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A B S T R A C T

Background: Oil formulations of entomopathogenic fungi have interest for biological mosquito control.
Objectives: The activities of M. anisopliae s.l. IP 46 conidia were tested in Aedes aegypti adults either without any
formulation or formulated with vegetable or mineral oil and in combination with diatomaceous earth.
Findings: IP 46 was highly active against adults, the vector of important arboviruses in the tropics and sub-
tropics. At an exposure of adults to 3.3×107 conidia/cm2, values of lethal times TL50 and TL90 reached minimal
3.8 and 4.6 days, respectively, and lethal concentrations LC50 and LC90 were 2.7×105 and 2.4× 106 conidia/
cm2, respectively, after 10 days of exposure. Activity against adults was improved by diatomaceous earth
(KeepDry® KD) combined with mineral oil (Naturol® N) or vegetable oil (Graxol® G). Additives KD or N separately
(and G to a lesser extent) or in combination, KD+N and KD+G without conidia had also a clear adulticidal
effect. Efficacy of conidia formulated or not with KD+N decreased somewhat at shorter exposure periods. Time
of exposure (0.017, 12, 48, 72 or 120 h) of adults to KD and N or IP 46 or conidia and KD and N had no
significant effect on mortality. M. anisopliae s.l. recycled on fungus-killed mosquitoes producing high quantities
of new conidia regardless of the conidial concentrations or formulations tested. Additives tested had no clear
effect on quantitative conidiogenesis on cadavers.
Main conclusions: Formulations of IP 46 conidia with mineral oil and diatomaceous earth represent a promising
tool for the development of potent strategies of focal control of this important vector with entomopathogenic
fungi.

1. Introduction

Aedes aegypti (Diptera: Culicidae) is the principal vector of Dengue,
Chikungunya, Zika and Mayara fever in the tropics and subtropics, and
a key target for vector control of arbovirus infection (Weaver et al.,
2018). This mosquito is highly adapted to human urban life and
common in domestic and peridomestic areas. Females feed on their
hosts during the day and proliferate in small or medium-sized breeding
sites. When not active both females and males rest in the same areas. In
the tropics, populations of A. aegypti persist throughout the year, even
during the dry season, and number of vectors rises dramatically in the
rainy season increasing the risk of epidemic outbreaks of mentioned
viral diseases. The effective control of this vector is difficult due to the
high resistance against synthetic insecticides, skip oviposition behavior,
flexibility of breeding site selection and a high resistance of eggs to

desiccation (Reiter, 2007; Wong et al., 2011; Moyes et al., 2017; Garcia
et al., 2018).

Hypocrealean fungi from the genus Metarhizium have high potential
for biological control of mosquito vectors of human diseases (Scholte
et al., 2004; Lacey, 2017; Mascarin et al., in press; Thomas, 2018).
These fungal entomopathogens generally infect their hosts through the
cuticle and then develop in the hemolymph and inner organs. Dynamics
of invasion are determined by the specific virulence of the fungal pa-
thogen, a high initial inoculum of infective propagules (generally con-
idia) on the cuticle, and favorable high ambient humidity for extra-
cuticular development of the entomopathogen. After infection hosts
eventually succumb in the following days, and depending on ambient
moisture, the fungus emerges on the dead host and produces new in-
fective conidia.

IP 46, a member of the Metarhizium anisopliae complex, has been
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studied over many years against invertebrates with medical and ve-
terinary importance (Rocha and Luz, 2011; Luz et al., 2012, 2016;
Hubner-Campos et al., 2013; Duarte et al., 2015; Gutierrez et al., 2016).
This strain also has promising activity against eggs and larvae of A.
aegypti (Silva et al., 2004; Albernaz et al., 2009; Santos et al., 2009),
and there is initial evidence of adulticidal activity in this vector (Leles
et al., 2010; Falvo et al., 2016). IP 46 was isolated from a soil sample in
Central Brazil in 2001 (Rocha et al., 2013).

Additives in fungal formulations intend to improve the effect of the
pathogen in the target pest. Mineral and vegetable oils applied on pest
insects may affect insects and are often used in fungal formulations.
Conidia of Metarhizium spp. formulated in pure oil or in oil-in-water
formulations and applied on the cuticle adhered to the cuticle in higher
numbers and more homogenously than conidia without oil. In addition,
oil-formulated propagules developed quicker on the cuticle than un-
formulated conidia. Oils may also protect propagules after application
or after adhesion on the cuticle against harmful abiotic stresses (Burges,
1998; Luz and Batagin, 2005; Barreto et al., 2016; Alves et al., 2017).
The activity of oil-formulated Metarhizium conidia against arthropods
was distinctly improved at suboptimal conditions of ambient humidity,
challenging high temperatures or UV radiation for germination of
conidia (Moore et al., 1993; Inglis et al., 1995; Morley-Davies et al.,
1996). Diatomaceous earth, which is known to cause abrasive damage
to the cuticular surfaces, is a known insecticide against arthropod pests
of stored grains (Korunic, 1998; Akbar et al., 2004; Dal Bello et al.,
2006; Athanassiou and Steenberg, 2007; Batta, 2008) and as an ad-
ditive, especially in combination with oil-enhanced fungal activity of
fungal entomopathogens, against triatomine vectors (Luz et al., 2012).

Oil formulations of M. anisopliae have been tested against mosquito
adults, especially Anopheles spp. (Scholte et al., 2006; Mnyone et al.,
2009, 2011), but little is known yet about the potential of these and
other additives against A. aegypti (Paula et al., 2008; Carolino et al.,
2014). We report here on the toxicity of vegetable and mineral oil and
diatomaceous earth and their effects as additives to fungal formulations
of IP 46 against A. aegypti adults and on conidiogenesis on fungus-killed
individuals.

2. Materials and methods

2.1. Origin, rearing and preparation of mosquitoes

The colony of A. aegypti originated from larvae collected in Goiânia,
Brazil, in 2012, and was maintained in the laboratory at 27 ± 5 °C,
75 ± 10% relative humidity (RH) and natural photophase. Adults were
fed ad libitum on cloth pads imbibed with 10% sucrose solution.
Females were fed twice a week following the method described by Lima
et al. (2009), a technique approved previously by the Ethics Commis-
sion for the Use of Animals of the Federal University of Goiás, Goiânia
(CEUA 079/13, UFG, February 10, 2014). Eggs were prepared ac-
cording to Rocha et al. (2015). For assays, filter papers with eggs were
transferred to a plastic bowl (29 cm diameter, 15 cm height) with
1.000ml of tap water. Larvae were fed with triturated cat food (Bom
Preço®, Salto de Pirapora, Brazil) until pupation, and pupae then
transferred to a plastic cup (50ml) containing 30ml of tap water, and
the cup placed in a plastic container (500ml) covered with a mesh to
collect emerging adults.

2.2. Origin and preparation of the fungus

M. anisopliae s.l. IP 46 from Central Brazil is stored in the Fungal
Collection of IPTSP and as CG 620 at Embrapa Genetic Resources and
Biotechnology, Brasília, Brazil. Before the tests, the isolate was host-
passaged on adult A. aegypti as reported by Luz et al. (2007) to stan-
dardize its virulence. The isolate was cultivated on PDA (potato-dex-
trose-agar, Acumedia, Lansing, Michigan, USA) at 25 ± 1 °C,
75 ± 10% RH and 12 h photophase for 15 days. Aerial conidia were

harvested directly by scraping with a spatula from the surface of the
culture, transferred to a Petri dish and dried on silica gel for 5 days at
4 °C. For the quantification of the conidia, 5 mg of dried conidia were
suspended in 1ml of sterile 0.01% Tween 80 (polyoxyethylene sorbitan
monoleate), and the number of conidia (conidia/mg) calculated based
on hemacytometer counts. The viability of conidia (> 95% germina-
tion) was assessed at the beginning of each test inoculating 100 μl of a
conidial suspension at 105 conidia/ml onto SDAY (Sabouraud-Dextrose-
Yeast-Agar) medium. Germination of 400 conidia was quantified with a
light microscope, after 20–24 h incubation at 25 ± 1 °C and 12 h
photophase. Conidia were considered germinated if their germ tubes
were longer than the conidial diameter.

2.3. Additives and their application

The inner surface of transparent plastic cups with lids (Copocentro,
Anapolis, Brazil, 10.5 cm height, 7 cm diameter with a total inner sur-
face area of 336 cm2) was roughened with sandpaper (A-257, G220,
Norton Saint-Gobain Abrasivas, Guarulhos, Brazil) to permit a homo-
genous distribution of additives and conidia on the surface. About 45
regularly distributed circular openings (≤ 1mm diameter) in the cup
provided a permanent air exchange. Emulsifiable vegetable oil
(Graxol®, Agrária Indústria e Comércio Ltda., Jardinópolis, Brazil)
mentioned in the following as G was tested at 0.25 μl/cm2. Mineral oil
(Naturol®, Farmax Ltda., Divinópolis, Brazil) indicated as N was tested
at 0.25 μl/cm2, and diatomaceous earth (KeepDry®, Irrigação Dias Cruz
Ltda., Santo André, Brazil) mentioned as KD was tested at 0.6 mg/cm2.
The oils were distributed manually using the index finger protected by a
sterile latex surgical glove (Talge® Descartáveis do Brasil Ltda., Itajaí,
Brazil), and KD and conidia with a paintbrush on the whole inner
surface of the cup. Additives (G, N or KD) were tested separately, in
combination (G and KD or N and KD) with or without conidia
(3.3× 106 conidia/cm2); finally, conidia without any additives (105,
106, 3.3× 106, 107 and 3.3×107 conidia/cm2), and a control group
with neither conidia nor additives were also included.

2.4. Evaluation of adulticidal activity

Ten A. aegypti adults, aged to 24–72 h after emergence, were
transferred to each treated cup and exposed to additives and/or conidia
for 60 sec (0.017 h), 12, 48, 72, 120 h or permanently, and then in-
cubated at 25 ± 1 °C, 75 ± 5% RH and 12 h photophase for up to 15
days. Adults were able to feed ad libitum on a strip of filter paper ad-
justed in a small glass vial (2 cm diameter and 4.5 cm height) filled with
previously sterilized 10% aqueous sucrose solution and replaced on
alternating days. Mortality was monitored daily, and dead mosquitoes
retrieved and processed for further conidiogenesis as explained in the
following. Routinely, four independent repetitions were carried out.

2.5. Quantification of conidia on mycotized adults

Dead adults were incubated on filter paper at 25 ± 1 °C,> 98% RH
and 12 h photophase for 10 days, and fungal development was checked
daily. Adults were then transferred individually to a tube with 1ml
0.01% Tween 80 and vortexed for 3min. The conidial suspensions were
diluted as necessary, and the total number of conidia determined based
on hemacytometer counts.

2.6. Analysis of data

Data percentages were arcsine-square root transformed and then
analyzed with analysis of variance (ANOVA) and the Student-Newman-
Keuls (SNK) multiple range test for comparison of means. Means were
considered statistically different at P < 0.05. Lethal concentrations
(LC50 and LC90) and times to kill 50% and 90% (LT50 and LT90) of
mosquitoes were calculated by probit analysis of independent and
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dependent values, respectively (Preisler and Robertson, 1989; Throne
et al., 1995).

3. Results

3.1. Adulticidal activity of IP 46 and development on dead adults

All adults exposed to IP 46 conidia, without any further additive, at
25 ± 1 °C and 75 ± 5% RH survived the first 2 days, regardless of the
conidial concentrations tested (105 up to 3.3× 107 conidia/cm2). The
first dead adults were detected after a 3-day incubation at ≥ 107

conidia/cm2, and first dead mosquitoes were found after the 4th day for
the other concentrations (105 up to 3.3×106 conidia/cm2). Mortality
increased in the next days, and there was a highly significant effect of
the conidial concentration on cumulated mortality at a 5- and 15-day
exposure (F5,18 ≥ 32; P < 0.001; Table 1). Values of TL50 and TL90
decreased at higher conidial concentrations and reached minimal 3.8
days (TL50) and 4.6 days (TL90) (Table 1). Survival time was highest at
lowest conidial concentrations tested (105 conidia/cm2) with TL50 11.7
days and TL90 19.3 days (Table 1). Lethal concentrations to kill 50%
(LC50) and 90% (LC90) of the adults were 5.8× 106 and 1.7×107

conidia/cm2 after 5 days of exposure and 2.7×105 and 2.4×106

conidia/cm2 after 10 days of exposure (Table 2). No mortality was
found in the control groups in any repetition up to 15 days of exposure.

Mycelium and conidia were detected on dead adults, 2 and 4 days
after exposure in a moist chamber, respectively, regardless of the con-
idial concentration to which mosquitoes were previously exposed. The

mean number of newly produced conidia found on dead adults after a
10-day incubation varied between 4.9× 106 conidia/adult (at initially
105 conidia/cm2) and 13.4×106 conidia/adult (at initially 3.3× 107

conidia/cm2) without significant effect of the conidial concentrations
tested on quantitative conidiogenesis on dead mosquitoes (F4,10= 1.3;
P= 0.4; Table 1).

3.2. Activity of additives and formulations

First adults died within 3 days of exposure (IP 46+KD and IP
46+KD+N) or 4 days (IP 46 and IP 46+KD+G), and at a 5-day
exposure there was a significant effect of the formulation on cumulative
mortality (F11,36= 2.3; P= 0.03), that varied between 0% (G) and 30%
(N and IP 46+KD+G; Table 3). Mortality increased in the next days
with the exception of the control, and at a 15-day exposure the effect of
the formulation on cumulative mortality was highly significant
(F11,36= 16.3; P < 0.001) with highest mortality (100%) testing un-
formulated conidia or conidia formulated only with KD or KD+N or
KD+G. Whereas no control mortality and a low cumulative mortality
of adults treated with G (17.5%) were observed, mortality of adults
tested with KD or N was ≥ 77.5% at the same moment (Table 3). The
smallest values of LT50 (≤ 6.4 days) were found for conidia formulated
with KD or KD+G or KD+N, and the smallest values of LT90 (≤ 7.9
days) testing conidia formulated with KD+N or KD+G (Table 3).

The number of newly produced conidia on dead adults after a 10-
day incubation varied between lowest 2.8× 106 conidia/adult (N) and
highest 6.3× 106 conidia/adult (KD) with a highly significant effect of
the formulation tested on overall new post-mortem conidiogenesis
(F5,139= 12; P < 0.01; Table 3).

3.3. Evaluation of different exposure times of Aedes aegypti

Time of exposure (0.017, 12, 48, 72 or 120 h) of adults had no
significant effect on mortality (F14,45 ≤ 1.7; P≥ 0.2) up to 5 days in
cups treated only with KD (0.6mg/cm2) and N (0.25 μl/cm2) or IP 46
(3.3× 106 conidia/cm2) or conidia and KD and N at the same con-
centration. Cumulative relative mortality after a 5-day exposure varied
between 0% (adults exposed for 120 h to cups treated with KD+N)
and 38% (adults exposed for 120 h to cups treated with IP
46+KD+N; Table 4). Mortality increased in the following days and,
after a 15-day exposure, reached total mortality in cups treated with IP
46 only and a previous 120 h exposure of adults to conidia and with IP
46 formulated with KD+N at a 72 or 120 h exposure. Cumulative
mortalities within 15 days were lowest (42.5–82.5%) testing additives

Table 1
Cumulative relative mortality (± standard error, SE) after a 5 and 15 day exposure and lethal time (days) to kill 50 and 90% (LT50 and LT90 with their respective
95% confidence interval, CI, slope ± SE) of adult Aedes aegypti, exposed to Metarhizium anisopliae s.l. IP 46, and the mean number of conidia (± SE) found on
adults*.

Cumulative mortality Lethal time Number of
conidia/adult

Conidia/cm2 5 days 15 days LT50 (CI) LT90 (CI) Slope ± SE ±SE***

0 0 a 0 a ** ** – –
105 7.5 ± 3 a 75 ± 3.2 b 11.7 (9.8–14) c 19.3 (16.6–23.6) b 0.2 ± 0.02 4.9 ± 1.4 a
106 45 ± 4.4 b 100 c 7.5 (5.3–9.5) b 12.4 (10.3–16.5) b 0.3 ± 0.03 8.7 ± 3.7 a
3.3× 106 20 ± 4.6 a 100 c 7.2 (4.2–9.9) bc 11.9 (9.4–18.7) b 0.3 ± 0.04 7.6 ± 1.6 a
107 77 ± 6 c 100 c 4.2 (0.5–6.9) ab 7.2 (5.2–17.5) b 1.7 ± 0.25 8.7 ± 1 a
3.3× 107 97 ± 1.7 d 100 c 3.8 (3.6–4) a 4.6 (4.3–4.9) a 0.3 ± 0.07 13.4 ± 2.3 a
F5,18 47.4 32 – – F4,10 1.3
P < 0.001 < 0.001 – – P = 0.4

Ten adults were exposed in a plastic cup with a 336 cm2 total inner surface area, previously untreated (control) or treated with conidia at different concentrations and
incubated at 75 ± 5% relative humidity (RH) and 25 ± 1 °C up to 15 days. Values (calculated with four independent repetitions) within the same column (mortality
and numbers of conidia with ANOVA and SNK-test at P < 0.05; LT50 and LT90 with Probit analysis on their CI 95%), followed by different letters (a–d) were
significantly different among each other.
*dead adults were incubated at 25 ± 1 °C and>98% RH for 10 days; **cumulative mortality was too low (≤ 50%) to calculate LT50 and LT90; ***all values
multiplied by 106.

Table 2
Lethal concentration (conidia/cm2) to kill 50 and 90% (LC50 and LC90 with
their respective 95% confidence interval, CI, slope ± standard error, SE) of
adult Aedes aegypti, exposed to Metarhizium anisopliae s.l. IP 46.

Days LC50 (CI) LC90 (CI) Slope ± SE

5 5.8×106

(2× 106–1.3×107) a
1.7× 107

(9.2× 106–7.1×107) a
2.7 ± 0.11

10 2.7×105

(1.3× 105–4×105) b
2.4× 106

(1.5× 106–4× 106) b
1.1 ± 0.13

Ten adults were exposed in a plastic cup with a 336 cm2 total inner surface area,
previously treated with conidia at different concentrations (105–3.3× 107

conidia/cm2) and incubated at 75 ± 5% relative humidity and 25 ± 1 °C up
to 10 days. Values (calculated with four independent repetitions) within the
same column (based on their CI 95%), followed by different letters (a–b) were
significantly different among each other. No control mortality up to a 10-day
exposure in untreated cups was recorded.

J. Rodrigues, et al. Acta Tropica 193 (2019) 192–198

194



KD+N only and increased testing IP 46 (77.5–100%) and IP 46 applied
with KD+N (85–100%). Control mortality was ≤ 5% at the same
time. There was a significant effect of exposure time testing un-
formulated conidia (F4,15= 4.4; P=0.01: 0.017 h< 12 h up to 120 h)
but not of conidia formulated with KD+N or KD+N without conidia
(F4,15 ≤ 2; P≥ 0.13) on mortality (Table 4).

Lethal times LT50 and LT90 decreased with longer initial exposure
times, and were shortest (LT50 5.2 days and LT90 7.8 days) after ex-
posing adults for maximal 5 days to conidia formulated with KD+N.
The longest values of LT50 (≥ 10.5 days) and LT90 (≥ 18.7 days) were
obtained with KD+N (Table 4).

The mean numbers of new conidia produced on dead adults varied
between lowest of 4.2× 106 conidia/adult (adults previously exposed

to conidia for 5 days) and the highest of 8.4× 106 conidia/adult
(previously 2 days) with a significant effect of the formulation/ex-
posure time on quantitative conidiogenesis on dead adults
(F9,158= 3.7; P= 0.003; Table 4).

4. Discussion

Our findings strengthened and increased the potential for using M.
anisopliae s.l. IP 46 against A. aegypti adults. After exposing adults to
unformulated conidia at a high concentration (3.3× 107 conidia/cm2),
this fungus was able to kill almost all mosquitoes in fewer than 5 days,
or at lower concentrations of conidia (≥ 106 conidia/cm2) all mos-
quitoes died within two weeks. A fast elimination of adult vectors by

Table 3
Cumulative mortality (± standard error, SE) after a 5 and 15 day exposure, lethal time (days) to kill 50 and 90% (LT50 and LT90 with their respective 95% confidence
interval, CI, slope ± SE) of adult Aedes aegypti, exposed to single additive or combined formulation of Metarhizium anisopliae s.l. IP 46, and the mean number of
conidia (± SE) found on adults*.

Additive or formulation Cumulative mortality Lethal time Number of
conidia/adult ± SE***

5 days 15 days LT50 (CI) LT90 (CI) Slope ± SE

Control 0b 0c ** ** – –
KD 7.5 ± 4 ab 87.5 ± 8.2 a 10.4 (8.6–12.2) b 17.2 (14.9–20.6) c 0.2 ± 0.02 –
N 30 ± 15 a 77.5 ± 14 a 9.7 (0–30.7) ab 19.8 (12.4–179.8) c 0.1 ± 0.02 –
G 0 b 17.5 ± 6 b 17.6 (15.9–30.8) b 21.9 (18.1–49.7) c 0.3 ± 0.1 –
KD+N 7.5 ± 4 ab 92.5 ± 4 a 8.9 (7.7–10.2) ab 13.9 (12.5–18.9) c 0.3 ± 0.03 –
KD+G 7.5 ± 2 ab 97.5 ± 2 a 9.8 (7.9–11.9) ab 15.1 (12.9–18.9) c 0.2 ± 0.03 –
IP 46 22.5 ± 6 a 100 a 6.4 (5.7–7) a 9 (8.2–10.1) b 0.5 ± 0.06 5 ± 0.3 b
IP 46+KD 17.5 ± 9 a 100 a 5.8 (4–8) a 7.9 (6.4–14.6) ab 0.6 ± 0.08 6.3 ± 0.1 c
IP 46+N 7.5 ± 4 ab 85 ± 6 a 10.2 (1.8–19) ab 17.9 (12.6–54.6) c 0.2 ± 0.02 2.8 ± 0.1 a
IP 46 + G 7.5 ± 6 ab 75 ± 13 a 10.2 (0.3–23.4) ab 18.5 (12.6–87.5) c 0.2 ± 0.02 3 ± 0.1 ab
IP 46+KD+N 25 ± 2 a 100 a 5.8 (5.4–6.3) a 7.5 (6.9–8.3) a 0.8 ± 0.1 4 ± 0.9 b
IP 46+KD+G 30 ± 9 a 100 a 5.9 (5.4–6.3) a 7.6 (7–8.5) a 0.7 ± 0.1 6 ± 0.2 c
F11, 36 2.3 16.3 – – F5,139 12
P 0.03 < 0.001 – – P < 0.01

Ten adults were exposed in a plastic cup with a 336 cm2 total inner surface area, previously untreated (control) or treated with conidia (3.3× 106 conidia/cm2) or
with KeepDry® (KD) at 0.6 mg/cm2, mineral oil Naturol® (N) at 0.25 μl/cm2, vegetable oil Graxol® (G) at 0.25 μl/cm2, combination KD+N or KD+G or combined
with conidia of IP 46 (IP 46+KD; IP 46+N; IP 46+KD+N; IP 46+KD+G), incubated at 75 ± 5% relative humidity and 25 ± 1 °C up to 15 days. Values
(calculated with four independent repetitions) within the same column (mortality based on ANOVA and SNK test at P < 0.05; LT50 and LT90 on their CI 95%),
followed by different letters (a–c) were significantly different among each other.
*dead adults were incubated at 25 ± 1 °Cand>98% RH for 10 days; **cumulative mortality was too low (≤ 50%) to calculate LT50 and LT90. ***all values
multiplied by 106.

Table 4
Cumulative relative mortality (± standard error, SE) after 5 and 15 days of exposure of Aedes aegypti adults to conidia of Metarhizium anisopliae s.l. IP 46 formulated
with diatomaceous earth (KeepDry®) and mineral oil (Naturol®) and lethal time (days) to kill 50 and 90% (LT50 and LT90) with their respective 95% confidence
interval (CI, slope ± SE), and the mean number of conidia (± SE) found on adults.

Conidia KD+N Time of exposure (h) Cumulative mortality Lethal time Number of
conidia/adult**

5 days 15 days LT50 (CI) LT90 (CI) Slope (± SE) ± SE

– + 0.017 10 ± 7.5 42.5 ± 22.5 a * * – –
– + 12 30 ± 15.4 67.5 ± 12 ab 11.4 (3–26.7) bc 25 (16.1–82) b 0.1 ± 0.02 –
– + 48 17.5 ± 5.4 82.5 ± 7.4 ab 10.5 (6.1–16) abc 18.7 (14–33) b 0.1 ± 0.03 –
– + 72 17.5 ± 6.5 77.5 ± 7.4 ab 11.3 (4.1–21.4) c 21 (14.6–57.4) b 0.1 ± 0.02 –
– + 120 0 75 ± 9 ab 10.8 (5.5–17.8) ab 19.8 (14.4–41.9) b 0.1 ± 0.03 –
+ – 0.017 22.5 ± 11,4 77.5 ± 11.4 ab 9.6 (7.4–12) ab 18 (15.2–23.2) b 0.1 ± 0.03 4.3 ± 6abc
+ – 12 27.5 ± 12 90 ± 8.6 b 8.1(2.1–13.3) bc 16.8 (12–33.7) a 0.1 ± 0.03 4.4 ± 7.3bc
+ – 48 20 ± 14.6 90 ± 8.6 b 8.1 (7–9.3) ab 12.7 (11.2–15) a 0.3 ± 0.04 8.4 ± 9.6c
+ – 72 32.5 ± 4.1 97.5 ± 2.2 b 8.3 (6.5–10) ab 15 (13–18.2) a 0.2 ± 0.03 6.3 ± 7.2abc
+ – 120 32.5 ± 7.4 100 b 5.9 (5–6.7) a 9 (8–10.4) ab 0.4 ± 0.06 4.2 ± 7.9a
+ + 0.017 27.5 ± 8.2 90 ± 8.6 b 7 (5.3–8.4) ab 13 (11–15.7) ab 0.2 ± 0.03 5.5 ± 5.8bc
+ + 12 17.5 ± 7.4 85 ± 10.3 ab 8.7(7–10) ab 15.4 (13.2–18.9) ab 0.2 ± 0.03 5.8 ± 9.3abc
+ + 48 35 ± 10.3 95 ± 4.3 b 6.4 (1.8–10.2) b 12.1 (8.7–22.1) ab 0.2 ± 0.03 5.5 ± 4.8bc
+ + 72 37.5 ± 9 100 b 5.8 (5.1–6.4) a 8.2 (7.5–9.3) a 0.5 ± 0.06 7.7 ± 8.4ab
+ + 120 38 ± 14 100 b 5.2 (4.5–5.8) a 7.8 (7–8.9) a 0.5 ± 0.06 4.3 ± 6.3a

Ten adults were exposed at 0.017 h (60 s), 12 h, 48 h, 72 h and 120 h, IP 46 conidia (3.3× 106 conidia/cm2) formulated in KeepDry® (KD) to 0.6 mg/cm2 and mineral
oil Naturol® (N) 0.25 μl/cm2 (IP 46+KD+N) incubated at 75 ± 5% relative humidity and 25 ± 1 °C up to 15 days. Values (calculated with four independent
replications) within the same column (mortalities with ANOVA and SNK-test, P < 0.05; LT50 and LT90 with Probit analysis on their CI 95%), followed by different
letter (a–c), were significantly different. * Mortality insufficient to calculate LT50 and LT90. ** Values multiplied by 106.
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the fungus is desirable but may not be so critical as might generally be
assumed. Mosquitoes diseased by an entomopathogenic fungus will
survive for a couple of days but, depending on the virulence of the
pathogen, feeding activity and reproduction of diseased individuals will
decrease quickly after infection. Thus, the fitness and capacity to
transmit pathogens and parasites are both reduced for fungus-infected
mosquitoes (Blanford et al., 2005; Garza-Hernández et al., 2013; Heinig
et al., 2015; Heinig and Thomas, 2015).

Fungal efficacy causing high and rapid mortality could be improved
by using diatomaceous earth (KD) combined with mineral oil (N) or
vegetable oil (G) at a tenfold lower conidial concentration. Additives
separately, KD or N (G to a lesser extent) or in combination, KD+N
and KD+G had also a clear adulticidal effect under the conditions
tested here. In combination with conidia, adults were more susceptible
to infection when exposed to conidia formulated with KD only or KD
formulated with mineral or vegetable oil than to conidia formulated
only with oil (G or N). Most studies on formulations of en-
tomopathogenic fungi for control of mosquito adults focused on oils,
whether mineral or vegetable oils (Paula et al., 2008; Mnyone et al.,
2011; Carolino et al., 2014; Lobo et al., 2016). In the present study,
both natural oil (N) and vegetable oil (G) were tested. Whereas vege-
table oils are biodegradable and ecofriendly, a mineral oil in a fungal
formulation such as N will probably increase the post-application re-
sidual effect of a mycoinsecticide due to a slower disintegration by
microbial activity than for a vegetable oil. Application of mineral oils at
low concentrations in a device for focal application suggests a lower
harmful ambient impact than the application of oil formulations in
large areas, because the device or parts can be discarded under con-
trolled conditions. The repellency of oils to mosquito adults has been
studied repeatedly, and there is so far no evidence that mosquitoes are
repelled by substrates treated with oil at low concentrations under la-
boratory and field conditions (Mnyone et al., 2010; Lobo et al., 2016).

The enhanced activity of conidia applied in a combined oil and KD
formulation, even at suboptimal conditions of humidity (RH 75%) for
extra-cuticular development of the fungus, was reported for the first
time in A. aegypti and has been shown previously only in Triatoma in-
festans (Luz et al., 2012). Whereas tests on mosquitoes were also run at
75% RH, there was no clear synergistic effect of the combined for-
mulation in A. aegypti adults, as found previously with vectors of
Chagas disease (Luz et al., 2012).

Adults in the present study were exposed, in the first step, con-
tinuously to the formulation. This continuous exposure will provide a
consistent answer on the susceptibility of the tested insect to fungal
strain and the additives and different combinations with conidia but
does not really reflect the conditions that mosquitoes undergo in nat-
ural field conditions. The time of exposure to a fungus-treated substrate
and the real dose of the fungal formulation deposited on the target
insect´s surface during exposure are key questions to be addressed for
the development of indirect application strategies of a fungal for-
mulation. Extended and recurrent permanence of mosquitoes up to
hours on a treated substrate can be expected in resting sites regardless
of their sex and physiological status. Day-active A. aegypti adults remain
in their domestic and peridomestic resting sites during the night and
occasionally during the day, and a device with a treated surface si-
mulating a resting site seems to be a first choice for focal indirect ap-
plications of a mycoinsecticide for mosquito control (Silva et al., 2018).
Another useful target would be devices that simulate breeding sites
where gravid females will selectively settle for oviposition, albeit for
shorter periods than on more routine resting sites. In these specific
devices, adults eventually get contaminated with a fungal formulation
and infected by the entomopathogen (Snetselaar et al., 2014).

The efficacy of IP 46 conidia formulated or not with KD+N de-
creased somewhat at shorter exposure periods, tested in the second
step, down to a single minute, but activity was not really hampered by
the tested exposure periods. Our findings on the augmented formula-
tions suggest possible strategies to develop new devices for the control

of A. aegypti and other mosquito vectors. Mnyone et al. (2009) de-
termined that a minimal 30-minute exposure of Anopheles gambiae
adults to M. anisopliae or Beauveria bassiana conidia formulated in oil
could be effective.

The recycling of the fungus on the killed host by producing a new
crop of infective propagules is another key question to address, as the
entomopathogen could thus be dispersed by such new conidia to other
resting or breeding sites where other target insects will be infected by
contact to mycotized cadavers or detached conidia in the surroundings.
Entomopathogenic fungi need high moisture to emerge and to sporulate
on host cadavers (Luz and Fargues, 1998), and the dispersal of the
entomopathogen seems most possible by gravid females that visit
aquatic breeding sites. A. aegypti females generally oviposit close to the
water line where moisture is elevated. Infected females are naturally
weakened by the pathogen and might also die there as a result of their
fungal infection during or after oviposition; this would allow the fungus
to emerge and to form new conidia on the dead individual that get
dispersed in the breeding site. Other gravid females arriving in place for
oviposition as well as their eggs and eclosing larvae may eventually get
contaminated and infected with the pathogen.

M. anisopliae s.l. IP 46 recycled on fungus-killed mosquitoes by
producing high quantities of new conidia regardless of the conidial
concentrations or formulations tested. Such a conidial production on
dead adults makes this strain highly interesting for applications onto
new breeding sites where health agents have a difficult access for other,
more standard control measures. A previous study with different strains
of B. bassiana against T. infestans showed that quantitative con-
idiogenesis on fungus-killed individuals treated previously at different
conidial concentration depended on the fungal strain (Luz et al., 1999).
There is still little information about the post-mortem sporulation of
entomopathogenic fungi on fungus-killed mosquitoes (Falvo et al.,
2016). In the present study, the additives tested had no clear effect on
quantitative conidiogenesis on cadavers probably due to the minimal
amounts of the oil and diatomaceous earth remaining on the mosquito´s
surface after exposure. Passive or active removal of additives on the
cuticle by grooming behavior and disintegration especially of the ve-
getable oil probably also contributed to the low impact of these for-
mulation ingredients on the development on dead adults.

Formulations of M. anisopliae s.l. IP 46 conidia with mineral oil and
diatomaceous earth represent a promising tool for the development of
potent strategies of focal control of this important vector with en-
tomopathogenic fungi.

Acknowledgements

Authors thank Richard A. Humber (United States Department of
Agriculture, Agricultural Research Service, Ithaca, New York, USA, re-
tired) for the critical review of the manuscript.

Funding

This study was supported by the Coordination of the Improvement
of Higher Education (CAPES), the National Council for Scientific and
Technological Development of Brazil (CNPq) and Brazilian Ministry of
Health440506/2016 and grants CAPES88887.146821/2017-00 to JR,
CAPES2010100153 to PRB, PQ CNPq308850/2015-7 to ÉKKF, and PQ
CNPq311672/2016-7 to CL.

Conflict of interest

There are no conflicts of interest to declare.

References

Akbar, W., Lord, J., Nechols, J.R., Howard, R.W., 2004. Diatomaceous earth increases the
efficacy of Beauveria bassiana against Tribolium castaneum larvae and increases

J. Rodrigues, et al. Acta Tropica 193 (2019) 192–198

196



conidia attachment. J. Econ. Entomol. 97, 273–280. https://doi.org/10.1093/jee/97.
2.273.

Albernaz, D.A.S., Tai, M.H.H., Luz, C., 2009. Enhanced ovicidal activity of an oil for-
mulation of the fungus Metarhizium anisopliae on the mosquito Aedes aegypti. Med.
Vet. Entomol. 23, 141–147. https://doi.org/10.1111/j.1365-2915.2008.00792.x.

Alves, F.M., Bernardo, C.C., Paixao, F.R., Barreto, L.P., Luz, C., Humber, R.A., Fernandes,
É.K.K., 2017. Heat-stressedMetarhizium anisopliae: viability (in vitro) and virulence (in
vivo) assessments against the tick Rhipicephalus sanguineus. Parasitol. Res. 116,
111–121. https://doi.org/10.1007/s00436-016-5267-z.

Athanassiou, C.G., Steenberg, T., 2007. Insecticidal effect of Beauveria bassiana (Balsamo)
Vuillemin (Ascomycota: Hypocreales) in combination with three diatomaceous earth
formulations against Sitophilus granarius (L.) (Coleoptera: Curculionidae). Biol.
Control 40, 411–416. https://doi.org/10.1016/j.biocontrol.2006.12.001.

Barreto, L.P., Luz, C., Mascarin, G.M., Roberts, D.W., Arruda, W., Fernandes, É.K.K., 2016.
Effect of heat stress and oil formulation on conidial germination of Metarhizium an-
isopliae s.s. on tick cuticle and artificial medium. J. Invertebr. Pathol. 138, 94–103.
https://doi.org/10.1016/j.jip.2016.06.007.

Batta, Y.A., 2008. Control of main stored-grain insects with new formulations of en-
tomopathogenic fungi in diatomaceous earth dusts. Int. J. Food Eng. 4 (1). https://
doi.org/10.2202/1556-3758.1240.

Blanford, S., Chan, B.H.K., Jenkins, N., Sim, D., Turner, R.J., Read, A.F., Thomas, M.B.,
2005. Fungal pathogen reduces potential for malaria transmission. Science 308,
1638. https://doi.org/10.1126/science.1108423.

Burges, H.D., 1998. In: Burges, H.D. (Ed.), Formulation of Microbial Biopesticides.
Springer Science and Business Media Dordrecht. https://doi.org/10.1007/978-94-
011-4926-6. pp. 412.

Carolino, A., Paulo, A., Silva, C., Butt, T., Samuels, R., 2014. Monitoring persistence of the
entomopathogenic fungus Metarhizium anisopliae under simulated field conditions
with the aim of controlling adult Aedes aegypti (Diptera: Culicidae). Parasit. Vectors 7,
198. https://doi.org/10.1186/1756-3305-7-198.

Dal Bello, G.M., Padín, S., Juárez, M.P., Pedrini, N., Giusto, M., 2006. Biocontrol of
Acanthoscelides obtectus and Sitophilus orizae with diatomaceous earth and Beauveria
bassiana on stored grains. Biocontrol. Sci. Technol. 16, 215–220. https://doi.org/10.
1080/09583150500336010.

Duarte, G.F., Rodrigues, J., Fernandes, É.K.K., Humber, R.A., Luz, C., 2015. New insights
into the amphibious life of Biomphalaria glabrata and susceptibility of its egg masses
to fungal infection. J. Invertebr. Pathol. 125, 31–36. https://doi.org/10.1016/j.jip.
2014.12.013.

Falvo, M.L., Pereira, R.A.J., Rodrigues, J., López Lastra, C.C., Garcia, J.J., Fernandes,
É.K.K., Luz, C., 2016. UV-B radiation reduces in vitro germination of Metarhizium
anisopliae s.l. but does not affect virulence in fungus-treated Aedes aegypti adults and
development on dead mosquitoes. J. Appl. Microbiol. 121, 1710–1717. https://doi.
org/10.1111/jam.13309.

Garcia, G.A., David, M.R., Martins, A.J., Maciel-de-Freitas, R., Linss, J.G.B., Araújo, S.C.,
Lima, J.B.P., Valle, D., 2018. The impact of insecticide applications on the dynamics
of resistance: the case of four Aedes aegypti populations from different Brazilian re-
gions. PLoS Negl. Trop. Dis. 12 (2), e0006227. https://doi.org/10.1371/journal.pntd.
0006227.

Garza-Hernández, J.A., Rodríguez-Pérez, M.A., Salazar, M.I., Russell, T.L., Adeleke, M.A.,
Luna-Santillana, E.J., Reyes-Villanueva, F., 2013. Vectorial capacity of Aedes aegypti
for dengue virus type 2 is reduced with co-infection of Metarhizium anisopliae. PLoS
Negl. Trop. Dis. 7 (3), e2013. https://doi.org/10.1371/journal.pntd.0002013.

Gutierrez, A.C., Machado, J.A.R., Hubner-Campos, R.F., Pennisi, M.A., Rodrigues, J.,
López Lastra, C.C., Garcia, J.J., Fernandes, É.K.K., Luz, C., 2016. New insights into
the infection of the American cockroach Periplaneta americana nymphs with
Metarhizium anisopliae s.l. (Ascomycota: Hypocreales). J. Appl. Microbiol. 121,
1373–1383. https://doi.org/10.1111/jam.13254.

Heinig, R.L., Thomas, M.B., 2015. Interactions between a fungal entomopathogen and
malaria parasites within a mosquito vector. Malaria J 14, 22. https://doi.org/10.
1186/s12936-014-0526-x.

Heinig, R.L., Paaijmans, K.P., Hancock, P.A., Thomas, M.B., 2015. The potential for fungal
biopesticides to reduce malaria transmission under diverse environmental conditions.
J. Appl. Ecol. 52, 1558–1566. https://doi.org/10.1111/1365-2664.12522.

Hubner-Campos, R.F., Leles, R.N., Rodrigues, J., Luz, C., 2013. Efficacy of en-
tomopathogenic hypocrealean fungi against Periplaneta americana. Parasitol. Int. 62,
517–521. https://doi.org/10.1016/j.parint.2013.07.013.

Inglis, G.D., Goettel, M.S., Johnson, D.L., 1995. Influence of ultraviolet light protectants
on persistence of the entomopathogenic fungus. Beauveria bassiana. Biol. Control 5,
581–590. https://doi.org/10.1006/bcon.1995.1069.

Korunic, Z., 1998. Diatomaceous earths, a group of natural insecticides. J. Stored Prod.
Res. 34, 87–97. https://doi.org/10.1016/S0022-474X(97)00039-8.

Lacey, L.A., 2017. Microbial control of medically important mosquitoes in tropical cli-
mates. In: Lacey, L.A. (Ed.), Microbial Control of Insect and Mite Pests; 1st Edition
From Theory to Practice. Academic Press, London, UK, pp. 409–430.

Leles, R.N., Sousa, N.A., Rocha, L.F.R., Santos, A.H., Silva, G.H.H., Luz, C., 2010.
Pathogenicity of some hypocrealean fungi to Aedes aegypti (Diptera: Culicidade).
Parasitol. Res. 107, 1271–1274. https://doi.org/10.1007/s00436-010-1991-y.

Lima, W.P., Neto, F.C., Macoris, M.L.G., Zuccari, D.A.P.C., Dibo, M.R., 2009.
Estabelecimento de metodologia para alimentação de Aedes aegypti (Diptera-
Culicidae) em camundongos swiss e avaliação da toxicidade e do efeito residual do
óleo essencial de Tagetes minuta L. (Asteraceae) em populações de Aedes aegypti. Rev.
Soc. Bras. Med. Trop. 42, 638–641. https://doi.org/10.1590/S0037-
86822009000600005.

Lobo, L.S., Rodrigues, J., Luz, C., 2016. Effectiveness of Metarhizium anisopliae formula-
tions against dengue vectors under laboratory and field conditions. Biocontr. Sci.
Technol. 26 (3), 386–401. https://doi.org/10.1080/09583157.2015.1123220.

Luz, C., Batagin, I., 2005. Potential of oil-based formulations of Beauveria bassiana to
control Triatoma infestans. Mycopathologia 160, 51–62. https://doi.org/10.1007/
s11046-005-0210-3.

Luz, C., Fargues, J., 1998. Factors affecting conidial production of Beauveria bassiana from
fungus-killed cadavers of Rhodnius prolixus. J. Invertebr. Pathol. 72, 97–103. https://
doi.org/10.1006/jipa.1998.4774.

Luz, C., Silva, I.G., Cordeiro, C.M.T., Tigano, M.S., 1999. Sporulation of Beauveria bassiana
on cadavers of Triatoma infestans after infection at different temperatures and doses of
inoculum. J. Invertebr. Pathol. 73, 223–225 doi jipa.1998.4827.

Luz, C., Tai, M.H.H., Santos, A.H., Rocha, L.F.N., Albernaz, D.A.S., Silva, H.H.G., 2007.
Ovicidal activity of entomopathogenic Hyphomycetes on Aedes aegypti under la-
boratory conditions. J. Med. Entomol. 44, 799–804. https://doi.org/10.1093/
jmedent/44.5.799.

Luz, C., Rodrigues, J., Rocha, L.F.N., 2012. Diatomaceous earth and oil enhance effec-
tiveness of Metarhizium anisopliae against Triatoma infestans. Acta Trop. 122, 29–35.
https://doi.org/10.1016/j.actatropica.2011.11.014.

Luz, C., D’Alessandro, W., Rodrigues, J., Fernandes, É.K.K., 2016. Efficacy of water- and
oil-in-water-formulated Metarhizium anisopliae in Rhipicephalus sanguineus eggs and
eclosing larvae. Parasitol. Res. 115, 143–149. https://doi.org/10.1007/s00436-015-
4729-z.

Mascarin, G.M., Lopes, R.B., Fernandes, É.K.K., Delalibera, I., Luz, C., Faria, M., 2018.
Current status and perspectives for the microbial control of arthropod pests in Brazil
using fungal entomopathogens. J. Invertebr. Pathol. https://doi.org/10.1016/j.jip.
2018.01.001. in press.

Mnyone, L.L., Kirby, M.J., Lwetoijera, D.W., Mpingwa, M.W., Knols, B.G.J., Takken, W.,
Russell, T.L., 2009. Infection of the malaria mosquito, Anopheles gambiae, with two
species of entomopathogenic fungi: effects of concentration, co-formulation, ex-
posure time and persistence. Malaria J. 8, 309. https://doi.org/10.1186/1475-2875-
8-309.

Mnyone, L.L., Koenraadt, C.J.M., Lyimo, I.N., Mpingwa, M.W., Takken, W., Russell, T.L.,
2010. Anopheline and culicine mosquitoes are not repelled by surfaces treated with
the entomopathogenic fungi Metarhizium anisopliae and Beauveria bassiana. Parasit.
Vectors 3, 80. https://doi.org/10.1186/1756-3305-3-80.

Mnyone, L.L., Kirby, M.J., Mpingwa, M.W., Lwetoijera, D.W., Knols, B.G.J., Takken, W.,
Koenraadt, C.J.M., Russell, T.L., 2011. Infection of Anopheles gambiae mosquitoes
with entomopathogenic fungi: effect of host age and blood-feeding status. Parasitol.
Res. 108, 317–322. https://doi.org/10.1007/s00436-010-2064-y.

Moore, D., Bridge, P.D., Higgins, P.M., Bateman, R.P., Prior, C., 1993. Ultraviolet radia-
tion damage to Metarhizium flavoviride conidia and the protection given by vegetable
and mineral oils and chemical sunscreens. Ann. Appl. Biol. 122, 605–616. https://
doi.org/10.1111/j.1744-7348.1993.tb04061.x.

Morley-Davies, J., Moore, D., Prior, C., 1996. Screening of Metarhizium and Beauveria spp.
conidia with exposure to simulated sunlight and a range of temperatures. Mycol. Res.
100, 31–38. https://doi.org/10.1016/S0953-7562(96)80097-9.

Moyes, C.L., Vontas, J., Martins, A.J., Ng, L.C., Koou, S.Y., Dusfour, I., Raghavendra, K.,
Corbel, J.P.V., David, J.P., Weetman, D., 2017. Contemporary status of insecticide
resistance in the major Aedes vectors of arboviruses infecting humans. PLoS Neglect.
Trop. Dis. 11 (7), e0005625. https://doi.org/10.1371/journal.pntd.0005625.

Paula, A.R., Brito, E.S., Pereira, C.R., Carrera, M.P., Samuels, R.I., 2008. Susceptibility of
adult Aedes aegypti (Diptera: Culicidae) to infection by Metarhizium anisopliae and
Beauveria bassiana: prospects for Dengue vector control. Biocontr. Sci. Technol. 8,
1017–1025. https://doi.org/10.1080/09583150802509199.

Preisler, H.K., Robertson, J.L., 1989. Analysis of time-dose-mortality data. J. Econ.
Entomol. 82, 1534–1542.

Reiter, P., 2007. Oviposition, dispersal, and survival in Aedes aegypti: implications for the
efficacy of control strategies. Vector-borne Zoon. Dis. 7, 261–273. https://doi.org/10.
1089/vbz.2006.0630.

Rocha, L.F.N., Luz, C., 2011. Activity of Metarhizium spp. and Isaria spp. from the Central
Brazilian Cerrado against Triatoma infestans nymphs. Trans. R. Soc. Trop. Med. Hyg.
105, 417–419. https://doi.org/10.1016/j.trstmh.2011.04.012.

Rocha, L.F.N., Inglis, P.W., Humber, R.A., Kipnis, A., Luz, C., 2013. Occurrence of
Metarhizium spp. in Central Brazilian soils. J. Basic Microb. 52, 1–10. https://doi.org/
10.1002/jobm.201100482.

Rocha, L.F.N., Sousa, N.A., Rodrigues, J., Catão, A.M.L., Marques, C.S., Fernandes, ÉK.K.,
Luz, C., 2015. Efficacy of Tolypocladium cylindrosporum against Aedes aegypti eggs,
larvae and adults. J. Appl. Microbiol. 119, 1412–1419. https://doi.org/10.1111/jam.
12945.

Santos, A.H., Tai, M.H.H., Rocha, L.F.N., Silva, H.H.G., Luz, C., 2009. Dependence of
Metarhizium anisopliae on high humidity for ovicidal activity on Aedes aegypti. Biol.
Control 50, 37–42. https://doi.org/10.1016/j.biocontrol.2009.01.018.

Scholte, E.-J., Knols, B.G.J., Samson, R.A., Takken, W., 2004. Entomopathogenic fungi for
mosquito control: A review. J. Insect Sci. 4, 1–19. https://doi.org/10.1093/jis/4.
1.19.

Scholte, E.-J., Knols, B.G.J., Takken, W., 2006. Infection of the malaria mosquito
Anopheles gambiae with the entomopathogenic fungus Metarhizium anisopliae reduces
blood feeding and fecundity. J. Invertebr. Pathol. 91, 43–49. https://doi.org/10.
1016/j.jip.2005.10.006.

Silva, R.O., Silva, H.H.G., Luz, C., 2004. Effect of Metarhizium anisopliae isolated from soil
samples of the Central Brazilian cerrado against Aedes aegypti larvae under laboratory
conditions. Rev. Patol. Trop. 33, 207–213.

Silva, L.E.I., Paula, A.R., Ribeiro, A., Butt, T.M., Silva, C.P., Samuels, R.I., 2018. A new
method of deploying entomopathogenic fungi to control adult Aedes aegypti mos-
quitoes. J. Appl. Entomol. 142, 59–66. https://doi.org/10.1111/jen.12402.

Snetselaar, J., Andriessen, R., Suer, R.A., Osinga, A.J., Knols, B.G.J., Farenhorst, M., 2014.
Development and evaluation of a novel contamination device that targets multiple
life-stages of Aedes aegypti. Parasit. Vectors 7, 200. https://doi.org/10.1186/1756-

J. Rodrigues, et al. Acta Tropica 193 (2019) 192–198

197

https://doi.org/10.1093/jee/97.2.273
https://doi.org/10.1093/jee/97.2.273
https://doi.org/10.1111/j.1365-2915.2008.00792.x
https://doi.org/10.1007/s00436-016-5267-z
https://doi.org/10.1016/j.biocontrol.2006.12.001
https://doi.org/10.1016/j.jip.2016.06.007
https://doi.org/10.2202/1556-3758.1240
https://doi.org/10.2202/1556-3758.1240
https://doi.org/10.1126/science.1108423
https://doi.org/10.1007/978-94-011-4926-6
https://doi.org/10.1007/978-94-011-4926-6
https://doi.org/10.1186/1756-3305-7-198
https://doi.org/10.1080/09583150500336010
https://doi.org/10.1080/09583150500336010
https://doi.org/10.1016/j.jip.2014.12.013
https://doi.org/10.1016/j.jip.2014.12.013
https://doi.org/10.1111/jam.13309
https://doi.org/10.1111/jam.13309
https://doi.org/10.1371/journal.pntd.0006227
https://doi.org/10.1371/journal.pntd.0006227
https://doi.org/10.1371/journal.pntd.0002013
https://doi.org/10.1111/jam.13254
https://doi.org/10.1186/s12936-014-0526-x
https://doi.org/10.1186/s12936-014-0526-x
https://doi.org/10.1111/1365-2664.12522
https://doi.org/10.1016/j.parint.2013.07.013
https://doi.org/10.1006/bcon.1995.1069
https://doi.org/10.1016/S0022-474X(97)00039-8
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0105
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0105
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0105
https://doi.org/10.1007/s00436-010-1991-y
https://doi.org/10.1590/S0037-86822009000600005
https://doi.org/10.1590/S0037-86822009000600005
https://doi.org/10.1080/09583157.2015.1123220
https://doi.org/10.1007/s11046-005-0210-3
https://doi.org/10.1007/s11046-005-0210-3
https://doi.org/10.1006/jipa.1998.4774
https://doi.org/10.1006/jipa.1998.4774
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0135
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0135
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0135
https://doi.org/10.1093/jmedent/44.5.799
https://doi.org/10.1093/jmedent/44.5.799
https://doi.org/10.1016/j.actatropica.2011.11.014
https://doi.org/10.1007/s00436-015-4729-z
https://doi.org/10.1007/s00436-015-4729-z
https://doi.org/10.1016/j.jip.2018.01.001
https://doi.org/10.1016/j.jip.2018.01.001
https://doi.org/10.1186/1475-2875-8-309
https://doi.org/10.1186/1475-2875-8-309
https://doi.org/10.1186/1756-3305-3-80
https://doi.org/10.1007/s00436-010-2064-y
https://doi.org/10.1111/j.1744-7348.1993.tb04061.x
https://doi.org/10.1111/j.1744-7348.1993.tb04061.x
https://doi.org/10.1016/S0953-7562(96)80097-9
https://doi.org/10.1371/journal.pntd.0005625
https://doi.org/10.1080/09583150802509199
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0195
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0195
https://doi.org/10.1089/vbz.2006.0630
https://doi.org/10.1089/vbz.2006.0630
https://doi.org/10.1016/j.trstmh.2011.04.012
https://doi.org/10.1002/jobm.201100482
https://doi.org/10.1002/jobm.201100482
https://doi.org/10.1111/jam.12945
https://doi.org/10.1111/jam.12945
https://doi.org/10.1016/j.biocontrol.2009.01.018
https://doi.org/10.1093/jis/4.1.19
https://doi.org/10.1093/jis/4.1.19
https://doi.org/10.1016/j.jip.2005.10.006
https://doi.org/10.1016/j.jip.2005.10.006
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0235
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0235
http://refhub.elsevier.com/S0001-706X(19)30210-4/sbref0235
https://doi.org/10.1111/jen.12402
https://doi.org/10.1186/1756-3305-7-200


3305-7-200.
Thomas, M.B., 2018. Biological control of human disease vectors: a perspective on

challenges and opportunities. BioControl 63, 61–69. https://doi.org/10.1007/
s10526-017-9815-y.

Throne, J.E., Weaker, D.K., Chew, V., Baker, J.E., 1995. Probit analysis of correlated data:
multiple observations over time at one concentration. J. Econ. Entomol. 88,
1510–1512. https://doi.org/10.1093/jee/88.5.1510.

Weaver, S., Scott, C., Charlier, C., Vasilakis, N., Lecuit, M., 2018. Zika, chikungunya, and
other emerging vector-borne viral diseases. Annu. Rev. Med. 69, 6.1–6.14. https://
doi.org/10.1146/annurev-med-050715-105122.

Wong, J., Stoddard, S.T., Astete, H., Morrison, A.C., Scott, T.W., 2011. Oviposition site
selection by the Dengue vector Aedes aegypti and its implications for Dengue control.
PLOS Neglect. Trop. Dis. 5, e1015. https://doi.org/10.1371/journal.pntd.0001015.

J. Rodrigues, et al. Acta Tropica 193 (2019) 192–198

198

https://doi.org/10.1186/1756-3305-7-200
https://doi.org/10.1007/s10526-017-9815-y
https://doi.org/10.1007/s10526-017-9815-y
https://doi.org/10.1093/jee/88.5.1510
https://doi.org/10.1146/annurev-med-050715-105122
https://doi.org/10.1146/annurev-med-050715-105122
https://doi.org/10.1371/journal.pntd.0001015

	Activity of additives and their effect in formulations of Metarhizium anisopliae s.l. IP 46 against Aedes aegypti adults and on post mortem conidiogenesis
	Introduction
	Materials and methods
	Origin, rearing and preparation of mosquitoes
	Origin and preparation of the fungus
	Additives and their application
	Evaluation of adulticidal activity
	Quantification of conidia on mycotized adults
	Analysis of data

	Results
	Adulticidal activity of IP 46 and development on dead adults
	Activity of additives and formulations
	Evaluation of different exposure times of Aedes aegypti

	Discussion
	Acknowledgements
	Funding
	Conflict of interest
	References




