778 2842 3278 8l.II 7278 100 0075 264
(0.056-0.103)
b 0002 0005 0008 0009 0014 0018 0023 0036 0045
0.33s I's 1.66 s 2s 3s 4s 5s 8s 10s
Exposed 7000 100 100 100 100 100
usc Sheltered 62.78 100 9956 9444 9944 100
Exposed 1042 21250 917 1348 3125 3500 5021 9167 9792 (o.o?i)%?os 9 082
Res.
Sheltered 611 722 278 222 1889 2444 3278 2278 8278 (0_0‘2’]9(3)?' PR

Susc.: susceptible strain; Res.: resistant strain.All figures in italics are mortality percentages with n=240 mosquitoes for each figure, undertaken in three repe-

titions of 80 mosquitoes each, distributed in four mesh-cages tested.

The total number of mosquitoes used per concentra-
tion in the three replicates of each commercial aerosol
insecticide was 240, which were distributed in 12 hang-
ing mesh-cages to represent the exposed mosquitoes,
and an equal amount of mosquitoes were placed in cages
in covered areas to represent the sheltered mosquitoes,
making a total of 2 160 mosquitoes in 108 cages for the
aerosol insecticides that required nine concentrations
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for the resistant exposed, and 2 160 for the resistant
sheltered mosquitoes. While 960 susceptible mosquitoes
in 48 cages were used in four concentrations for exposed
and 960 for sheltered ones.

Comparisons on the LC, values along with fidu-
cial confidence intervals for the type of exposure, and
between the different aerosol insecticides for the resis-
tant mosquitoes, were obtained requesting the relative

155



ARTICULO ORIGINAL

Lépez-Solis AD y col.

median potency table from a Probit analysis.* Where
concentration functioned as a covariate and the factor
was the type of exposure or the different aerosol insecti-
cides. All Probits converged as the right analysis for the
data. Lethal concentrations (50 and 90%) were obtained
from the “Confidence Limits for Effective Doses” table
of the Probit output. All covariates were transformed
to Log base 10. When the estimate for relative median
potency (RMP) was 1.00, LC,, values for comparison of
two were then statistically identical.

Potential number of houses covered per
commercial aerosol insecticide

According to the rate of discharge, the number of three-
room houses that can be sprayed with the concentration
that kills 100% of the mosquito population for each
aerosol insecticide can was calculated, depending on
whether the mosquitoes to be controlled were suscep-
tible or resistant (table III).

Results
Comparisons of lethal concentrations
Mortality results for type of exposure in resistant and

susceptible mosquitoes for each commercial aerosol
tested are shown in table II. Lethal concentrations

* IBM SPSS Statistics Version 24

were calculated only for resistant mosquitoes, since
the Probit model could not fit for the susceptible
strain because of the short range of concentrations
that produced high mortalities with any of the four
aerosol insecticides. An individual Probit regres-
sion for each aerosol insecticide showed significant
differences between LC50 of sheltered mosquitoes
compared to exposed (table II), where the former
mosquitoes always needed higher concentrations
(RMP = 1). Another Probit regression for each type of
exposure where the LC50 between the four aerosols
were compared, showed that aerosol A needed statisti-
cally higher concentrations than the others (LC50 =
0.261, fiducial limits (FL) 0.133 - 0.603), followed by
C, then D (RMP # 1) for both exposed and sheltered
mosquitoes.

Potential number of houses covered per
commercial aerosol

A comparison for both susceptible and resistant mos-
quitoes, which could be used as recommendation to
householder’s usage, is provided in table III, where
numbers are based on the seconds of spray required
to kill near or the total population of both exposed
and sheltered mosquitoes. However, without know-
ing the insecticide resistance status of a mosquito
population, the best choice is to spray as if dealing
with a resistant population, which eliminates the
advantages that heterozygotes may have when ap-
plying low dosages.

Table Il

OMPARISON OF FOUR COMMERCIAL INSECTICIDE AEROSOLS TO CONTROL 6 (OR NEARLY b
C 100% 100%

OF SUSCEPTIBLE AND RESISTANT EXPOSED OR SHELTERED AEDES AEGYPTI MOSQUITOES IN A 56 M3 ROOM OF

A TYPICAL MIDDLE=CLASS HOUSE FROM TAPACHULA, CHIAPAS, MEXICO, AND ESTIMATION OF THE

POTENTIAL NUMBER OF THREE=-ROOM HOUSES THAT CAN BE TREATED PER CAN. THE PERCENTAGE
LISTED FOR EACH COMMERCIAL PRODUCT IS THE TOTAL OF THEIR ACTIVE INGREDIENTS.
TESTS WERE PERFORMED FROM JuLy To NoveMBer 2016

Commercial aerosol insecticides

A (0.55%) B (0.399%) C(1.018%) D (0.1915%)
Strain Net 7;;’[.2(_7’ Houses Net Total Houses Net Total Houses Net 1;35_11 Houses
T content. charge cove- content charge cove- content charge cove- content charge cove-
(8 s red (8 A red (8 s red (8 A red
Susc. 8s 40786 61495 26 2s 48386 72873 121 2s 45246 6822 114 4s 4536 68391 57
Res. 36s* 407.86 614.95 6* 12s 483.86 728.73 20 9s 45246 6822 25 10s 453.6 68391 23

Susc.: susceptible strain, Res.: resistant strain, LT: lethal time.

* Only 77% (58% for sheltered mosquitoes) mortality obtained at 36 s of discharge exposure to product A, and its net content covers only 6 three-room

houses of 56 m?
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Discussion

ULV application of insecticides to control adult mos-
quitoes is more effective when applied indoors® as
compared to outdoor applications. Since people do not
open doors and windows when ULV outdoor applica-
tions are taking place, the desired dose does not reach
the places where mosquitoes are more likely to be resting
indoors.” Therefore, it is expected that canned aerosols
could be a useful tool for mosquito vector control if indi-
cations provided from studies like this one are followed
to apply the proper and required dosage needed. The
current use of aerosol insecticides by the inhabitants of
Tapachula is not known, but in a dengue-endemic area
in the state of Yucatdn, Mexico, a high percentage of
the population interviewed (73.6%) uses aerosol insec-
ticides to kill mosquitoes in their homes.> Which spray
insecticide consumers buy is likely to be based on the
variety on the market and / or may be further influenced
by price. However, the use of domestic aerosols has not
been evaluated in terms of the type of formulation and
amount of Al needed to achieve a given percent mortal-
ity in susceptible and resistant mosquitoes, as well as the
impact that this application may have on vector control.
Whereas resistant mosquito populations in urban areas
are easily found when activities are commonly under-
taken by the control programs,'® susceptible mosquitoes
are more likely found in rural areas. However, both
populations often contain a percentage of mosquitoes
carrying recessive alleles. It is known that dominance
can be dose-dependent,? that is, heterozygotes behave
as dominant phenotypes when lower dosages are ap-
plied. Therefore, a higher dose is preferred if we assume
that untreated areas are left as refuges for susceptible
genes. In this case, since aerosol products are used
exclusively in domestic settings, mosquitoes resting
outdoors might escape exposure. Also, the proper use
of canned aerosols to control domestic mosquitoes has
been scarcely documented.”” In fact, the same compa-
nies producing the aerosol insecticide cans fail to give
a complete and clear recommendation for spraying on
the label. Our results showed that commercial sprays
killed both susceptible and resistant mosquitoes, and
that applying concentrations that also kill sheltered
mosquitoes, the method would represent an option for
recommendation to be implemented allowing sustain-
able mosquito control by the same community, backed
up with the required assistance.

The usefulness and acceptability of commercial
aerosols has been documented previously for the
prevention of diseases like malaria?? and dengue.®*
In addition, the effect of 13 commercial aerosols was
recently evaluated against an Ae. aegypti field strain
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in Morelos, showing that only three killed 100% of the
exposed mosquitoes.'” They concluded that the location
of the mosquitoes (sheltered or exposed) was the main
factor for such variable results. However, they also men-
tioned that no dose for most of the products could be
considered for the analysis of the results. In our study, it
was evident that sheltered resistant mosquitoes needed
higher amounts of insecticide than the exposed ones.
However, both mosquito exposure types responded
equally to the four different aerosol insecticides tested,
requiring higher time of spraying from the aerosol A,
followed by C, then D. Aerosol B demonstrated better
control of this resistant strain. It is therefore suggested
that marketing of domestic insecticide aerosols should
consider the geographical patterns of insecticide resis-
tance in their guiding recommendations.

Results of our study with this pyrethroid resistant
strain suggest that it would be preferable to use prod-
ucts B, D, and C, over product A, since there appears
to be more resistance to the latter product, as indicated
by the lower mortality and higher LC,; and LC,,. All
four aerosols cans contain at least two pyrethroids,
but aerosol B additionally contains two synergists in
its formulation, which are enhancing the effectiveness
of its pyrethroids, by blocking its metabolic pathway
carried out by enzymes. This is also indication of cross-
resistance between bifenthrin (a pyrethroid to which this
strain is resistant) and the pyrethroids present in aerosol
formulations. Resistance to pyrethroids in Mexico has
been mostly due to its high use by the programs for
dengue control."*!® Aerosols C and D, besides containing
two classes of pyrethroids (type I and II), also contains
propoxur, an insecticide targeting another site, which
could explain why they performed better with the re-
sistant mosquito strain.

The number of houses with three rooms that we
calculated could be treated by a can of aerosol A (when
the target mosquitoes are pyrethroid resistant) is only
six, while for the other aerosols ranged from 20-25
houses. Household commercial aerosol insecticides
are marketed either for crawling or flying insects, and
although differences in Al concentrations are dependent
on the suggested use, the most important characteristic
is the formulation. The water-based formulations are
frequently recommended for “flying insects” while
the oil-based for “crawling insects” (according to label
descriptions), the latter perhaps based on the residual
efficacy once applied to surfaces. In our study, we tested
two commercial products for “flying insects” which are
aerosols (A and B), both of which gave the most extreme
results among the four tested products. Considering
that the droplet sizes for both the water- and oil-based
formulations were similar, our results indicate that the
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content of the formulation, rather than recommendation
for flying versus crawling insects, is an important factor
to consider for controlling field resistant mosquitoes.

One interesting concern about the use of aerosols
is their potential to be included as a tool for community
participation intervention. Results reported by several
authors*?!"? indicate that the purchase of household
commercial insecticides is primarily to protect against
mosquito bites. Furthermore, in a study from Taiwan,*
household members preferred the use of aerosol cans
over the government fogging interventions. Therefore,
estimating the number of houses or rooms in terms of
cubic meters, acquires relevance. For example, in our
study, we estimated that the maximum number of three-
room houses of 56 m® that can achieve an average of
100% mortality in a field resistant mosquito population
was 25 when using product C. On the other hand, in
tests made with sprays of 13 aerosol products in resistant
field mosquitoes from Morelos placed inside rooms, only
three of the products were successful.'” Which teaches
us that, before give any recommendation of usage, we
must do tests with the spray to be used, and with the
local mosquitoes where the control is to be carried out,
to calculate the optimal effective lethal concentrations.
This concentration would of course, vary according to
the size of the room treated and, consequently it will
affect the number of rooms to be covered.

The chance of a successful intervention is greatly
increased when communities assist in the indoor ap-
plications of insecticides. To obtain the desired results
as we did, arecommendation is that the sprayer should
wear a mask, shirt with long sleeves and pants. Spray-
ing must be done by holding the aerosol can with the
nozzle pointed upwards at a 45 degree angle, with the
arm extended at head height and spraying the can in
a sweeping motion from left to right across the room.
To control pyrethroid resistant Ae. aeQypti mosquitoes,
spray for a minimum time of 36 s if using a formula
similar to aerosol A, or 12 s if it is a formula similar to
aerosol B. The spray time would be 9 and 10's, if using
formulas similar to aerosols C and D, respectively. For
example, the risk of poisoning that a person weighing
75 kg would experience if they are not protected when
spraying the concentration of aerosol A (36 s), there
would be 72 g of that formulation containing tetrame-
thrin (0.35 %), permethrin (0.10%) and allethrin (0.10%).
Which will make a net dose of tetramethrin=3.36 mg,
permethrin=0.96 mg, and allethrin=0.96 mg / kg of
weight. When compared to the LD, of tetramethrin
5 000 mg, permethrin 4 000 mg, and allethrin 685 mg /
kg of weight reported for rats,* it will probably not have
significant effects on that person. However, particular
attention should be paid to prevent exposure of aerosol
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Ato cats, since they are glucuronidase deficient, which is
the enzyme responsible for breaking down permethrin
and other synthetic pyrethroids.”

In summary, commercial aerosol insecticides could
be a good tool to control mosquitoes. They are able to
be applied and targeted towards indoor areas where
mosquitoes are most likely to be at rest. As with any
insecticide, the efficacy depends on the insecticide
resistance observed in local populations, the concen-
tration of insecticide used, application technique, and
class of active ingredients. The sprays that best killed
pyrethroid-resistant mosquitoes were those containing
the synergists piperonyl butoxide and N-octyl bicyclo-
heptene dicarboximide (aerosol B), or those containing
propoxur in their formulation (aerosols C and D). It is
strongly recommended to make maps of the geographi-
cal distribution of insecticide resistance patterns avail-
able to the public. Such strategies would need further
studies to evaluate the economic feasibility of their
implementation.
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