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ABSTRACT

This study aimed to evaluate the effect of commercially used entomopathogens on Africanized Apis
mellifera L. (Hymenoptera: Apidae). Four bioassays were performed: 1) pulverized entomopathogens
on A. mellifera; 2) entomopathogens sprayed on a smooth surface; 3) entomopathogens sprayed on
soy leaves; and 4) entomopathogens mixed with candy paste (sugar syrup). Five treatments were
prepared: sterile distilled water (control), distilled water sterilized with Tween” 80 (0.01%), and the com-
mercial entomopathogens Metarhizium anisopliae E9 (1.0 x 10° conidiamL~'), Beauveria bassiana PLG3
(1.0 x 108 conidia mL~') and Bacillus thuringiensis var. kurstaki HD-1 (3.0 x 108 spores mL~1). Each treat-
ment consisted of five repetitions, with 20 workers per repetition, which were stored in a plastic box and,
later, in a biological oxygen demand (B.0.D.) incubator (27 + 2 °C, RH of 60% + 10%, 12-h photophase). The
mortality of the workers was evaluated from 1h to 240h, and the data were analyzed using Bayesian
inference. The workers killed by the ingestion of candy paste contaminated with the pathogens (prod-
ucts) were randomly separated and selected for the removal of the midgut. Each midgut was fixed in
Bouin’s solution and prepared for histology. B. bassiana was verified to reduce the survival of A. mellifera
workers in all bioassays. Moreover, M. anisopliae reduced the survival of A. mellifera workers directly
sprayed, on a smooth surface and mixed with candy. B. thuringiensis reduced A. mellifera survival on a
smooth surface and mixed with candy paste. However, its effects were lower than that observed by B.
bassiana. The treatments with the biological products did not induce morphometric alterations in the
midgut of A. mellifera.
© 2017 Sociedade Brasileira de Entomologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

(SEBRAE, 2014). One of the factors of this success is the correct man-
agement of the colonies and the specialization of the labor force,

Apis mellifera L. (Hymenoptera: Apidae), the honey bee, is a
pollinating bee found in the most varied environments, and has
outstanding importance in the cross-pollination of several plant
species (Imperatriz-Fonseca et al., 2012). Aside from its impor-
tant role in pollination, A. mellifera produces honey, propolis, wax,
pollen, royal jelly and apitoxin, all products of interest to humans.
The commercialization of these products helps in providing income
to many producers and beekeepers (Wolff et al., 2008).

Beekeeping is a prominent occupation in the Brazilian econ-
omy, witharound 350,000 beekeepers, most of them family farmers
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which remains incipient.

Despite the care taken in the apiary at the moment of forag-
ing, worker bees may come into contact with plant products that
are toxic to them, to the colony, or are contaminants for honey
(Codling et al., 2016). They can also be contaminated by products
used to control the mite Varroa destructor Anderson and Trueman
(Acari: Mesostigmata) (Medici et al., 2012) or the wax moth Galleria
mellonella L. (Lepidoptera: Pyralidae) (James, 2011; Ferreira et al.,
2017). In addition, chemicals used in disease and insect control (Lu
et al.,, 2012) and beekeeping pest control may contribute to colony
collapse disorder (CCD) (Rucker and Thurman, 2012).

In this sense, studies have also been carried out to evaluate
the safety of biological insecticides on A. mellifera, especially on
indirect action on the health and development of the colony. The
main biological insecticides tested are the entomopathogenic fungi
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Beauveria bassiana (Alves, 1998; Shaw et al., 2002; Al Mazra'awi,
2007; Meikle et al., 2009; Hamiduzzaman et al., 2012; James et al.,
2012; Abdelaal and Hany, 2013) and Metarhizium anisopliae (Alves
etal., 1996; Shaw et al., 2002; Kanga et al., 2002, 2003, 2006, 2010;
Hamiduzzaman et al., 2012; Abdelaal and Hany, 2013) and the
entomopathogenic bacterium Bacillus thuringiensis (Alves, 1998;
Brighenti et al.,2007; Alquisira-Ramirez et al.,2014; Lez et al.,2014;
D’Urso et al., 2017). While several tests have been conducted, few
have reported the effects of these entomopathogens on Africanized
A. mellifera, which is the species used in Brazilian beekeeping.

While these entomopathogens, of natural origin or applied in the
environment, are considered safe, studies are necessary to evalu-
ate the different methods in which these entomopathogens may
come into contact with Africanized A. mellifera and interfere with
their biology. In addition, different isolates must be tested, since
the market for organic products is not static, and new isolates are
constantly found, tested and made available. The aim of this study
was to evaluate the effect of the entomopathogens B. bassiana, M.
anisopliae and B. thuringiensis on Africanized A. mellifera in different
contact methods.

Material and methods

The Africanized A. mellifera workers were obtained from brood
frames from Langstroth hives for capped brood, from the Exper-
imental Apiary of the Unidade de Ensino e Pesquisa - Apicultura
(UNEPE) at UTFPR-DV. The brood frames were allocated to hives
selected based on the quality and quantity of the queen’s oviposi-
tion and were provided a daily artificial diet (17.5 g of soy protein
isolate, 4.0 g of flax 0il, 4.0 g of palm oil, 17.5 g of yeast extract,40.9 g
of sugar, 10.0 gof honey, 5.0 g of pollen, 1.0 g of soy lecithinand 0.1 g
of vitamin nucleus) until oviposition began. When the presence of
1-day-old eggs was observed, feeding occurred three times a week
and counting continued until the 21st day (usually the time when
the workers emerge) (Couto and Couto, 2002). On the 19th day,
the brood frames were removed from the apiary, packed in Kraft
paper bags (60 cm x 70 cm, 50 mm thick), sealed, drilled and trans-
ported to the Biological Control Laboratory II. The brood frames
were placed in a B.0.D. incubator (3042 °C,RH of 70+ 10% and 12-
h photophase) to simulate the environment of the origin hive, until
its emergence, thus providing workers of standardized age. After
48 h, the bees were collected (age zero) with the aid of a tube using
the suction method. To feed the bees, pure candy paste was pre-
pared by mixing 50 g of icing sugar with 10 mL of pure honey, until
a homogeneous mass was formed.

The entomopathogens (treatments) used were M. anisopliae E9
(1.0 x 10° conidiamL~1), B. bassiana PL63 (1.0 x 108 conidiamL~1!)
and B. thuringiensis var. kurstaki HD-1 (3.0 x 108 sporesmL™1),
which were obtained from commercial products and used at con-
centrations recommended by manufacturers for target pest insects.

Four bioassays were used, employing direct spray techniques,
contact with treated surfaces (soy leaves and plastic boxes) and
the supply of a contaminated diet. As a control, sterilized distilled
water was used in the bioassays of direct spray techniques and
contact with treated surfaces. In the bioassays that incorporated
entomopathogens with candy paste, pure candy paste was used as
a control.

Entomopathogens sprayed on A. mellifera

Each group, containing A. mellifera workers previously anes-
thetized with carbon dioxide (CO,) (1205s), was sprayed with 1mL
of the treatment using a PneumaticSagyma® airbrush coupled with
a Fanem” constant pressure pump (1.2 kgfcm?2). The same pro-
cedure was performed for all treatments/repetitions. The bees

sprayed with the treatments were transferred into plastic boxes
(11 x 11 x 3.5cm, L x W x H) sealed with voile fabric, on which a
piece of cotton wool soaked in distilled water and candy paste was
laid.

All bioassays in this study were maintained in a B.O.D. incubator
(27 £2°C, RH of 60+ 10%). The mortality of the workers was eval-
uated from 1 h to 240 h after the beginning of their exposure to the
treatments to estimate the survival period (methodology adapted
from Baptista et al.,2009). The experimental design was completely
randomized with four treatments and five repetitions with 20 bees
each. Each bee was considered an experimental unit.

The dead workers, verified in the treatments with the use of
the entomopathogenic fungi, in all the bioassays, were placed in a
humidity chamber to confirm mortality by fungus (Alves, 1998).

Entomopathogens on a smooth surface

One milliliter of the treatment was sprayed onto the base of
a sterilized plastic box using a Pneumatic Sagyma® airbrush cou-
pled witha Fanem” constant pressure pump (1.2 kgf/cm?2). The box
was subsequently arranged in a horizontal laminar flow chamber
for the evaporation of water. The A. mellifera workers, previously
anesthetized, were housed inside each box, in groups of 10 individ-
uals, for the entire experimental period. These boxes were sealed
with voile fabric, on which cotton soaked in water and candy paste
was laid.

Entomopathogens on soy leaves

Soy leaves (Glycine max) were immersed for 5s in each treat-
ment, and then placed in a horizontal laminar flow chamber for
the evaporation of water. These leaves were subsequently arranged
in plastic boxes. The A. mellifera workers, previously anesthetized,
were housed inside each box in groups of 10 individuals. These
boxes were sealed with voile fabric, on which cotton soaked in
water and candy paste was laid.

Entomopathogens mixed with candy paste

Using the calculated dosage as a function of the weight:volume
ratio, the entomopathogens were incorporated into honey. Icing
sugar was then added to the honey to obtain a homogeneous diet.
The A. mellifera workers, previously anesthetized, were housed in
groups of 10 individuals, inside plastic boxes sealed with voile fab-
ric, on which cotton soaked in water and candy paste with the
entomopathogens was laid.

Histological analysis of the A. mellifera midgut

To perform histological analysis by repetition/treatment, the
midguts of five bees from the bioassay with candy paste incorpo-
rated with entomopathogens were used. The samples were fixed
in Bouin's fixative and stored in 70% alcohol. They were then dehy-
drated (alcohol), diaphonized (Xylol), paraffinized and embedded
in Histological Paraffin (Cruz-Landim, 2009).

The material embedded in paraffin was cut [2-7 wm] in a
manual rotating microtome and subsequently stained using hema-
toxylin/eosin (H/E). The cuts were observed in a TNB-40T-PL
Trinocular Opton Light Microscope, and the images were captured
with a digital camera (ScopePhoto 2.04).

A quantitative evaluation was performed, by measuring the
heights of the bees’ ventricular cells, and a qualitative evaluation
was performed by observing tissue alterations. Compared with the
samples from the control, they had no alterations in the midgut
tissues.
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Table 1

Lethal survival time (mean + SD a posteriori of the median parameter of the Weibull distribution (1)) of Africanized Apis mellifera workers in contact with entomopathogens.

Temperature 27 &2 °C, 12-h photophase and relative humidity of 60 & 10%.

Bioassay Treatment Survival (h)
Entomopathogens Control® 127.6 + 8.17b
sprayed on Apis Metarhizium anisopliae 104.7 + 5.97c
mellifera Beauveria bassiana 62.6 + 3.01d
Bacillus thuringiensis 167.2 + 7.60a
Entomopathogens on a Control? 197.8 + 4.80a
smooth surface Metarhizium anisopliae 128.0 + 5.80c
Beauveria bassiana 97.3 £ 1.10d
Bacillus thuringiensis 144.9 + 8.00b
Entomopathogens on Control? 1339 £ 6.91a
soy leaves Metarhizium anisopliae 1344 + 6.90a
Beauveria bassiana 89.1 + 3.18b
Bacillus thuringiensis 136.1 £ 8.03a
Entomopathogens Control? 169.8 + 7.56a
mixed with candy Metarhizium anisopliae 141.9 + 9.86b
paste Beauveria bassiana 117.3 + 7.88d
Bacillus thuringiensis 131.3 £ 7.97c

a Sterilized distilled water.

Different letters in the column indicate significant differences between treatment averages, using Bayesian contrasts at a 95% credibility level.

Statistical analyses

Survival analysis for the lifetime (days) of bees during the
bioassays was applied, using non-parametric (Kaplan-Meier) and
parametric adjustments (Weibull model (1), f(t), S(t) and ¢tp are,
respectively, the probability density function, survival function
and p-percentile tp =100p% of the distribution, where p=0.5 is the
median). Estimates of these parameters were obtained by Bayesian
inference.

v ¥
f(t)=ulytV*1 exp{—(é) }.S(t):exp{—(é) }andtp=a[710g(lfp)]1/y a

Its notation is T~W («, ¥), and « >0 and y >0 are the scale and
shape parameters, respectively. Assuming the parameterization,
such that, A =log(1/a?), making f=e?=1/a” and, consequently,
o =el108A)Y) non-informative distributions were considered a pri-
ori for all parameters, that is, A ~N(0, 10-) and y ~ Gama(10-3,
10-3) (OpenBugs parameterization). The subsequent marginal dis-
tributions for the parameters were obtained through the BRugs
package of the software R Core Team (2013). The value “1” and
the frequency estimator were considered initial values for y and
A, respectively. A total of 1,100,000 values were generated in an
MCMC process, considering a sampling period of 100,000 initial
values. The final sample of 11,000 values was formed after apply-
ing jumps of 100 in size, in order to eliminate the autocorrelation
between values generated in the process. The convergence of the
chains was verified through the R coda package, using the criterion
of Heidelberger and Welch (1983). The parameters of the models, as
well as the effects of the contrasts between treatments, were con-
sidered significant if their respective intervals, with 95% credibility
for the a posteriori means, did not include the value zero.

To perform the histological analysis, the data of the quantitative
tests were submitted to an analysis of variance (ANOVA), and the
means were compared via the Scott Knott test, with 5% significance
in the Assistat software (Silva et al., 2012).

Results
Entomopathogens sprayed on A. mellifera

The entomopathogens M. anisopliae and B. bassiana reduced the
survival of A. mellifera workers (Table 1) when sprayed directly
on them. M. anisopliae reduced A. mellifera survival to 104.7 h, and
B. bassiana to 62.6 h, while the control survival was much greater
(127.6h) (Fig. 1A).

Table 2

Length (m) (+SE) of Africanized Apis mellifera worker midgut (ventricle) cells after
feeding with candy paste mixed with the entomopathogens. Temperature 27 +2°C,
12-h photophase and relative humidity of 60 + 10%.

Treatments Ventricle cells (um)
Control® 106.7 +£8.33a
Metharizium anisopliae 92.0+0.17a
Beauveria bassiana 83.2+16.10a
Bacillus thuringiensis 102.3+18.42a

CV% 11.86

a Sterilized distilled water.Mean (+SD) followed by the same lowercase letter did
not differ statistically from one another by Scott-Knott test (p <0.05).

Entomopathogens on a smooth surface

All the entomopathogens evaluated reduced the survival of A.
mellifera workers when they came into contact with the smooth
surface containing these agents (Table 1). B. bassiana was the
entomopathogen that most reduced the survival of the work-
ers, in which 50% of the population survived for 97.3 h after the
experiment began. M. anisopliae reduced survival to 128 h and B.
thuringiensis to 144.9 h. In the control group, on the other hand,
50% of A. mellifera survived for 197.8 h; that is, for 8 days (Fig. 1B).

Entomopathogens on soy leaves

When sprayed on soy leaves, the entomopathogen B. bassiana
reduced the survival of A. mellifera workers (Table 1). In this bioas-
say, 50% of the workers survived for 89.1 h after the experiment
began (Fig. 1C).

Entomopathogens mixed with candy paste

When B. bassiana was mixed with the candy paste and offered
to the workers as food, it caused a reduction in survival (117.3 h)
when compared to other treatments. However, in comparison to
other bioassays, this technique least affected the longevity of A.
mellifera (Table 1 and Fig. 1D).

Histological analysis of the A. mellifera ventricle

There were no changes in the ventricular cell length of A. mellif-
era workers fed with candy paste integrated with B. thuringiensis,
B. bassiana, M. anisopliae or pure candy paste (Table 2).
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Fig. 1. Survival curve (hours) of Africanized Apis mellifera workers. (A) Entomopathogens sprayed on A. mellifera, (B) entomopathogens on a smooth surface, (C) ento-
mopathogens on soy leaves and (D) entomopathogens mixed with candy paste. Kaplan-Meier vs Weibull survival test adjusted for time (h). Temperature 27 +£2°C, 12-h

photophase and relative humidity of 60 + 10%. Sterilized distilled water.
Discussion

In the bioassays of entomopathogens sprayed on A. mellifera, on
a smooth surface and on soy leaves, the entomopathogenic fungus
B. bassiana caused the greatest reduction in survival of Africanized
A. mellifera workers, especially in the spray bioassay. This is related
to the mode of action of B. bassiana, which germinates upon contact
with insect integument (Alves, 1998). In this case, the direct spray
technique allows an even greater concentration of conidia on the
body of A. mellifera, which can be evidenced by the survival of 50%
of the workers for 62.6 h.

The fungus B. bassiana 447, when applied topically on African-
ized adult A. mellifera workers, negatively affected their survival,
causing mortality in 50% of the bees (Alves et al., 1996). On the
other hand, the isolates of B. bassiana, ARSEF 3769 (ARK), NY (NY;
BB008, SCPFRC) and GHA, when tested via the contact method on
the surface of canola leaves (Brassica napus L.), did not cause mor-
tality in A. mellifera workers, and no insects infected with the fungus
were observed (Al Mazra’awi et al., 2006).

However, the spraying of three other B. bassiana isolates (ARK,
GHA and LON) (1.0 x 108 conidiamL~!) mixed with corn flour on
adult A. mellifera carnica workers, also resulted in a reduced sur-
vival rate, while the isolate NY did not affect survival (Al Mazra’awi,
2007). Another four isolates of B. bassiana (EABb 04/01-Tip, EABb
01/110-Su, Bb-1333, EABb 01/103-Su) sprayed on adult A. mellifera
workers did not interfere in survival, while isolate Bb-1333 only
reduced survival of pupae (Garcia-Fernandez et al., 2008).

Although no studies have been reported on the effect of B.
bassiana on A. mellifera when sprayed on a smooth/vitreous sur-
face, some studies have been carried out to verify the effect of this
entomopathogen on other hymenopteran insects. These studies
showed no interference in the survival of these insects, as verified
for Oomyzus sokolowskii (Kurdjumov) (Hymenoptera: Eulophidae)
(Santos Jr. et al., 2006).

Of the entomopathogens applied on soy leaves, only B. bassiana
interfered negatively in the survival of A. mellifera workers, in which
50% of A. mellifera survived for 89.1 h. The contact of the A. mellif-
era workers with B. bassiana on the surface of soy leaves, and the
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consequent contamination, showed that even when the fungus is
on top of a leaf surface, it can adhere to the body of insects. This
bioassay reproduces part of what can occur in the field when A. mel-
lifera workers are foraging and come into contact with the leaves
of plants.

There was a reduction in the survival of A. mellifera workers who
ingested candy paste incorporated with B. bassiana. Despite this, the
survival was less affected than workers who came into contact with
the product, or by spraying on different treated surfaces. Alves et al.
(1996) evaluated the mortality of workers and found that this same
fungus (B. bassiana isolate 447), when introduced into the diet of A.
mellifera, caused 76% mortality.

The fungus M. anisopliae reduced the survival of A. mellifera
workers when sprayed directly onto them, when in contact with
a smooth surface, and during the candy paste ingestion bioassays.
Despite having caused reduction, when compared to the survival
of the control bees, no treatment showed a lower survival than that
observed for B. bassiana.

No studies evaluating M. anisopliae on A. mellifera when
sprayed on a smooth/vitreous surface have been reported, how-
ever, some studies have assessed the action of this entomopathogen
on parasitoids. As in the example of O. sokolowskii (Kurd-
jumov) (Hymenoptera: Eulophidae), which did not have its
survival/longevity altered when it came into contact with plas-
tic cages sprayed (1.0 x 107 conidiamL~1) with B. bassiana and M.
anisopliae (447 and E9, respectively) (Santos Jr. et al., 2006). Fur-
thermore, adult Cotesia flavipes parasitoid, exposed to isolates of the
fungus M. anisopliae (UFGD 05, IBCB 348 and IBCB 425) (1.0 x 107,
0.5 x 108,1.0 x 108, 0.5 x 10% and 1.0 x 10° conidiamL~1) had little
reduction in survival when they came into contact with a treated
surface (filter paper), demonstrating low virulence of these isolates
for this parasitoid (Hayashida et al., 2012).

Other biological A. mellifera parameters were evaluated when in
contact with B. bassiana, in which Meikle et al. (2007) found that
B. bassiana had no effect on colony weight, adult bee weight or
honey production. Abdelaal and Hany (2013), in studies evaluat-
ing M. anisopliae (Bioranza®) on biological A. mellifera parameters,
found that there was no negative effect on their weight gain when
sprayed on the workers, and there was no effect on the larval, pre-
pupal, pupal and adult stages. On other hand, Hamiduzzaman et al.
(2012) found that the B. bassiana isolate GHA caused a reduction
in worker emergence and mortality when they came into contact
with the fungus-contaminated mite.

It should be noted that the confinement caused by bioassays
creates stress that makes the bees more vulnerable to fungi (Al
Mazra’awi, 2007). Another factor to be considered is the tempera-
ture in the bioassays, which favors infection (Alves, 1998) but is not
the ideal temperature for bee development (Al Mazra’awi, 2007).
B. bassiana and M. anisopliae present optimum germination tem-
peratures between 23 and 30°C (90% moisture) (Alves, 1998). At
temperatures out of this range, these fungi are less able to germi-
nate and penetrate the insect, which may occur if the fungi were
applied in the field.

In addition to these factors, it should be noted that younger
bees have more pronounced grooming and self-grooming behav-
iors (Brighenti et al, 2007), which may lead to greater
contact with the conidia of the fungus, resulting in conidia
adhering to the integument of the mouthparts and causing
infection.

Contrary to fungal infection mechanisms, B. thuringiensis infec-
tion occurs through its ingestion (Fiuza, 2009). As such, the spraying
of this entomopathogen on insects should have little to no effect, as
verified in the spray bioassay on A. mellifera. In the present study, B.
thuringiensis did not reduce the survival of A. mellifera workers, only
when mixed with candy paste. It was also verified, in other studies,
that the entomopathogen B. thuringiensis reduces the survival of

A. mellifera workers when mixed with candy paste (10 and 20 g of
the product/60 g of candy paste), causing 100% mortality 72 h after
ingestion (Brighenti et al., 2007).

B. thuringiensis acts via ingestion and causes mortality in differ-
ent insects 48 h after ingestion, on average, but this effect was not
observed in the present study, in which 50% of A. mellifera workers
were still alive 131.3 h after ingesting the candy paste. Dai et al.
(2012) also verified that the toxin Cry1Ah, from B. thuringiensis,
did not alter the survival, longevity, pollen consumption or weight
of the hypopharyngeal gland of A. mellifera ligustica and Apis cer-
ana cerana, when added to sugar syrup in different concentrations.
The isolates EA3 and EA26 of B. thuringiensis, tested by Alquisira-
Ramirez et al., 2014, did not affect the survival of A. mellifera when
immersed in or ingesting the solution.

The difference found between studies is influenced by 1) dif-
ferent isolates tested, which is important, since new isolates are
constantly being released and found in different parts of the world,
demonstrating the need for selectivity tests; 2) different concen-
trations of the fungus used in the bioassays; 3) culture medium in
which the fungi were produced, or in the case of commercial fungi,
the different adjuvants; 4) subspecies of A. mellifera submitted to
bioassays; and 5) stage of development and age of the bees used in
the tests.

In the analysis of the midgut cells of Africanized A. mel-
lifera workers that ingested candy paste containing the ento-
mopathogens, no significant difference was observed between the
treatments in the midgut sample analyzed by light microscopy. The
midgut is the only organ of the digestive tract of endodermal origin,
and is the region of this tube where most of the food digestion and
absorption of nutrients takes place. In bees, the midgut is a long and
thick cylindrical tube located inside the abdominal cavity. Its wall
is formed by the epithelium (constituted of prismatic cells) and by
visceral muscular fibers (Cruz-Landim, 2009).

The B. thuringiensis proteins, cry1C and cry2C, in an artificial
diet (royal jelly, glucose, fructose, distilled water and yeast extract)
supplied to the larvae of A. mellifera, did not cause damage to the
border of the midgut when analyzed via light microscopy (Wang
et al, 2015).

B. thuringiensis, at the concentrations denominated as field con-
centration (100.0g/hL), low concentration (40.00 g/hL) and high
concentration (24,000.00 g/hL) caused irregularities in the midgut
epithelium of A. mellifera workers after 96 h. These changes were
verified after the first 24h at the two highest concentrations,
when analyzed by scanning and transmission electron microscopy
(D’Urso et al., 2017).

The method of spray application in the laboratory occurs with
the exposure of bees to the products, simulating the contact of
these insects at the time of foraging in the field. To avoid contact
of the pollinators with the entomopathogens while spraying these
productsin the field, farmers should, preferably, carry out the appli-
cations late in the afternoon, in periods when the foraging rate is
lower. It is also necessary to close the hive in order to avoid drift
contamination.

In addition, bees can generate more heat in response to an infec-
tion in the environment, as seen with Ascosphaera apis (Maassen
ex Claussen) Olive & Spiltoir in A. mellifera (Starks et al., 2000).
They can also reduce the impact of pathogens and parasites through
hygiene behavior, in which workers identify and remove diseased
or infected larvae to avoid or combat these agents (Ibrahim and
Spivak, 2006; Richard et al., 2008).

Many studies point out that, even with the changes to A.
mellifera workers, B. bassiana can be used in Integrated Pest
Management programs with little to no effect on bees (Alves,
1998; Al Mazra’awi, 2007). In addition, A. mellifera has the ability
to disseminate B. bassiana, which is advantageous to the field (Al
Mazra’awi et al., 2006).
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The concentrations of entomopathogens applied to Africanized
A. mellifera in this study are concentrations higher than those rec-
ommended by the manufacturers, and the workers are exposed to
forced spraying, causing A. mellifera to come into contact with these
agents, which differs from normal conditions in the field.

Thus, studies of the selectivity of entomopathogens to A. mellif-
era should be continuously carried out, evaluating different species,
isolates, concentrations, and temperatures. Further studies should
also assess biological, morphological and morphometric parame-
ters. There is also a need for field trials on the production of queens
and brood.

Conclusions

B. bassiana reduced the survival of A. mellifera workers in the
four bioassays tested (spraying on A. mellifera, contact on a smooth
surface, contact on soy leaves, and mixed with candy paste) in the
laboratory.

The entomopathogens B. bassiana, B. thuringiensis and M. aniso-
pliae did not cause morphometric changes in the midgut of A.
mellifera fed with candy paste.
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