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Abstract

Background: The use of intradomicile residual insecticide on a large scale is a proven and efficacious intervention against
malaria mosquito vectors. The objective of the study was determined the bio-efficacy and resistance of fenitrothion insecticide
against the mosquito An. (Nyssorhynchus.) albimanus Wiedemann.

Methods: This study included seven communities located in different endemic regions where fenitrothion is used to control
An. (Nys.) albimanus populations. The test of bio-efficacy and susceptibility were conducted following the WHO standard
bioassay methodology.

Results: The average percent mortality of An. (Nys.) albimanus exposed to fenitrothion in the seven communities tested
were 96% and 92% for the first two months. This bio-efficacy was maintained until the fifth month with 81% mortality
in communities with high IRS coverage. Anopheles (Nys.) albimanus was susceptible to the organophosphate insecticides
fenitrothion and malathion, as well as to carbamate propoxur but resistant to pirimiphos-methyl and chlorpyrifos.
Conclusion: This study demonstrates that fenitrothion maintains an elevated insecticide residuality and toxic effect on
different types of surfaces until the fifth month post-application. Furthermore, An. (Nys.) albimanus remains highly susceptible
to this insecticide, providing a high degree of protection against mosquito bites inside households, and interrupting malaria
transmission in places with high IRS coverage and where the mosquito is still susceptible to fenitrothion application.
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Insecticide Spraying; RDTs: Rapid Diagnostic Tests, ACTs:
Combined Therapies based on Artemisinin, AIDS: Acquired
Immunodeficiency Syndrome, Achel: Acetylcholinesterase.

Introduction

Malaria is a parasitic disease that in addition to its direct
health impact, it also imposes a significant economic burden
to communities through work days and school days lost to
the disease, and the reduction of economic productivity
[1]. In the last 15 years, a concerted effort to control this
disease has led to a 1/3 reduction in the number of cases
and a 60% reduction in the number of deaths around the
world [2]. This could be attributed to control intervention
measures such as the use of long-lasting insecticidal-treated
nets (LLINs), indoor residual insecticide spraying (IRS), use
of rapid-diagnostic tests (RDTs), and the combined therapies
based on artemisinin (ACTs), which have become efficacious
in the fight against malaria [3]. During the last few years,
malaria endemic countries have implemented an efficacious
vector control using two available tools in separate or in
combination. In such cases, the use of IRS and LLINs together
with the treatment of malaria cases using ACTs (guided via
definitive diagnostics) have led to a significant reduction
in the morbidity and mortality associated to malaria [4,5].
A review of previous interventions has suggested that this
strategy could reduce the number of malaria cases in 39%-
62% and infant mortality by 14-29% [6]. Furthermore, it has
been demonstrated that IRS significantly interrupts malaria
transmission, eliminates malaria vectors and reduces
malaria incidence [7].

The first use of DDT (Dichloro diphenyl trichloroethane)
as a control measure against anopheline vectors through IRS
were conducted by Harold Trapido at the Gorgas Memorial
Laboratory between 1944- 1946. These studies showed a
dramatic reduction in the population of An. (Nyssorhynchus)
albimanus Wiedemann and malaria incidence in the
communities where they were applied [8,9]. The discovery
of efficacious synthetic insecticides with residual action to
control malaria led to an intensive use of indoor spray as a
main control measure towards the second half of the 20th
century [10,11]. Later, it was incorporated as an important
strategy against malaria around the world [12,13]. The
standard application method for insecticides with residual
actionwas perfected for the application of DDT usinga mixture
of water and powder on mud or clay surfaces and thatched
roofs that were common in the past century [8,14]. This
method was later adapted by the World Health Organization
(WHO) as the main tool for the control of malaria anopheline
vectors. This was also a critical component of the Global
Malaria Eradication Program (GMEP) from 1955-1969 and
the main intervention that contributed to the elimination
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or dramatic reduction of malaria in parts of Europe, Asia
and Latin America [7]. Since then, the IRS has continued
to represent the most utilized method to control malaria
vectors [13,15,16].

Considering the progress made against malaria during
the last decades [17,18], the effort has moved from control
to elimination in many parts of the world [17,19]. Malaria
elimination was established as a final objective of WHO and
the Roll Back Malaria alliance (RBM) [20], and after a 40-year
lapse, malaria elimination is back on the world health agenda.
Malaria incidence has been reduced in 50% in a number of
endemic countries in the last two decades [21]. The malaria
incidence rate decreased around the world between 2010
and 2018 from 71 to 57 cases per 1000 inhabitants. In
addition, there were 228 million malaria cases and 405,000
deaths registered around the world in 2018 [22].

According to Pan American Health Organization (PAHO),
the Americas have experienced an increase in the total
number of cases due to a rise, since 2015, in the number
of cases in Venezuela, and to a transmission increase in
endemic areas in countries such as Brazil, Colombia, Guyana,
Nicaragua and Panama. Furthermore, there has been
outbreaks in countries that previously made advancements
towards malaria elimination (Costa Rica, Dominican Republic
and Ecuador). In comparison, Paraguay and Argentina have
received certification as malaria-free countries in July 2018
and May 2019, respectively. Also, worth mentioning are
El Salvador and Belize, countries that have presented no
autochthonous cases since 2017 and 2019, respectively [23].

The use of IRS and LLINS alone or in combination for
the control of malaria vectors is done based on the proven
efficacy of its use as an antimalarial strategy, taken into
consideration the existing epidemiological conditions and
the logistic requirements associated to its use [24,25]. The
strategies currently using IRS are particularly appropriate
for a rapid control of transmission, but they require a good
organization and community reception [26]. Insecticide
bio-efficacy will also depend on the behavior of the local
mosquito population [27] and their susceptibility to the
insecticides used on the LLINs or IRS [28]. Currently, the
technological advancement made on the coatings used on
insecticide treated surfaces offers a novel use of insecticides
that is much more residual than the IRS and requires a
limited change in strategy [29,30].

Currently there are only two insecticide classes
available for the control of malaria, the carbamates and
organophosphates, which have a different mode of action
in case resistance to insecticidal pyrethroids is developed
[31]. The WHO Pesticide Evaluation Scheme (WHOPES)
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is the entity in charge of approving the use of insecticides
in indoor sprays, among them carbamate bendiocarb and
the organophosphates pirimiphos-methyl and fenitrothion
[32,33]. Their mode of action is different from those of
pyrethroids and DDT, in that they are cholinesterase
inhibitors [34]; and could be used in combination in case
of a detection of pyrethroid insecticide resistance [35]. The
organophosphate and carbamate insecticides are efficacious
against insecticide-resistant mosquitoes when they are used
via IRS or on wall-treatments [31,36]. Nevertheless, there
exist resistance to organophosphates and carbamates due to
the insensitivity to acetylcholinesterase (Achel) that has been
reported in some populations of mosquito vectors [37,38].
The malaria vector control programs have encountered
multiples problems with resistance that could potentially
paralyze the strategies until a new insecticidal molecule is
found and is available for their use [39]. Several IRS products
are currently available and several are being evaluated by
WHO. The products currently available are (i) Actellic® 300
CS (Syngenta), a formulation of microcapsules of pirimiphos-
methyl (an organophosphate) and (ii) SumiShield®
50WG (Sumitomo Chemical), a new product that contains
clothianidin (a neonicotinoid) [40]. With few alternatives
available, as far as insecticide use for the control of malaria
is concerned, it is necessary that we conduct regular studies
to determine the bio-efficacy and susceptibility of the
insecticides being used.

The residuality time and bio-efficacy of the majority of
insecticides are affected by the chemical nature of the surfaces
where they are applied [41]. Thus, these two parameters can
vary depending on the materials used to construct the homes
in the rural, poor and indigenous communities [42]. A correct
application of the insecticide should maintain its bio-efficacy
and residuality on the applied surfaces for a significant period
of time, to ensure mosquitoes receive a lethal dose when in
contact with the treated surfaces [43]. Furthermore, the
insecticide toxicity should be maintained during a sufficient
period of time to avoid frequent applications which can be a
time consuming and economically costly strategy [42].

In Panama, malaria continues to represent a significant
health problem due to its incidence and great economic
impact with endemic/epidemic transmission rates that have
been maintained an average of 694 diagnostic cases annually
in the last seven years (2011-2017). During this period, an
annual parasitic incidence of 0.2/1,000 inhabitants, with a
morbidity rate of 17.9/100,000 inhabitants, and two deaths
were observed. About 98.6% of cases were due to Plasmodium
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vivax infection. More than 85% of malaria cases occur in the
indigenous regions, which occupy 22% of the Panamanian
territory and where only 12% of the total Panamanian resides
[44]. These endemic zones are located along the borders with
Costa Rica and Colombia [45]. In the fight against malaria the
National Malaria Program (NMP) from the Health Ministry
(MINSA) continues to utilize a strategy based on the active
and passive search of suspected cases and through the use
of insecticides with indoor residual activity, to prevent and
control malaria transmission.

The use of insecticidal spray with residual activity is the
main tool used to control anopheline vectors by the NMP. Its
use is conducted with regularity with determined doses for
the type of insecticide used. In the case of fenitrothion the
dosage is 2 g/m2 and its application is conducted every 3-6
months [46]. It is of great importance to know the duration
of bioactivity and bio-efficacy of this insecticide after each
application to have an effective control of the anopheline
vectors. In this study we provide important technical
information about the minimum interval time required
between each application. This is an important factor needed
to maintain the bio-efficacy and susceptibility of insecticides.
The objective of this study was to determine the efficacy and
susceptibility of the insecticide fenitrothion when applied to
diverse surfaces in an effort to control An. (Nys.) albimanus
mosquitoes.

Materials and Methods

Site of Collection

Historically, An. Albimanus populations have been
subjected to the selective pressure of insecticides applied by
the NMP (Figure 1).

The NMP from MINSA, considered the magnitude of the
malaria problem and the need to determine the efficacy of
indoor residual spray and the susceptibility of An. (Nys.)
albimanus to the insecticide fenitrothion. This insecticide
is commonly used in the main malaria endemic regions of
Panama. For this study seven communities were selected
from three Panamanian regions that historically have
maintained active malaria transmissions and frequent
insecticide applications. The localization of the selected sites
are indicated in Figure 2.

The geographical coordinates and epidemiological
information (malaria cases) are in turn presented in Table 1.
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Figure 1: Epidemiological behavior of malaria and application of residual action insecticides against anopheline vectors in
Panama, 1957 - 2019.

Figure 2: Geographical location of all the selected communities for the assessment of fenitrothion bio- efficacy against
Anopheles (Nys.) albimanus in Panama.
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. . Geographical . No. . Malaria cumulative
Province/Comarca | Community coordinates Altitude houses Inhabitants cases 2015 - 2017
) Quebrada 8045'47.40” 0
*ok -
Ngibe-Bugle Pefia 81023'38.75” N 19m 18 185 15
802818.76”" N
*% 4
Emberd-Wounaan | p . chiquito | 7704126.95” 0 50 m 48 180 37
805426.22"' N
Kk ;
Madungandi Ipeti Guna 78012'05.8” 0 122m 143 1,204 49
805171456 N
K3k 3
Wargandi Morti 7705539.29 0 65 m 80 395 42
9021°14.98" N
*kk
Guna Yala Ukupa 7801953.83" 0 6m 49 289 77
Darién 8009'27.86” N
Bella Vista 77031’51.56” 0 13 m 99 200 15
Bocas del Toro Barranco 9009'27.86” N
Afuera 82043'13.99” 0 13 m 185 595 7a

Table 1: Geographical and epidemiological information of all locations where the studies on fenitrothion bio-efficacy against

Anopheles (Nys.) albimanus.

Data provided by NMP. **Indigenous comarca. almported malaria cases registered in Bocas del Toro

Chemical Agents Utilized

e Sumithion® 40 % WP: 0,0-dimethyl O-(4-nitro-m-
tolyl) phosphorothioate. Sumitomo Chimical Co., Ltd.

e Fenitrothion: 0,0-dimethyl 0-(4-nitro-m-tolyl)
phosphorothioate; 98,5% purity, made by Sumitomo
Chemical Company.

e Malathion: S-1,2-bis(ethoxycarbonyl)ethyl 0,0-
dimethyl phosphorodithioate; 97,0% purity, from the
American Cyanamid Co., Princeton, New Jersey.

e Chlorpyriphos-methyl: 0,0-diethyl 0O-3,5,6-trichloro-
2-pyridyl phosphorothioate; 94,0% purity, by Dow
Chemical Co., Midlan, Michigan.

¢ Pirimiphos-methyl:
methylpyrimidin-4-yl-0,0dimethyl
99,8% purity made by Syngenta.

0-2-diethylamino-6-
phosphorothioate;

Mosquito Strain used in Bioassays

To conduct the wall susceptibility bioassays, we used
females from the field strain of An. (Nys.) albimanus collected
in the community of Aguas Claras, from the indigenous
comarca Madungandi. This place has similar environmental/
ecological characteristics and insecticide application regime
similar to those sites selected in this study. The An. (Nys.)
albimanus strain was colonized and maintained in the
lab under laboratory conditions with a minimum average
temperature of 28.5 0C (DE: 0.5703) and maximum of 30
OC and relative humidity of 70 to 80% (DE: 0.3939) and a
photoperiod of 12:12 (day/night).
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Selected Dwellings

The houses were selected randomly. Dwellings were
built from diverse materials but predominantly contained
unpainted wood, painted wood, bamboo, tree trunks and
palm bark. This presented a unique opportunity to evaluate
the effect of each type of surface available and the insecticide
fenitrothion persistence along a period of time. Other
factors considered for the selection of houses included the
accessibility and the owner’s consent [47]. In addition, the
inhabitants were adviced to not alter the treated surfaces
(i.e. through washing).

Insecticide Application

We used the concentration recommended by WHO for
fenitrothion: 2.0 g/m2. The spray technique consisted in
using 10 liter standard sprinkler X-Pert Hudson® with a
8002 nozzle that makes a drop of 100-400 p of diameter. The
distance from the nozzle to the wall was maintained at 45
cm and the insecticide was applied in vertical bands from the
ceiling to a height of 3 m and up to 30.5 cm. above the floor.
The vertical bands were 75 cm wide for the first application
and 70 cm for subsequent bands, superimposing 5.0 cm with
the previous band. The sprinkle pressure used was of 25-55
pounds/inchZ, a velocity of 5 sec/m2 and an approximate
discharge of 650 ml/min + 10 ml/min [33,48]. The spraying
application was conducted by technical personnel from the
NMP under supervision of the squad leader and following
the WHO standardized protocols for application of residual
insecticides (Figure 3).
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Figure 3: Fenitrothion application (a) Insecticide formulation with water (b) Sprinkler loading and preparation (c) Pressure
application to the sprinkler system (d) IRS application (e) IRS application supervision by the brigade chief.

Wall Bioassays

The evaluation of fenitrothion efficacy and residual
activity on diverse treated surfaces was monitored monthly
following the WHO standardized protocols [33]. We used
batches of 10 female An. (Nys.) albimanus mosquitoes (Aguas
Claras strain) that were 2-4 days old and blood fed with
Cavia porcellus blood. The bioassays were conducted one-
hour post-blood feeding. The mosquitoes were placed inside
polyethylene cones fixed firmly on the walls and exposed to
the intradomicile surfaces for about 30 minutes. We selected

10 houses for each bio-efficacy test. The exposition cones
were placed in selected places inside the bedroom and living
room of each of the houses. Following the exposure period,
each mosquito batch was transferred to previously labeled
clean containers with a 10% sugar-moistened cotton ball.
Mortality was observed at 24 hour post-exposure (Figure 4).
The periodical evaluation of fenitrothion bio- efficacy was
conducted in months 1, 2, 3, 4, 5, 6, 7 and 8 post pesticide
applications. Each efficacy test used 30 exposure cones,
while control groups used 10 batches of mosquitoes that
were exposed to untreated surfaces.

maintained on 10% sucrose.

Figure 4: Fenitrothion exposure bioassays. (a) Anopheles (Nys.) albimanus mosquitoes in exposure cones over a surface
treated with 40% PW fenitrothion (b) Mosquitoes are transferred to new containers following a 30 min exposure period and
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Susceptibility Bioassays

The susceptibility to insecticides was determined
via susceptibility test with adult An. (Nys.) albimanus
females (Aguas Claras strain) from the first generation
(F1) exposed to insecticide impregnated papers containing
the organophosphate fenitrothion (1%), malathion (5%),
chlorpyrifos (0.4%), pirimiphos-methyl (0.25%) and the
carbamate propoxur (0.1%), following the dosage and
exposure time according to WHO’s standard protocols [49].
The bioassays used females that were 3-5 days old in batches
of 25 mosquitoes that have been previously maintained on a
sugar solution. The average temperature registered during
the bioassays was of 27 + 2 2C and 70-80% relative humidity.
The mosquitoes were transferred to clean containers
following the exposure time and provided with 10% sugar
ad-libitum. Each insecticide bioassay was replicated five
times along with its respective controls.

Analysis

The percent mortality to determine the indoor spray bio-
efficacy was calculated and analyzed according to the WHO
criteria. The IRS is considered efficacious when the mortality
percentage in the exposed mosquitoes is 80% [30]. In our
susceptibility assays the mortality rate values were assessed
at 24 hour post-exposure. The analysis of resistance and
susceptibility was also conducted according to the standards
provided by WHO guidelines. A percentage between 98-
100% is considered susceptible and mortality below 98%
suggest the existence of resistance. Furthermore, if the
mortality rate is between 90- 97% it suggests the presence

of resistant genes and should be confirmed with additional
tests. If the mortality is below 90%, it confirms the existence
of resistance genes [49]. We used Abbott’s formula to correct
the mortality of the exposed mosquitoes when the mortality
in the control group oscillated between 5-20% [50].

Ethical Considerations

This study does not need the approval of the ICGES
Bioethics Committee, because no sample and personal
information were obtained from those responsible for the
houses. For the biological wall tests with An. (Nys.) albimanus,
they were carried out after each resident of the selected
dwellings received a complete explanation regarding the
work to be carried out, indicating the objective of the study
and its relevance, only after receiving the verbal consent of
the owners of the houses, the tests were started with An.
(Nys.) albimanus.

Results

The wall bioassays performed to evaluate the bio-
efficacy of fenitrothion PW at 40% were conducted during
the months of March-November 2017. The coverage
percentage during the treatment cycles in the communities
were between 60 and 100%. The indigenous communities
registered a lower coverage of 40%, due to the Guna cultural
practices and the lack of information about the importance
of IRS in interrupting malaria transmission. The application
in non-indigenous communities reached a coverage of 100%.

. . . Embera- . Bocas del
Madungandi| Wargandi Darién Wounaan Ngabe Buglé| Guna Yala Toro
Quebrada Barranco %
Months|Surface Type| Ipeti Guna Morti Bella Vista |[Bajo Chiquito, - Ukupa Average
Pefia Afuera Mortality
% Mortality | % Mortality | % Mortality | % Mortality | % Mortality | % Mortality | % Mortality
Unpainted 94 97 93 96 94 92 91
wood
Painted 100 100 99 100 98 99 100
wood
Bambu 89 92 93
1 Gira Palm 95 96 92 95 6
Tree trunk 93 95 91
% Mort 94‘36(?3'0 ) 96'87(23'2 ) 96'87(%‘;'2 | 98.0(96.7 |96.0 (94.2-| 93.4(91.1- [95.5(93.6-
(95% CI) ’ ) ' -99.3) 97.8) 95.7) 97.4)
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Unpainted 91 92 90 91 9 89 89
wood
Painted 94 96 95 96 4 93 95
wood
Bambu 88 89 89
Gira Palm 85 89 89
Tree trunk 89 87 88 914
% Mort
(95% C)I | 89.4 (86.6 - | 90.6 (87.9 - | 92.5 (90.1- | 93.5 (91.2 - | 92.0 (89.5 | 89.6 (86.8- |92.0 (89.5 -
89.4 (86.6-| 92.2) 93.3) 94.9) 95.8) 94.5) 92.4) 94.5)
92.2)
Unpainted 88 89 89 88 87 85 85
wood
Painted 91 90 90 93 90 90 91
wood
Bambu 85 84 86
Gira Palm 82 83 84
Tree trunk 85 82 84 87.7
% Mort
(95% CI) | 86.2(83.0- | 85.6 (82.4- | 89.5 (86.7 - | 90.5 (87.8 - |88.5 (85.6 -| 85.8 (82.6- |88.0 (85.0 -
86.2(83.0-| 89.4) 88.8) 923 93.2) 91.4) 89.0) 91.0)
89.4)
Unpainted 84 85 86 85 84 83 83
wood
Painted 88 87 87 85 86 88 87
wood
Bambu 81 79 82
Gira Palm 80 78 81
Tree trunk 82 79 81 84.2
% Mort
(95% CI) 81.6 (78.0 - | 86.5 (83.3 - | 85.0 (81.7- | 85.0 (81.7 | 83.0 (79.5- |85.0 (81.7 -
83.0 (79.5 - 85.2) 89.7) 88.3) -88.3) 86.5) 88.3)
86.5)
Unpainted 83 80 82 81 81 80 81
wood
Painted 84 82 83 81 82 83 83
wood
Bambu 78 76 76
Gira Palm 75 75 77
Tree trunk 78 76 76 80.4
% Mort
(95%CI) | 79.6 (75.9 - | 77.8 (74.0 - | 82.5 (79.0 - | 81.0 (77.4 - | 81.5 (77.9 | 78.4 (74.6- |82.0 (78.5 -
79.6 (75.9-|  83.3) 81.6) 86.0) 84.6) -85.1) 82.2) 85.5)
83.3)
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Unpainted 78 77 76 75 76 77 76
wood
Painted 79 78 77 76 76 74 77
wood
Bambu 73 71 72
6 Gira Palm 70 72 72 752
Tree trunk 73 71 71
% Mort | 74.6 (70.6 - | 73.8 (69.7 - | 76.5 (72.6 - | 75.5 (71.5- | 76 (72.1- | 73.2 (69.1- |76.5 (72.6 -
(95% CI) 78.6) 77.9) 80.4) 79.5) 79.9) 77.3) 80.4)
Unpainted 72 69 69 68 69 64 67
wood
Painted 70 69 72 70 69 69 71
wood
Bambu 65 67 64
7 Gira Palm 67 65 66 68.2
Tree trunk 65 64 63
% Mort | 67.8 (63.5 - | 66.8 (62.4 - | 70.5 (66.3 - | 69.0 (64.7 - |69.0 (64.7 -| 65.2 (60.8- |69.0 (64.7 -
(95% CI) 72.1) 71.2) 74.7) 73.3) 73.3) 69.6) 73.3)
Unpainted 59 60 62 58 61 62 63
wood
Painted 65 59 67 65 61 60 70
wood
Bambu 57 58 56
8 Gira Palm 58 55 57 61.3
Tree trunk 59 57 56
% Mort | 59.6 (55.1- | 57.8 (53.2 - | 64.5 (60.1- | 61.5 (57.0 |61.0 (56.5-| 58.2 (53.6- |66.5 (62.1-
(95% CI) 64.1) 62.4) 68.9) -66.0) 65.5) 62.8) 70.9)

Table 2: Fenitrothion bio-efficacy on indoor treated surfaces in selected communities with high malaria transmission in Panama.

Figure 5: Percentage of mortality of An. (Nys.) Albimanus exposed on different types of indoor surfaces treated with the
insecticide fenitrothion. The black line shows the threshold value of 80%, the RIR is considered effective when the mortality
percentages of exposed mosquitoes and spray coverage is 80%. Mortality percentages are expressed as geometric mean + 95%
confidence interval.
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Table 2 depicts the variation in fenitrothion bio-efficacy
and residuality between one and nine months. We observed
a decrease in the insecticidal bio-efficacy on the different
surfaces tested as time elapsed. The first month post-
treatment showed a fenitrothion bio-efficacy between 93.4
to 98% in all the treated surfaces, with an average mortality
of 95.6%. Between the third and fifth month the bio-efficacy
was maintained at 280% mortality, with an average mortality
0f 80.4% there was a progressive loss of bio- efficacy between
the sixth and eight months of application. Thus, fenitrothion
maintained its bio-efficacy as an IRS up to the fifth month
post-application. The control groups showed a mortality
rate between one and two percent. As was expected, the
fenitrothion bio-efficacy varied as time elapsed, showing
lower bio-efficacy and residuality on Gira palm and bamboo
(Figure 5).

The bioassay results presented in Figure 6 show the An.
(Nys.) albimanus susceptibility following exposure to the
organophosphate pesticides fenitrothion and malathion.
No significant differences were obtained in the mortality
rate in these bioassays. However, An. (Nys.) albimanus
resulted being resistant to the organophosphate pesticides
pirimiphos-methyl and chlorpyriphos-methyl according to
WHO standards. Nevertheless, despite being resistant, the
mortality rate was elevated (above WHO’s 90% mortality
rate threshold). In contrast, An. (Nys.) albimanus mosquitoes
exposed to the insecticide carbamate propoxur were
susceptible with a 98.2% mortality rate. The bioassays
were conducted at a minimum temperature of 28.5 °C and
maximum of 30 °C and with a minimum relative humidity of
70% and maximum of 80%.

Propoxur (0.1%)

Clorpirifos-metil (0.4%)

Pirimifos-metil (0.25%)

Insecticide

Malation (5.0%)

Fenitrotion (1.0%)

98.2%

93.0%

95.0%

97.8%

98.4%

geometric mean = 95% confidence interval.

Figure 6: Resistance status of An. (Nys.) Albimanus to OP and CA insecticides. The black discontinuous line shows the threshold
value of 90%, below this value a population is considered resistant to insecticides. Mortality percentages are expressed as

40 60 80 100
Mortality (%)

Discussion

The rise in insecticide resistance in Anopheles
mosquitoes in the Americas represent a rising challenge to
the control and elimination of malaria [51-53]. Although
there are several insecticides with residual action available
for indoor spraying, some of these have become ineffective
due to the development of resistance, while others, although
still effective, are no longer accepted due to its high toxicity
towards mammals or their dangerous persistence in the
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environment [41]. Notwithstanding the fact that 57 Anopheles
mosquito species have developed some level of resistance,
IRS still continues to be the main method used to control
vectors in many malaria endemic countries [54,55]. From the
start of the NMP in Panama, a diverse set of organochlorines,
organophosphates, carbamates and pyrethroid insecticides
have been used; creating a selective pressure against the An.
(Nys.) albimanus populations [56]. The NMP, similar to other
malaria programs around the world, uses as the first line of
defense the application of IRS against anopheline mosquito
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vectors. This approach has contributed, to a certain extent, to
the reduction of malaria transmission in Panama (46). With
theregional commitmentas an initiative to eliminate malaria,
the NMP has decided to conduct tests to detect possible
failures in the current control methods and in that way
improve the prevention strategies. Among these tests are the
determination of bio-efficacy and resistance to insecticides
(with indoor residual action) in the main malaria endemic
regions of Panama.

The results of this study indicate that the quality of
insecticide spraying and the nature of the different surfaces or
walls in the seven selected communities have an effect on the
toxicity and residuality of fenitrothion. Most of the houses in
these communities have zinc plates for roofs and unpainted
wooden walls. In comparison, the houses from the Guna
indigenous communities followed their cultural tradition
and were built with palm leaf roofs, walls made from small
woody tree trunks placed vertically, without windows and
dirt floors [57]. Our study assayed diverse surfaces such as
painted wood, unpainted wood, bamboo, Gira palm and tree
trunks. Our results show that smooth surfaces do not absorb
large quantities of insecticide particles and resulted in the
longer duration of fenitrothion toxicity and residual effect. In
comparison, porous surfaces that absorb a large quantity of
insecticide had a shorter duration of toxicity and residuality.
In this case, smooth surfaces such as painted wood and
unpainted wood maintained the greatest insecticide toxicity
and the longest residuality. Meanwhile, surfaces such as
Gira palm, bamboo and tree trunks, which presented more
porosity and absorption lost its toxicity and residuality in a
shortperiod of time. This effecthas been previously observed,
with the chemical nature of surfaces affecting the residuality
and efficacy of most insecticides [41]. Thus, the persistence
and bio-efficacy of insecticides can vary depending on the
type of surfaces and materials that are used to build a house
in the rural and economically poor indigenous regions [42].

In similar studies, the application of deltamethrin on
different types of surfaces, among them wood, bamboo and
brick, found that the smooth surface of a bamboo presented
the longest duration of insecticide toxicity and residuality.
On the contrary, the rapid absorption by the brick porous
surfaces led to a much faster loss of deltamethrin activity
[58]. Several other studies have also found similar results
with insecticides losing their toxicity much faster on porous
surfaces than on smooth surfaces such as wood panels, and
ceramic tiles [59,60]. The duration of bio-efficacy should be
within the residuality range found in previous studies or
according to WHO recommendations. Nevertheless, in some
places the residuality can vary from 2- 10 months depending
on the kind of treated surfaces [61]. Thus, the residual
efficacy of the IRS can vary according to the type of wall
construction and the quality of insecticide spray application
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[58,62]. Furthermore, the IRS effectiveness depends on
the level of resistance of the main malaria vectors and the
insecticide residuality time on the treated surfaces [62]. An
application of low quality can contribute to the development
of insecticide resistance, an additional burden to the malaria
control strategies [63]. If the residual activity is shorter than
expected, it can also contribute to an increase in the malaria
incidence where the period of malaria transmission exceeds
the insecticidal residual effect [64]. The indoor residual
spray has demonstrated that it can have an epidemiological
impact through the reduction of malaria transmission. This is
especially true if the applied insecticide on different surfaces,
and with a large cover area per locality/ transmission
area, leads to high mortality rates in the anopheline vector
population [65].

In this study we also found that the bio-efficacy depends
on the formulation of the applied insecticide, mosquito
species susceptibility, the study area, type of treated surface,
humidity and temperature. A sustained evaluation of the
bio-efficacy of insecticides used in IRS can provide critical
technical information on the efficacy against a specific
mosquito species, their safety to the exposed human
inhabitants, the sprayers and in the methods of insecticide
application [66]. According to the recommendations
provided by WHO [49], an ideal insecticide should have a
minimum residual effect on mosquito mortality equal to or
greater than 80% at 24h post-exposure.

This research provides the NMP with important
evidence and technical information on the fenitrothion
bio-efficacy against the main malaria vector, An. (Nys.)
albimanus (45). In this study the effectiveness of fenitrothion
residuality lasted for 20 weeks; primarily on two types of
walls, and decreasing with time on the different surfaces
until registering a low mortality/bio-efficacy on the eight
month. Nevertheless, this insecticide can only be effective in
areas where the An. (Nys.) albimanus is still susceptible, with
potential variation or reduction in the susceptibility over
time. Thus, our results fall within the recommended WHO
guidelines [67]. Nevertheless, additional studies are needed
to learn the biting behavior and resting, population density
of the different mosquito species and the bioecological
characterization to better pinpoint the entomological
impact of fenitrothion indoor spray application. This study
presented some limitations. For instance, it utilized a study
design that covered a limited period of time in each of the
selected localities and the absence of a control locality that
were to be evaluated at the same time. Thus, we should
be careful to make causal inferences on the quantitative
impact of the intervention. In addition, other factors, not
evaluated in this study, might be related to the transmission
reduction, such as the environmental factors associated with
transmission intensity such as climate, human behavior and
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other methods of control [68].

Furthermore, it is necessary that the NMP evaluates
alternative insecticides to be used at the time when a
decrease in fenitrothion bio-efficacy is observed. The
selection of an alternative insecticide with residual action
must depend on An. (Nys.) albimanus susceptibility, the
half-life of residual action, safety to humans, other animals
and the environment. A technical factor of importance to
malaria control programs is to determine the period of
insecticide toxicity duration and residuality that leads to
high mortality, given that this information will allow the
development of programs, plans and logistics to determine
spray cycles and coverage of the human population that will
be protected until the next application cycle. An insecticide
with high bio-efficacy leads to a protection against the bite
of mosquitoes decreasing the risks of transmission, and in
combinations with other strategies lead to a prevention of
epidemic outbreaks. Previous studies have indicated that
the insecticide bio-efficacy of residual action is very efficient
in regions where the vector is completely susceptible to the
insecticide applied [30].

One of the objectives of this study was to determine
the level of insecticide resistance in An. (Nys.) albimanus
mosquitoes. The mosquitoes used in the susceptibility
assays originated from one of the main malaria endemic
regions of Panama with characteristics that resembles that of
the other selected locations in this study. The susceptibility
bioassays indicated that An. (Nys.) albimanus continue to be
susceptible to the organophosphate insecticide fenitrothion,
carbamate propoxur and malathion. We observed that the
level of susceptibility for fenitrothion was greater than for
the insecticides malathion and propoxur. Nevertheless,
the differences in the mortality rates were not statistically
significant. This indicates that, despite the re-introduction
of fenitrothion in 2002 for its use in IRS, the mosquito
populations have not yet developed insecticide resistance.
The results from this work coincide with work conducted
with other native populations of An. (Nys.) albimanus from
three malaria endemic communities (Pintupo, Aguas Claras
and Puente Bayano), and in which they are susceptible to
the insecticides organophosphate fenitrothion, malathion,
chlorpyrifos and to carbamate propoxur. However, they had
resistance to pyrethroids, deltamethrin, lambdacyhalothrin,
cyfluthrin and cypermethrin [44]. These levels of insecticide
resistance can contribute to failures in malaria control and
lead to a greater malaria transmission [69].

The susceptibility of An. (Nys.) albimanus to fenitrothion
could be due to the moderate frequency of application and
to the percentage coverage. Given that malaria in endemic
regions is characterized by transmission in small outbreaks
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or focus [45,70], the IRS applications do not cover all the
communities in a specific malaria endemic area or the entire
community where the outbreak is currently happening.
Furthermore, there is reluctance on the part of homeowners
to accept the IRS application especially among indigenous
communities. Thus, in general, there is a partial application
that does not attain 100% coverage of the houses and
communities. This would leave a mosquito population free
from exposure to the insecticide and allow these mosquitoes
to maintain fenitrothion susceptibility within the population
of An. (Nys.) albimanus that is targeted.

Another aspect that should be considered is the biting
and resting behavior of the mosquito when affronting the
selective pressure of the insecticides applied to surfaces.
We have to consider that the socio- environmental changes
such as the introduction of effective vector control tools
could in turn induce a change in the behavior of Anopheles
mosquitoes. Within the context of malaria control, the use of
physical barriers (nets on windows and doors) as well as the
insecticide action, induce a stress in anopheline mosquitoes
interfering with blood feeding or with resting on interior
walls until their eggs are fully matured. Studies indicate
that behavioral modifications could include a change in
feeding times, a switch from feeding exclusively on humans
to feeding on other animals or an increase in the exophilic
behavior [71]. These behavioral changes could rise due
to selection pressure induced by LLINs and IRS and lead
to mosquito vectors feeding at earlier times and/or in the
peridomicile or extra-domiciles. This could in turn give them
a selective advantage giving rise to a phenotypic change in
the population [72,73].

Despite the results that indicate fenitrothion susceptible
in An. (Nys.) albimanus mosquitoes, the NMP should maintain
a constant monitoring and surveillance evaluating the bio
efficacy and susceptibility in the mosquito populations that
are subjected to selective pressure with fenitrothion. In a
similar work conducted in the Yucatan Peninsula, Mexico,
the mosquito An. (Nys.) albimanus was resistant to DDT and
deltamethrin, but was susceptible to carbamate bendiocarb
and to the organophosphate pirimiphos methyl, with the
exception of a locality (La Union) who was pirimiphos
methyl-resistant [53]. It is important to note that the NMP
of Panama, does not have program or technical personnel
trained in each of the malaria endemic regions that would
routinely monitor and conduct surveillance work on
the bio efficacy and insecticide-resistance of anopheline
mosquitoes. This risks the usefulness of the insecticides
currently being used to control mosquito vectors. The early
detection of susceptibility changes in mosquitoes is of great
importance to the vector control programs to maintain the
effectiveness of current insecticides. Because surveillance
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and monitoring work on insecticide resistance is limited in
Panama, the level of susceptibility is not known locally in
the communities with active malaria transmission in the
different endemic regions. In general, the magnitude of the
problem of insecticide resistance is unknown for most of the
malaria endemic regions in Panama [74]. The development
and implementation of a monitoring program of insecticide
resistance by the NMP, is critical to maintain an effective
strategy in the fight against An. (Nys.) albimanus. There is a
need for finding the basal level of insecticide resistance for
all the mosquito vectors in all the malaria endemic regions
of Panama. The absence of this information puts at risk the
usefulness of insecticides that are currently being used to
control mosquito vectors. Furthermore, this information
provides crucial technical information that allows us to apply
strategies to prevent or delay the development of resistance,
while maintaining an effective malaria control.

An important limitation in this study is that we could
only work with one field-derived strain from one of the
four endemic region of Panama. However, at the moment of
strain selection, we made the effort to select a region with
similar ecological, environmental and selective pressure
than the sites selected for the bio-efficacy work. Thus,
additional studies are needed to follow and select additional
sites that would allow us to determine the bio-efficacy and
susceptibility of the applied insecticides against An. (Nys.)
albimanus.

In conclusion, this study demonstrates that fenitrothion
maintains an elevated insecticide residuality and toxic effect
on different types of surfaces until the fifth month post-
application. Furthermore, An. (Nys.) albimanus remains
highly susceptible to this insecticide, providing a high degree
of protection against mosquito bites inside households,
and interrupting malaria transmission in places with high
IRS coverage and where the mosquito is still susceptible to
fenitrothion application. Furthermore, this study provides
important technical information valuable to the NMP efforts
at controlling this important malaria vector. Here we present
a base line of fenitrothion insecticide susceptibility and
those alternative insecticides that could be used at a time
when an insecticide change is needed. Furthermore, we
provide a detailed map of the areas with An. (Nys.) albimanus
populations that are susceptible or resistant to insecticides.
This information could be further used by the NMP to
considerably diminish the modifications often conducted
in the use of insecticides, reduce the number of control
strategy changes and reduce the cost of vector control
programs. Our study also recommends that the NMP develop
and implement a program that routinely monitors the bio-
efficacy and insecticide-resistance to attain an adequate
management of insecticide resistance when this technical
problem eventually arises.
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