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Description using ultramorphological techniques of the infection 
of Beauveria bassiana (Bals.-Criv.) Vuill. in larvae and adults of 
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Abstract:  Leaf-cutting ants, whose name comes from the habit of cutting leaves and other parts of plants, are dominant herbivores 
in the Americas, attacking different crops to keep symbiotic fungi (their main food source) in the colony. These ants are soil 
inhabitants, an environment rich in microorganisms, many of which are considered entomopathogenic. In order to describe 
a kind of microbial biological control of these ants through histological techniques, we used the fungus Beauveria bassiana 
(Bals.- Criv.) Vuill. Larvae and adult workers of Atta sexdens (Linnaeus, 1758) were exposed to a fungal suspension with 
the concentration of 106/conidia/mL. The specimens were adequately prepared to describe the behavior of the fungus 
on the integument at 24, 48 and 72 hours after initial exposure. Some specimens were used to represent these periods, 
being properly processed for scanning electron microscopy, which was applied to document the fungus development 
on the surface of the insect integument. To better understand the dynamics of the fungal infection, from the conidial 
adhesion to the potential colonization of the insides of the insect, the histological technique with HE staining was applied. 
The results showed that, in immature individuals, the hyphal penetration of B. bassiana fungi into the insect integument 
occurred in 48 h.

Keywords: Leaf-cutter ants. Immature. Biological control. Entomopathogenic fungi.

Resumo:  As formigas cortadeiras, cujo nome deriva do hábito de cortar folhas e outras partes de plantas, são herbívoros dominantes 
nas Américas, atacando diferentes culturas para manter o fungo simbiótico (principal fonte de alimento) na colônia. Habitam 
o solo, ambiente rico em microorganismos, muitos dos quais são considerados entomopatogênicos. Para descrever um 
tipo de controle biológico microbiano nessas formigas, através de técnicas histológicas, utilizou-se o fungo Beauveria bassiana 
(Bals.-Criv.) Vuill., aplicado em larvas e trabalhadores adultos de Atta sexdens (Linnaeus, 1758), que foram expostos a 
uma suspensão de fungos com a concentração de 106/conídios/mL. Foram adequadamente preparados para descrever o 
comportamento do fungo no tegumento às 24, 48 e 72 horas após a exposição inicial. Alguns indivíduos foram utilizados 
para representar esses períodos, sendo processados adequadamente para realizar a técnica do microscópio eletrônico de 
varredura para documentar o desenvolvimento do fungo na superfície do tegumento do inseto. Para entender melhor a 
dinâmica da infecção fúngica, desde a adesão dos conídios até a potencial colonização no interior do inseto, foi aplicada a 
técnica histológica com coloração com HE. Os resultados mostraram que, em indivíduos imaturos, a penetração das hifas 
de B. bassiana no tegumento do inseto ocorreu em 48 h.
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INTRODUCTION
The leafcutter ants of the genus Atta, popularly known 
as saúvas, are considered important agriculture pests, 
defoliating crops and causing losses to livestock breeding 
and silviculture (Della Lucia & Vilela, 1993, p. 262). 
Although there are several strategies and control methods 
in the literature (Zanetti et al., 2014), chemical bait 
granules are currently the most widely used (Britto et al., 
2016). This method, despite being practical and efficient, 
presents inconveniences, such as the contamination of the 
environment and the release of toxic agents that can directly 
affect human health when misapplied (Boaretto & Forti, 
1997; Loureiro & Monteiro, 2005). In addition, the forest 
certification entities have limited the exportation of products 
with proven toxicity, this fact stimulates the development 
of studies aiming to find efficient and, at the same time, 
sustainable methods to control pest insects, as is the case 
of biological control (Isenring & Neumeister, 2010; Ribeiro 
et al., 2012), although this issue was overcome in the last 
Stockholm convention to persistent organic pollutants.

The fact is that several laboratory studies realized 
look for mortality and virulence by entomopathogenic 
fungal species and the results are encouraging in this level. 
As an example, the pathogenic potential of many species 
of fungus Beauveria bassiana and Metarhizium anisopliae 
Metsch have caused death when applied on workers and 
soldiers of Atta sexdens and Atta bisphaerica Forel, 1908 
ants to foster a biological control (Alves & Sosa-Gómes, 
1983; Castilho et al., 2010; Travaglini et al., 2016).

Tests investigating the action of microorganisms to 
combat leaf-cutter ants have provided different results, 
depending on the caste and application method (Diehl-
Fleig et al., 1988). According to Alves (1998, p. 1163), the 
insect infection occurs via integument, including the natural 
openings, noting that the entomopathogenic fungi infect 
different developmental stages of the insects (egg, larva, 
pupa and adult), a useful characteristic in matters of control. 
According to Arnosti et al. (2016, 2019) and Travaglini 
et al. (2016), who studied Diaphorina citri Kuwayama 

(Hemiptera: Liviidae) exposed to the fungus Isaria fumosorosea 
ESALQ-1296, and leaf-cutter ants exposed to several fungi, 
respectively, the conidia adhesion site on the insect’s 
body would directly influence the germination success.

Other studies using entomopathogenic fungi for 
biological control showed that proteases enzymes, 
aminopeptidases, esterases and chitinases would be produced 
in large amounts by M. anisopliae and B. bassiana (St. Leger et 
al., 1986). These enzymes would modify the structure of the 
integument in grasshoppers, allowing the hypha to penetrate 
the insect’s body (Bidochka & Small, 2005, p. 28-50).

Thus, considering these data and aiming to investigate 
efficient and sustainable strategies to control the proliferation 
of leaf-cutter ants (important agriculture pests), the 
present study had the objective to demonstrate, through 
histological techniques, documenting in pictures the B. 
bassiana development on surface of the insect integument 
both larvae (immature) and workers (adults) of A. sexdens 
for showing the penetration of fungus hyphae, and how 
the structural organization and the morphophysiology of 
the integument would be affected.

MATERIALS AND METHODS

COLLECTION OF A. sexdens LARVAE 
AND WORKERS
The larvae and forager workers of A. sexdens used in 
this experiment were obtained from the colony of the 
Laboratory of Social-Pest Insects, located in Fazenda 
Experimental Lageado of the Agronomic Sciences Faculty 
- UNESP-Botucatu, SP, Brazil, latitude (22º 50’ 48” S), 
longitude (48º 26’ 06” W) and altitude (817,74 m), 
according to the methodology proposed by Forti et 
al. (1994), and maintained under controlled conditions 
(Relative humidity % 75 ± 10, Temperature °C 25 ± 2). 
Annually the ants’ queens are collected after the nuptial 
flight or three months after this period, already with some 
workers and a fragment of the symbiont fungus, with 
shovels and spoons and put in containers, where they are 
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transported from the field to the laboratory and continue 
to receive daily care and fed with leaves.

COLLECTION OF Beauveria bassiana ISOLATE
The isolated fungi used in this study were collected 
from A. sexdens dead queens from the Laboratory of 
Fungal Ecology and Systematics (Laboratório de Ecologia e 
Sistemática de Fungos - LESF), placed on São Paulo State 
University (UNESP), Institute of Biosciences, Rio Claro, 
SP, Brazil. After inoculation, the isolates were multiplied 
in 5-cm Petri dishes containing malt agar (2%), covered 
with plastic film and maintained in Biochemical Oxygen 
Demand (BOD) (temperature ± 25 °C), for fifteen days, 
the period of time needed for the emergence of conidia. 
Serial transfer was performed 15 days after inoculation. 

PREPARATION OF THE SUSPENSION TO 
APPLY B. bassiana
To prepare the suspension, 10 mL of distilled water + Tween 
80® at 0.001% were added to one of the Petri dishes. Then, 
the conidia were counted in a Neubauer chamber under 
bright field light microscope to obtain the concentration of 
106 conidia/mL. For exposure of individuals to the suspension 
of conidia, the fungus B. bassiana replicated in petri dishes 
each 15 days were removed from its culture PDA+ malt agar 
(2%), as previously described and adjusted to 106 conidia/mL 
in order to standardize the exposure of individuals isolated in 
250 ml plastic containers or Petri dishes, in the larvae case, 
which were removed in different time periods of 24, 48 and 
72 hours, and fixed in paraformaldehyde (4%) for monitoring 
with the use of different ultramorphological techniques 
Scanning Electron Microscopy (SEM) and hematoxylin and 
eosin (HE) as described in the sequence.

PATHOGENICITY BIOASSAYS WITH 
WORKERS (ADULT)
The worker ants were classified according to the cephalic 
capsule measurement 2 mm and individually immersed for 
three seconds in the fungal suspensions using entomological 

tweezers, according to the protocol described by Loureiro 
& Monteiro (2005). After, the ants were transferred to 
plastic pots (250 mL) containing cotton wetted with water. 
Two groups were stablished for the bioassays: a control 
group, formed by individuals not exposed to the fungus; 
i.e., immediately fixed for the application of the histological 
techniques and SEM after being collected; and treatment 
group, comprising the workers exposed to the fungal 
suspension for 24, 48 and 72 hours. 

PATHOGENICITY BIOASSAYS WITH 
LARVAE (IMMATURE)
Larvae of A. sexdens were topically exposed to the fungal 
suspension (106 conidia/mL), using a micropipette (1 µL) 
according to the protocol described by Broome et al. (1976). 
After the exposure, the larvae were transferred to sterile 
Petri dishes covered with wetted filter paper and maintained 
at 25 °C in the laboratory environment (Laboratório de 
Insetos Sociais-Praga - LISP). After 24, 48 and 72 hours, 
three individuals from each time interval were collected and 
sent to the histological and SEM procedures. The control 
larvae (without contact with the fungus) were collected, 
immediately fixed, and sent to histological and SEM analyses.

HISTOLOGY
In the laboratory of the Brazilian Central of Studies on Ticks 
Morphology (BCSTM), IB-UNESP-Rio Claro, SP, Brazil, nine 
larvae and nine workers were collected alive, anesthetized 
by fridge thermal shock and fixed in paraformaldehyde 
(4%) for seven days and dehydrated in crescent ethanol 
series at 70%, 80%, 90% and 95% (4 baths/15 minutes 
each). Then, the samples were embedded and included 
using Leica historesin in plastic molds. The blocks were 
polymerized and placed in wooden stands to be sectioned 
using microtome Leica (3-µm thickness). Posteriorly, the 
sections were transferred to glass slides and stained with 
hematoxylin and eosin (HE) (Junqueira & Junqueira, 1983, 
p. 123). The same procedure was performed with larvae 
and workers exposed to the suspension. 
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SCANNING ELECTRON MICROSCOPY
For the application of this technique, three workers were 
collected from each treatment group. The whole specimens 
were fixed in paraphormaldehyde 4% for 15 days and in 
phosphate potassium buffer at 0.05M and pH 7.4 for 24 
hours. Then, the samples were dehydrated in crescent series 
(70%, 80%, 90% and 95%) of acetone and water solution 
for five minutes each bath and dried at critical point. The 
material was attached with double-sided tape to aluminum 
stubs in three different positions – dorsal, left lateral and 
right lateral, metallized for four minutes with gold (70 mA) in 
sputtering with a metallizer brand Bal-Tec, model SCD 050 
(110V, 50/60Hz and 1 phase) and taken for analysis and photo 
documentation under scanning electron microscope Hitachi 
TM 3000 (Hitachi High-Technologies Corporation/Japan) 
operated at 15 kV in the Electron Microscopy Laboratory 
of the Bioscience Institute, UNESP-Rio Claro, SP, Brazil.

RESULTS
The results of the present study show the dynamics of 
adhesion, germination and penetration of the fungus B. 
bassiana in the integument of A. sexdens larvae and workers 
in different developmental stages (immature and adult).

AFTER 24 HOURS
The SEM technique showed that both the larvae and the 
workers presented conidia adhered to the integument, 
mainly in the region next to the buccal cavity, which presents 
a sculptured cuticle, and grooves, in addition to the junction 
of articulated mouthparts (mandible/clypeus) (Figures 1B and 
2B), allowing the conidia to gather and attach. 

Although preferably adhered to the buccal region, 
some conidia could be observed throughout the body of 
larvae and workers; however, only few (one or two images 
of our gallery) were starting the germination process.

The histological analysis confirmed these results; the 
conidia were adhered to the cuticle. With specific regard 
to the larvae, some regions of the body showed groups of 
conidia adhered and some of them were in the initial phase 

of germination, because it is not in a globose pattern (Figure 
1E), differently from the workers, where only adhesion was 
observed (Figure 2E).

AFTER 48 HOURS
After 48 hours of exposure, the SEM revealed that, in the 
larvae, groups of conidia remained adhered in many regions 
of the integument and throughout the body; additionally, 
many of them were germinating, which was confirmed by 
the observation of the germ tube, structure of the fungus 
that originates the hyphae (Figure 1C). The histological 
analysis showed that the integument of the larvae had been 
penetrated by the hyphae (Figure 1F).

Differently from the larvae, only some conidia 
presented germ tubes in the workers (Figure 2C). 

The histological sections showed, mainly in 
the thorax region the deposition of conidia in the 
integumentary grooves, where exocrine glands openings 
are found (Figure 2F).

AFTER 72 HOURS
In the period of 72 hours after exposure, the surface of the 
integument of the larvae was totally covered by hyphae 
(SEM) (Figure 1D), indicating that this treatment was 
completely favorable for the development of the fungus. 
The histological analysis of the larvae demonstrated that the 
entomopathogenic fungus hypha were able to colonize the 
surface of the integument and overcome the cuticle barrier, 
reaching the interior of the body (Figure 1G).

For the workers, the SEM showed that the conidia 
were adhered (only some germinated) to the surface of 
the integument. The histology, however, showed that 
the interior of the workers’ body was totally colonized by 
hyphae. The analysis of the pronotum region of one of the 
workers, showed the histological moment when the hyphae 
overcame the barrier of the integument, penetrating and 
colonizing the interior of the insect (Figure 2G).

For better understanding and comparison, the results 
are summarized in Table 1.
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Figure 2. Ultramorphology (A-D) and histology (E-G) of Atta sexdens worker integument exposed to Beauveria bassiana fungal suspension: 
A) photomicrograph showing the general aspect of a worker; B) conidia adhesion processes in the worker integument in the period of 24 
hours after exposure; C) conidia germination processes in the worker torax region in the period of 48 hours after the exposure; D) Hyphae 
proliferation on the worker integument in the period of 72 hours after exposure; E-G) HE-stained histological sections of A. sexdens worker 
exposed to B. bassiana fungal suspension, showing: conidia adhesion in the period of 24 hours after exposure (E), conidia adhesion in the 
torax region integument in the period of 48 hours after exposure (F), and Hyphae proliferation on the worker integument 72 hours after 
exposure (G). Bars: A = 0.5 mm; B-D = 10 µm; E-G = 20 µm. Legends: an = antennae; ab = abdomen; c = conidia; cut = cuticle; h 
= hypha; he = head; int = integument; md = mandible; s = sensilla.

Table 1. Summary of the dynamics of adhesion (a), germination (g) and penetration (p) of B. bassiana conidia and hypha in suspension on 
the integument of larvae and adult workers of A. sexdens ants 24, 48 and 72 hours after exposure.

Larvae Workers

Exposure time SEM Histology SEM Histology

24 h a a a a

48 h g p g a

72 h g p g p
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DISCUSSION
The search for efficient and, at the same time, sustainable 
to control pest insects is ongoing, once their proliferation 
causes important damages to the agriculture in general 
and significant economic losses (Della Lucia et al., 2014; 
Montoya-Lerma et al., 2012; Zanetti et al., 2014), 
suggesting the search for new control alternatives.

The present study describes the conidia adhesion 
and germination potentials, as well as the penetration of B. 
bassiana hyphae in the integument of larvae and workers of 
A. sexdens ants, taking into consideration the time needed 
for these processes to occur in the laboratory (Figures 1 and 
2). Mortality tests have already been reported (Travaglini 
et al., 2016; Travaglini, 2017), the focus of this study was 
to describe the development of the fungus in the body 
structures of immature and adult A. sexdens in order to 
validate this type of control, however, it is clear the greater 
susceptibility of the larvae in relation to workers due to 
the latter’s ability to promote its own cleaning and even 
removal of the microbial agent in this study, after SEM 
and Histology methodology, the results also suggest that 
some parts of the body provide better development for 
the entomopathogenic fungus (greater accumulation of 
conidia or less time for the germination and penetration 
of the hyphae), for example, mouthparts and connective 
tissue between adult joints, which provides a basis for future 
studies in the area of application technology (Figure 3).

Diehl-Fleig et al. (1988), studied A. sexdens soldiers 
and reported that, for these ants, the period of 72 hours 
of exposure to entomopathogenic fungi would present a 
mortality rate of 50% in a controlled environment. Castilho 
et al. (2010) reported the virulence of M. anisopliae, with a 
mortality rate of 80% of the soldiers in the first 72 hours after 
inoculation in A. bisphaerica and, also that B. bassiana isolates 
were pathogenic for A. sexdens in this same period of time.

In this study, the penetration of B. bassiana hypha in 
the body of A. sexdens larvae occurred in less than 48 hours, 
probably due to fragile constitution of the exoskeleton in 
this life cycle, when the cuticle is not fully sclerotized, very 

Figure 3. Complement: A) Overview of larva in historesin (HE); B) 
Hyphae penetrating the larval cuticle (A); C) general view of the 
worker abdomen in historesin (HE); D) Hyphae penetrating inside 
the gaster (C); E) worker head included in historesin (HE); F) Hyphae 
inside the mandible (E). Legends: h = Hyphae; cut = cuticle. A, C 
and E 4x, B and D 40x and F 100x objective lens.

relevant information for this kind of control. For the adults, 
the presence of sensilla probably facilitated the adhesion 
of conidia in these structures, the penetration occurred 
within 72 hours, which was expected, once the integument 
in this phase is fully sclerotized, providing the insect with 
protection against desiccation, parasitism and predation, 
acting as an efficient physical protection barrier (Chapman, 
1998, p. 770). It is important to note that the application 
was targeted and adjuvants may have accelerated the 
process (Travaglini et al., 2016; Arnosti et al., 2019).

Other studies were developed to investigate what 
would be the more appropriate time for the conclusion of 
each step (adhesion, germination and penetration), which 
would lead to the success of entomopathogenic fungi in the 
control of pest insects. Moino et al. (2002), who studied 
underground termites Heterotermes tenuis Hagen, 1858 
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(Isoptera, Rhinotermitidae) using SEM techniques, found 
that the exposure to B. bassiana and M. anisopliae conidia 
would cause important modifications to the surface of 
the insect in the moments of adhesion and germination. 
These conidia would need approximately 24 hours for 
germination and 48 hours for penetration, corroborating 
our results for the larvae analyzed. 

An important observation is that the exocrine glands 
of fully developed adults secret chemical substances that 
help in the defense against pathogens that represent an 
obstacle for the application of biological control strategies 
on ants. The production of antimicrobial secretions 
synthesized by certain exocrine glands (mainly the 
metapleural one) has not started in the immature individuals 
(Bot et al., 2002; Lacerda et al., 2010; Poulsen et al., 
2002; Vieira et al., 2012), which facilitates the permanence 
of conidia on the integument and the penetration of 
hyphae in the body of these individuals. Workers use their 
appendages – antennae and legs – to collect detritus and 
microorganisms from larvae, reserving them in the buccal 
cavity for posterior elimination (pellet) in the colony waste 
chamber (Pagnocca et al., 1996; Mueller et al., 2001; 
Barbieri et al., 2007). The ants have the habit of licking the 
substrate surface, this behavior allows greater exposure 
of the immature to the entomopathogenic fungus when 
present (contact between worker buccal region/larvae), 
mainly during the feeding process (Petralia & Vinson, 1978).

With specific regard to the adults, considering 
the conidia adhesion and germination processes, it is 
important to consider the cleaning behavior, common in 
social insect workers, named allogrooming (Hölldobler 
& Wilson, 1990, p. 733). This behavior can cause the 
removal of the conidia from the surface of the insect, 
even in sites of difficult access, as the clypeus lateral 
region and the gaster junction (Travaglini et al., 2016). 
On the other hand, reports in the literature on biological 
control confirm that a single viable conidium, finding all 
the favorable conditions to develop, is able to lead the 
host to death (Arnosti et al., 2016).

In addition to the integument, the natural openings 
of the insect’s body, such as the anus, spiracles and 
buccal cavity, have been considered important sites for 
the penetration of entomopathogenic fungi (Kermarrec 
et al., 1986). These openings would have the protection 
of anatomical structures that prevent the penetration of 
strange agents into the insect’s body (Dunn, 1986; Silva, 
2002). With specific regard to the spiracles, the trachea and 
tracheoles would act as a barrier. The saliva protects the 
buccal cavity, in addition to having the potential of inhibiting 
conidia germination (Rodrigues et al., 2008; Fernandez-
Marin et al., 2006).

Besides to understanding the infection, other 
necessary information to be studied the way that occur 
the transmission and dispersion of the microbial agent 
inside the colony after the pathogen to reach the larvae, 
which are the most susceptible individual (Travaglini et al., 
2017). According to Oi & Williams (2002), who studyied 
pathogen transmission, was verified that the queen was 
contaminated after the introduction of larvae and pupae 
contaminated by Thelohania solenopsae Knell, Allen & 
Hazard, 1996 (Microsporidia: Thelohaniidae) in Solenopsis 
invicta Buren, 1972 colonies. The same research line, 
reported crescent dispersion of Vairimorpha invictae 
Jouvenaz & Ellis, 1986 (Microsporidia: Burenellidae) 
among pupae (Oi et al., 2005). Contrarily, Armitage 
et al. (2016) reported the absence of contamination in 
Acromyrmex echinatior Wheeler, 1937 pupae exposed 
to M. anisopliae. Social insects have a high capacity for 
hygiene and isolation of organisms outside the colony 
(Cremer et al., 2007, p. 693-702).

The present study confirmed that the conidia 
adhesion and germination on the cuticle surface of A. 
sexdens adult workers started to occur 24 hours after 
exposure to the fungus B. bassiana, when it was possible 
to observe the appressoria (penetration structure). The 
process of mass penetration of B. bassiana hyphae occurred 
72 hours after the exposure to the fungal suspension, 
corroborating studies on ticks Rhipicephalus (Boophilus) 



Bol. Mus. Para. Emílio Goeldi. Cienc. Nat., Belém, v. 15, n. 1, p. 101-111, jan.-abr. 2020

109

microplus Canestrini, 1888 (Acari: Ixodidae) (Arruda et al., 
2005). Still regarding the relation parasite/host, Bittencourt 
et al. (1999), using scanning electron microscopy, reported 
that the main way of penetration of M. anisopliae in B. 
microplus would be via integument, emphasizing that 
no evidence of infection via natural openings was found 
(Bittencourt et al., 1995).

CONCLUSION
The characteristics of each entomopathogenic fungus 
(e.g., virulence, time needed for conidia adhesion and 
germination) must be considered in the development 
of biological control strategies. Our results lead to the 
conclusion that the biological control of A. sexdens leaf-
cutter ants using the fungus B. bassiana should focus the 
larvae, the biological cycle when the integument is still 
fragile (less sclerotized), allowing successful adhesion and 
germination of the fungus. Furthermore, the elimination 
via immature contamination would directly interfere in the 
generation of new individuals, affecting the development of 
the colony and, consequently, the success of the species.
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