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Abstract

Aedes aegypti is a culicide that has gained relevance over the years due to its ability to transmit various viruses that
cause diseases in humans that all the years cause high mortality rates in the world population. The main problem is that
Ae. aegypti has managed to establish and maintain a close relationship with humans and their habitat, which is why
the search for alternatives to control vector populations becomes imperative. The objective of the present work was to
study the effects of two Beauveria bassiana strains on Aedes aegypti. Third instar larvae of Ae. aegypti in 250 mL plastic
containers were inoculated with the GHA and NB3 strains at different concentrations (1.5 x 104, 1.5x 10°, 1.5 x 10° and
1.5 x 107 conidia/mL). The NB3 strain presented highest mortality values with 63% in the highest concentration i.e.,
1.5 x 107, while for the GHA strain the highest mortality value was 30.7% at the same concentration. The results showed
significant difference in mortality with respect to the strain and days post treatment (P=0.0001), but not with respect
to the conidial concentration (P=0.634). The average mortality of larvae per day for the NB3 for different concentrations
ranged from 20 to 25 larvae per day, while for the GHA daily mortality ranged from 5 to 12 larvae. In post-treatment
mortality, the highest mortality was recorded in the third stage larvae for the NB3, while for GHA the highest percentage
mortality was observed in individuals who managed to reach the adult state. The findings of the current research
depicted the noteworthy role of B. bassiana for the management of an important vector of human disease.
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Resumo

0 Aedes aegypti é um culicida que vem ganhando relevancia ao longo dos anos devido a sua capacidade de transmitir
diversos virus causadores de doengas em humanos que ao longo dos anos ocasionam altas taxas de mortalidade
na populagdo mundial. O principal problema é que Ae. aegypti tem conseguido estabelecer e manter uma relagdo
préxima com o homem e seu habitat, por isso a busca por alternativas para o controle das populacdes de vetores
torna-se imperativa. O objetivo do presente trabalho foi estudar os efeitos de duas cepas de Beauveria bassiana sobre
Ae. aegypti. Larvas de terceiro instar de Ae. aegypti em recipientes plasticos de 250 mL foram inoculados com as cepas
GHA e NB3 em diferentes concentragdes (1.5 x 104, 1.5 x 10°, 1.5 x 10° e 1.5 x 107 conidios/mL). A cepa NB3 apresentou
os maiores valores de mortalidade com 63% na concentragdo mais alta, ou seja, 1.5 x 107, enquanto para a cepa GHA
o maior valor de mortalidade foi 30.7% na mesma concentragao. Os resultados mostraram diferenca significativa na
mortalidade com relagdo a cepa e dias pds-tratamento (P=0.0001), mas ndo com relacdo a concentrag¢ao de conidios
(P=0.634). Amortalidade média de larvas por dia para o NB3 para diferentes concentracdes variou de 20 a 25 larvas
por dia, enquanto para o GHA a mortalidade diaria variou de 5 a 12 larvas. Na mortalidade pds-tratamento, a maior
mortalidade foi registrada nas larvas de terceiro estagio para o NB3, enquanto para o GHA o maior percentual de
mortalidade foi observado em individuos que conseguiram atingir o estado adulto. Os resultados da pesquisa atual
retratam o papel notavel de B. bassiana no manejo de um importante vetor de doenc¢as humanas.

Palavras-chave: Ae. aegypti, B. bassiana, conidios, mortalidade, gestdo, pds-tratamento.

1. Introduction

The increasing incidence and geographical distribution ~ problems in Americas, and in general in the entire world.
of arbovirosis constitutes one of the main public health  Inaddition to the reappearance of dengue virus and yellow
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fever virus, new pathogenic arboviruses formerly confined
to specific regions of the world, such as the chikungunya
and Zika viruses, have recently caused various pandemics
with significant morbidity. Mosquitoes are considered the
most important vectors of human diseases, specifically
Aedes aegypti Linneo, 1762 (Diptera: Culicidae) is a culicid
capable of transmitting dengue, chikungunya, Zika and
mayaro fever, and of these pathologies the one with the
highest incidence is dengue.

Arecent report estimates that 390 million cases occur
each year worldwide, of which 96 million have clinical
manifestations. Another study estimates that 3.9 billion
people from 128 countries are at risk of dengue virus
infection. Only in the year 2019 in America the total number
of dengue cases was 2,981,769 according to reports from
the Pan American Health Organization (Espinal et al., 2019;
Evans et al., 2018; PAHO, 2020). For this, part of the solution
to this problem lies in implementing strategies to prevent
and control the spread of the vector of these arboviruses,
however, there are factors that can create hurdles, including
social determinants, climate change, demographic aspects,
deficiencies in the epidemiological surveillance system
at the laboratory level, as well as the same surveillance
and control of the spread of the mosquito (México, 2014).

The control of Ae. aegypti continues to be with the
only effective measure to reduce the emergence and
transmission of these diseases. Historically the control of the
mosquito has been carried out through the use of synthetic
larvicides or adulticides, due to its low cost. The excessive
use has propitiated the acquisition of resistance gradually
in mosquitoes, in addition to residuality in the environment
(Pérez, 2017). The problem caused by the insect’s activities is
enormous and requires comprehensive strategies to control
it. These types of strategies propose considering different
methods to achieve successful mosquito management,
such as environmental sanitation, chemical and biological
control, and the introduction of genetic engineering
methods. Biological control agents are considered suitable
alternatives to the use of insecticides because the biocontrol
agents are host specific and safe for the environment and
humans. Although biological control is not immediate, it is
more feasible and sustainable in the long term compared
to the chemical control (McClintock et al., 2000). For the
biological control of mosquitoes, the use of fish, nematodes,
planarians, beetles, anurans, bacteria and fungi have been
reported (Rawal, 2019).

Entomopathogenic fungi are potential agents for pest
control due to their host specificity, wide host range,
mode of action, and ease of production and application
(Dhaliwal and Koul, 2011). In the specific case of
Beauveria bassiana, which is considered a cosmopolitan
fungus, its natural occurrence on mosquitoes is not
very common and has been reported on rare occasions.
However, since the late sixties the importance of this
fungus for the control of Ae. aegypti was recognized
(Clark et al., 1968). Recent studies have shown the
potential of entomopathogenic fungi for the control
of vector mosquitoes (Garcia-Munguia et al., 2011;
Bitencourt et al., 2018; Carolino et al., 2019). In the case of
fungi, as in that of other pest control agents effectiveness is
measured by its virulence and in other cases by its lethality,
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however, the efficiency of a control agent on its target
could be subject to many more conditions, since it is known
that not all insects treated with a fungal agent necessarily
they will die immediately after application (Gandarilla-
Pacheco et al., 2015). This phenomenon has been called
sublethal effects or late effects at different stages of the
mosquito life cycle which gives them a selective advantage
over other agents similar to them (Mnyone et al., 2011;
Pelizza et al., 2013; Portilla et al., 2017). These effects
are considered relevant because in insects such as Ae.
aegypti, which is holometabolo, this type of study helps
to elucidate which stage of the insect’s life cycle would be
the most suitable for the application of the fungal agent.
Therefore, the objective of this study was to determine
the pathogenicity of two strains of B. bassiana on larvae
of Ae. aegypti, as well as establishing the effect on its
life cycle.

2. Material and Methods

2.1. Aedes aegypti

Ae. aegypti eggs were obtained from the insect breeding
area of the Biotechnology Institute - UANL. To obtain larvae,
papers ballots impregnated with eggs were placed in a
plastic container with 4 liters of water and 0.5 g of fish
food. The containers were incubated for 48 hours at 30°C
to stimulate hatching.

2.2. Microorganisms

Fungal isolates were obtained from a collection at
the L-6 laboratory of the Biotechnology Institute (strains
NB3 y GHA) and each strain was cultured on Sabouraud
dextrose agar media and incubated for 14 days at25+2 °C.

2.3. Preparation of suspensions for bioassays

After the incubation time, 10 mL of Tween 80 solution
at 0.1% (v/v) was added, and the surface of each plate
was scraped with a spreader to obtain a concentrated
suspension of conidia. A Neubauer chamber was used
to determine the concentration of the suspensions, and
each suspension was adjusted to different concentrations
(1.5 x 104 1.5 x 10°, 1.5 x 10 and 1.5 x 107 conidia/mL).

2.4. Evaluation of conidia viability

The conidial viability at the time of treatment by 1-ml
aliquots of conidia suspension onto potato dextrose agar in
Petri dishes (10-cm diameter) and incubating for 18 hours
at 25°C. Spore germination was halted by placing three
drops of lactophenol cotton blue and adding a coverslip
over a stain droplet on a microscope slide. The percentage
of viable conidia was determined by examining 100 conidia
in each of three fields of view at 400X magnification with
the aid of a compound microscope and determining the
number of conidia that had a distinct germ tube as defined
by germ tube length twice the diameter of the conidia
(Goettel and Inglis, 1997). The conidial suspensions were
used immediately for bioassays.
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2.5. Bioassays

Third-instar larvae of Ae. aegypti were used for
inoculation. Twenty-five larvae per replication were put
in sterile plastic 200-ml containers with 143 mL of sterile
double distilled water and 7 mL of conidial suspension for
each treatment. Two control treatments were included,
one with 0.1% Tween 80 solution (v/v) and one absolute
(not treated). Dead larvae were counted every 24 hours
for 10 consecutive days. The dead larvae were put into a
humidity chamber to stimulate mycosis (25 + 2 °C; 85% R.H.).

2.6. Biological cycle of surviving post treatment larvae

From day 11, the larvae that survived the bioassay were
observed daily for any morphological changes in their life
cycle, larval, pupal or adult status. With these data, the
percent survival, mortality and changes in stages after
treatment were determined.

2.7. Statistical analysis

The experiments were performed in randomized design.
The data were analyzed using analysis of variance and
comparisons of means (Tukey’s test) at a 5.0% probability
level with the SPSS® (version 19, IBM®, New York).
The Kolmogorov-Smirnov test was used to verify normality
of data. Arcsine transformed mortality and survival rates
were expressed as a percentage with confidence interval
of 95%.The experiment was repeated twice under the
same conditions.

3. Results and Discussion

3.1. Mortality

The mortality recorded for the GHA and NB3 strains
at the different concentrations on the larval stages of
Ae. aegypti at ten days of incubation are summarized in
Figure 1. The NB3 strain presented the highest mortality
values with 63% in the concentration 1.5 x 107 conidia/mL,
while for the GHA strain the highest mortality value was
30.7% at the same concentration. The data a significant
difference in mortality with respect to the strain and
the day (P = 0.0001), but not with regard to the conidial
concentration (P=0.539). The average mortality of larvae
per day for the NB3 strain between different concentrations
ranged from 20 to 25 dead larvae per day, while for the
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Figure 1. Mortality of 3" instar Aedes aegypti larvae by conidia of
Beauveria bassiana under laboratory conditions [25+2°C; 12:12h
(light: darkness)] at ten days of incubation.
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GHA strain the average daily mortality ranged from 5 to
12 larvae. Control treatments did not show mortality.

In the case of entomopathogenic fungi, there are various
and varied methodologies that have been tested for the
control of mosquitoes (Tejeda-Reyes et al., 2018). In this
study, two strains of B. bassiana (NB3 and GHA) were
tested by immersion for the control of third-instar larvae
of Ae. aegypti. The results obtained showed that NB3 strain
was more potent to cause mortality during the ten days
than the GHA strain. These results partially coincide with
those reported in another study where a Peruvian strain
of B. bassiana generated a mortality pattern consistent
with concentrations of the order of 106 - 107 conidia / mL,
however, in the aforementioned study, mortality depended
on the amount of spores infecting the larva not from
time (Alcalde-Mosqueira et al., 2014), while in this study
mortality did not depend on the conidia concentration,
but on time. In the case of Ae. aegypti the normal life cycle
is reported to last between 10 to 14 days from hatching of
the egg until the incidence of adult emergence, coinciding
with the time of the infective cycle of entomopathogenic
fungi such as B. bassiana. In this scenario, a fungus capable
of infecting in the shortest possible time would be more
important to achieve success. For example, it has been
observed that certain species of susceptible insects are
prone to infection soon after molting, if the infection
occurs shortly before molting, the mycelium may lost
within the molt and be ineffective in causing infection
(Scholte et al., 2004). It is therefore crucial to select larvae
that have just molted to avoid this situation. However, it
should also be considered that between isolates or strains of
the same fungus there could be significant variations in their
ability to cause mortality due to a natural variation in their
virulence (Valero-Jimenez et al., 2014; Coates et al., 2002).
In similar studies, B. bassiana tested on second instar
larvae of Ae. aegypti at different concentrations (104-108
conidia / mL) showed the mortality ranging from 12-60%
(Misra et al., 2015), while in another study, second instar
larvae of Ae. aegypti after infection with suspension
of 1 x 107 conidia /| mL showed a mortality of 42.56%
(Bitencourt et al., 2018). After a 24-hour incubation period,
the recovered dead larvae showed a reddish coloration,
and after 48 hours of incubation the growth of the fungus
was seen on the external surface of insect. The presence
of this coloration indicates the involvement of secondary
metabolites or toxins that participated in concomitance to
cause the death of the insect, specifically oosporein, which
has antibiotic properties giving the characteristic coloration
to the body. The main function of this compound is to
prevent the growth of bacteria, allowing the development
of the entomopathogen. Furthermore, these compounds
have the characteristic of evading the insect’s immune
system (Berlanga-Padilla et al., 2016).

3.2. Biological cycle of surviving post treatment larvae

Regarding post-treatment survival, at the lowest
concentration the highest percentage of survival was
recorded for both strains, while the lowest survival
rate was recorded for GHA at the concentration of 107
(Table 1). In post-treatment mortality, the highest rate of
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mortality was recorded in the third instar larvae for NB3
(Table 2), while for GHA the highest percent mortality
was observed in the larvae who managed to reach the
adult stage (Table 3), while there was no significant
difference in post-treatment mortality with respect to
the strain (P= 0.266) and concentration (P= 0.538) of
conidia used. On the other hand, a significant difference
(P=0.028) after treatment according to the larval stage
of Ae. aegypti was recorded (Figure 2). Average daily
mortality was slightly higher for the GHA compared to the
NB3 (Table 4). In contrast to the NB3, for the GHA there
were no survivors for the lower concentrations (104-10°
conidia / mL) which may be due to the fact that for this
particular strain the time of exposure to the treatment is
more important than the concentration, which agrees with
the statistical analysis corresponding to the dead larvae
per day, where a higher mortality rate was observed on
the sixth day post treatment. For this strain the highest
mortality rate was recorded in the fourth stage, however,
in the highest concentration it was observed that number
of individuals managed to reach the adult state and survive
up to 16 days. Regarding the mortality of the surviving
individuals after treatment, the highest percentages
were recorded in the third stage larvae treated with the

NB3. This finding is important since it indicates that the
fungus was able to stop the development of the insect
and died without changing its stage. In the normal cycle
of Ae. aegypti, the change of instar from third to fourth
normally takes one day, whereas for NB3, the larvae
that managed to survive took 18-29 days to reach instar
fourth, since the most died in the third instar due to the
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Figure 2. Mortality of Aedes aegyptilarvae by conidia of Beauveria
bassiana (NB3 and GHA strain) in different development phase
under laboratory conditions [25 + 2 ° C; 12:12 h (light: darkness).
Treatments with different letters are significantly different (p<0.05).

Table 1. Survival of larvae (95% CI) of Aedes aegypti treated with strains of Beauveria bassiana under laboratory conditions [25 £ 2 ° C;

12:12 h (light: darkness)].

Concentrations NB3 GHA
1.50 x 10* 30.65(30.533- 30.767) 31.94(31.891-31.989)
1.50 x 10° 27.27(27.176-27.364) 30(29.102-30.898)
1.50 x 10¢ 26.56(26.467-26.653) 27.97(27.091-28.849)
1.50 x 107 27.97(27.875-28.065) 23.57(22.739-24.401)
*Meanz SE 28.11+0.89 28.37+1.79

*Average and standard error is reported in percentage (%).

Table 2. Mortality by instar (95% CI) of Aedes aegypti by effect strain NB3 under laboratory conditions [25 +2 ° C; 12:12 h (light: darkness)].

Concentrations L3 L4 Pupae Adult
1.50 x 104 62.02(61.069-62.971) 26.56(25.695- 27.425) 0 5.73(5.275-6.185)
1.50 x 10° 78.46(77.655-79.265) 0 0 0
1.50 x 10¢ 68.86 (67.953-69.767) 9.97 (9.383-10.557) 0 0
1.50 x 107 58.69 (57.725-59.655) 17.45 (16.707- 18.193) 0 23.57(22.739-24.401)
*Meant SE 67.00 +4.36 13.49 £5.63 0 7.32+£5.58

*Average and standard error is reported in percentage (%). L3 = 3rd instar larva; L4 = 4th instar larva.

Table 3. Mortality by instar (95% CI) of Aedes aegypti by effect strain GHA under laboratory conditions [25 +2 ° C; 12:12 h (light: darkness)].

Concentrations L3 L4 Pupae Adult
1.50 x 104 - - - -
1.50 x 10° - - - -
1.50 x 108 3.62(3.254-4.280) 49.02 (48.041-49.999) 0 37.46(36.512-38.408)
1.50 x 107 17.45(16.707-18.193) 25.84 (24.983-26.697) 5.73(5.275-6.185) 56.16(55.188-57.132)
*Meanz SE 5.26x4.14 18.71+ 11.79 143+ 143 23.40+ 14.04

*Average and standard error is reported in percentage (%). L3 = 3rd instar larva; L4 = 4th instar larva.
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Table 4. Daily percentages of Aedes aegypti larval mortality by
strains of Beauveria bassiana under laboratory conditions [25+2°C;
12:12 h (light: darkness)].

Day Strain
NB3 GHA
1 1252 0.00*
2 2.507 525®
3 1.50° 325
4 6.50° 2752
5 33.25° 13.75®
6 35.75° 17.75°
7 35.25° 11.50
8 33.00° 6.75®
9 35.00° 6.00
10 44.75" 11.00
*Mean * SE 8.84 £1.90 9.94 +2.77

Treatments with different letter are statistically different (Tukey
p <0.05). *Average and standard error is reported in percentage (%).

Larvae
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fungus. Regarding the larvae that managed to reach fourth
instar, took 5-36 days and once they were able to reach
the pupa, the change to the adult stage was considerably
fast (only 1-3 days), almost similar to the normal cycle of
Ae. aegypti, with the only difference that the individuals
that reached the adult stage only managed to survive
for 1-3 days (Figure 3). The symptoms observed in the
surviving stages are consistent with previous reports
including behavioral changes, specifically reduced
mobility and late response to light exposure. In the same
way, other secondary effects are mentioned as a result of
exposure to the suspensions, mechanical damage is found
as a consequence of the ingestion of conidia and their
establishment in the digestive system (Pereira et al., 2009).
Entomopathogenic fungi can be used in a more efficient
way if the impacts on the life cycle of the mosquito are
known, and it is considered that the analysis of the life
cycle of the insect can help to determine the best time
and the stage on which the entomopathogens should be
applied (Shoukat et al., 2020).

In the case of GHA, the time from hatching to third
instar of the cycle lasted for 4 days, a shorter period of
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Figure 3. Biological cycle of Ae. aegypti, phase to phase time contrast in the survivors of the tested strains and the daily cycle according
to the literature under laboratory conditions [25 + 2 ° C; 12:12 h (light: darkness)].
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time in contrast to the larvae for the test with the NB3
strain, once the bioassay was completed, the survivors
remained alive for 14 days. In the review of metamorphosis,
the development towards fourth instar was recorded
between 1-17 days, the residence time at that stage and
its change to pupa occurred between 1-10 days; from
pupa to adult between 1-16 days. The post-test cycle
time was shorter in contrast to surviving larvae of the
NB3 strain; however, the lifetime of the last stage, the
adult, was longer for the GHA strain with 1 to 16 days
alive (Figure 3). This prolongation in the life cycle of the
mosquito may be due to the process followed by the
fungus once it penetrates the cuticle of the insect, affecting
the fat reserves, which causes the depletion of energy
resources and directly influences the change of stage,
which it is reflected as a prolonged duration of larvae
and pupae (Hussain et al., 2009). These effects have been
mainly documented in Lepidoptera such as Heliothis zea,
Lymantria dispar, Ocinaria varians, Spodoptera exigua and
Helicoverpa zea (Mitchell and Cali, 1994; Henn and Solter,
2000; Hussain et al., 2009; Gandarilla-Pacheco et al., 2015),
although studies have also been reported in Diptera such
as Musca domestica, Culex pipiens and Anastrepha ludens
(Lecuona et al., 2005; Gandarilla-Pacheco et al., 2018;
Shoukat et al., 2018). In the particular case of B. bassiana,
the hyphae absorb the sugar content of the insect’s
hemolymph, which contributes to host weakness and
disrupts various biological parameters. In a study, the
composition of the Bombyx mori hemolymph was detailed,
in addition to comparing it with that of Galleria mellonella
and Gilpinia hercyniae, the results showed the presence of
amino acids, sugars and phosphorus (Wyatt et al., 1956).
In a more recent study, hemolymph of fourth and fifth
instar nymphs of D. citri was analyzed. The results obtained
showed that nymphs reared in sweet orange seedlings
previously infected with Candidatus Liberibacter asiaticus
resulted in higher levels of various metabolites, mainly
those of the tricarboxylic acids cycle, C16 and C18 fatty acid
cycle, glucose, sucrose, L-proline, L-serine, pyroglutamic
acid, saccharic acid, threonic acid and myo-inositol
compared to nymphs raised in healthy plants. In contrast,
nymphs directly infected with the bacteria were lower in
putrescine, glycine, L-phenylalanine, L-tyrosine, L-valine,
and chiro-inositol (Killiny and Jones, 2018). These findings
demonstrate that the balance in hemolymph composition
in insects of different orders can be easily altered by
the interaction with pathogens and | or the stage of
development in which the host is. Trehalose is considered
the sugar for excellence in the hemolymph of insects,
but in the case of D. citri, G. mellonella, B. mori and G.
hercyniae, the glucose is considered to be dominant sugar
in hemolymph. Trehalose is a glucose dimer that is formed
in the intestines of insects to reduce osmotic pressure and
is the first source of carbohydrate energy used for flight
(Reyes de la Torre et al., 2012). When trehalose levels in
hemolymph reach optimal levels, the excess is derived
to the fatty body for storage as triglycerides (Arrese and
Soulages, 2010). In this study, adults survivors treated
with the NB3 strain only survived a maximum of 3 days,
while those treated with the GHA strain survive up to 16
days. In a recent study, the effect on the biological cycle of
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Aedes albopictus of filial and first filial generations treated
with lethal and sublethal concentrations of B. bassiana
observed prolonged duration of the larva and the pupa
followed by a reduction in the longevity of the male and
female adults (Shoukat et al., 2020). The results of this
study show the importance of the late effects caused
by the application of strains of B. bassiana on larvae of
Ae. aegypti. These effects on insects such as Ae. aegypti
are considered particularly important because, if the
fungus is not capable of killing or eliminating the larvae
of Ae. aegypti in its entirety, but if it manages to prevent
them from changing stage and truncates their biological
cycle, this is important because the insect will not reach
the adult stage, which is infective in the case of females
due to its feeding activities, and in the case of males, by
preventing them from reaching the adult stage, it can
help reduce fertilization.
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