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Abstract

The aim of this work was to evaluate the effects of Anagrapha falcifera multiple nucleopolyhedrovirus
(AfMNPV) passages in the Spodoptera cosmioides caterpillar’s biology at different times of infection
and histological changes that the virus could cause in the caterpillar midgut, seeking correlate
histopathologic effects to the effectiveness of this virus as a potential biological control of this pest.
Larvae were infected with seven days of development, by using three different passages of A/MNPV
on S. cosmioides (F1, F4 and F7, which is the first, fourth and seventh passages, respectively) and
the control treatment. Compared biology assays with the same treatments for analyzing behavior
and mortality of caterpillars were performed concomitantly. The midgut morphology was compared
between infected and uninfected larvae. The digestive tubes were collected at 24, 72 and 144 hours
of infection (20 tubes/treatment/time of infection). After collection, the digestive tubes were fixed in
Karnovsky, processed, stained with Hematoxylin-Eosin, and examined under a light microscope. The
biology results of F4 and F7treatments, showed a drastic reduction in locomotion and feeding from
the fourth day after infection and higher cumulative mortality rate compared to the control and F1.
All treatments caused morphological changes in the midgut of S. cosmioides, in the three times of
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infection, with the greatest changes occurring at the epithelium. The AfMNPYV, in the three passages
tested in S. cosmioides, caused behavioral and morphological changes in the midgut, indicating that it
can be a promising agent for biological control of this pest.

Keywords: Morphology; Histopathology; Biological control; Insect viruses.

Resumo

O objetivo deste trabalho foi avaliar os efeitos de passagens do multiplo nucleopoliedrovirus de
Anagrapha falcifera (AfMNPV) na biologia de lagartas de Spodoptera cosmioides, em diferentes
momentos de infeccdo, e as alteragdes histoldgicas que o virus poderia causar no intestino médio da
lagarta, buscando correlacionar os efeitos histopatologicos e a eficacia deste virus, como um potencial
controle bioldgico desta praga. As lagartas foram infectadas com sete dias de desenvolvimento, utilizando
trés passagens diferentes do A/MNPV em S. cosmioides (F1, F4 e F7, sendo a primeira, quarta e sétima
passagens, respectivamente) e o tratamento controle. Foram realizados, concomitantemente, ensaios
de biologia, comparados com os mesmos tratamentos, para analisar o comportamento ¢ mortalidade
das lagartas. A morfologia do intestino médio foi comparada entre as lagartas infectadas e as nao
infectadas. Os tubos digestivos foram coletados com 24, 72 e 144 horas de infec¢ao (20 tubos/tratamento/
tempo de infeccdo). Apos a coleta, os tubos foram fixados em Karnovsky, processados, corados com
Hematoxilina-Eosina e analisados ao microscopio de luz. Os resultados da biologia dos tratamentos F4
e F7 mostraram uma reducao dréstica na locomogao e alimentagdo das lagartas, a partir do quarto dia
pos-infecg@o e maior taxa de mortalidade cumulativa, em relagdo ao controle e F1. Morfologicamente,
todos os tratamentos causaram alteracdes no intestino médio das lagartas de S. cosmioides, nos
trés tempos de infec¢do, sendo que as maiores alteragdes ocorreram no epitélio. O A/MNPYV, nas
trés passagens testadas em S. cosmioides, provocou alteragdes comportamentais e morfoldgicas no
intestino médio, indicando que pode ser um promissor agente de controle bioldgico desta praga.

Palavras-chave: Morfologia; Histopatologia; Controle biologico; Virus de insetos.

Introduction

Spodoptera cosmioides is a polyphagous
species, once considered a minor pest, it has been
showing significant increases in attacks on crops.
In Brazil, S. cosmioides is the second most fre-
quent species of the genus collected in agricultural
landscapes, second only to S. frugiperda, the main
pest species of the genus. Nevetheless, S. cosmi-
oides encompass only about 10% of the catches.
There is evidence that S. cosmioides is not affected
by harsh dry or wet seasons and is not greatly af-
fected by the El Nifio. The intensification of the ef-
fects of these phenomena due to the climate change
may contribute to turn S. cosmioides to an impor-
tant pest species in the future.’” Some outbreaks
of this species are reported in the literature associ-
ated with frequent applications of broad-spectrum
insecticides, which destroy the fauna of natural
enemies related to this specie.® Thus, alternative

control methods now have greater importance for
the containment of this pest. From the implemen-
tation of the Integrated Pest Management (IPM)
program in soybeans crops, the maintenance of
the natural enemies’ complex in agroecosystems,
and the development of alternatives to chemical
control of insects have been the subject of several
studies. The control of this pest from the use of en-
tomopathogenic agents has been studied, and the
Anagrapha falcifera multiple nucleopolyhedrovi-
rus (AfMNPV) is a promising alternative.

A study conducted by Hostetter and Puttler,®
showed that more than 31 species of Lepidoptera
from ten different families are likely to A/MNPYV,
and no other baculovirus, natural or genetically
modified, known currently infects many economi-
cally important and cosmopolitan species of in-
sects, causing high mortality even at low dosages.
Among the entomopathogenic viruses as biopesti-
cides, the Baculoviridae family, which belongs the
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AfMNPYV, is the most studied because of its large
specific virus/insect and its potential as a biological
control agent, and it can be used as biological alter-
natives to chemical pesticides.*® The baculovirus
associated with Lepidoptera have a mode of action
that is initiated by the ingestion of nucleopolyhe-
drovirus (NPV) by the host insect. After ingestion,
the occlusion bodies dissolve in the midgut lumen,
releasing the virions constituting infection. The in-
fected larvae lose a motor and power capacity in
about four days after feeding and die six to ten days
after infection.”

In insects, the midgut is the primary site of
digestion and absorption of food, and the main
access to chemical and biological insecticides.
The midgut is formed by epithelial layer mainly
composed of columnar, goblet, regenerative and
endocrine cells, coated internally by peritrophic
membrane and supported externally in the mus-
cular layer.®® These cells are responsible for the
functions of synthesis and secretion of digestive
enzymes, absorption of water and nutrients, ion ex-
change, replacement of epithelial cells in disposal,
providing maintenance of epithelial integrity, the
synthesis of polypeptide hormones that act on dif-
ferentiation of the cells and regenerative control of
digestive enzyme secretion after meals.®? Changes
in midgut can affect the growth and development
of insects, as well as all physiological events.1%!D

Thus, the objectives of this study were to
evaluate the effects of Anagrapha falcifera multi-
ple nucleopolyhedrovirus (A/MNPV) passages in
the S. cosmioides caterpillar’s biology at different
times of infection and histological changes that the
virus could cause in the caterpillar midgut, seeking
correlate histopathologic effects to the effective-
ness of this virus as a potential biological control
of this pest.

Material and Methods
Insects

The eggs of Spodoptera cosmioides were ob-
tained from the insect rearing facility at the Centro

Nacional de Pesquisa de Soja (Embrapa Soja),
Londrina, Parana State, Brazil. The moths were
maintained in the laboratory on an artificial diet
under controlled temperature (25 °C-27 °C), pho-
toperiod (14L/10D) and 80% relative humidity,
inside plastic cages for mating and oviposition.

The S. cosmioides moths put the eggs on
a white paper that covered the inside walls of
the cage; this paper was removed, the eggs were
washed and transferred to the cardboard paper, that
was placed on cardboard cups (ice cream type).
The newly hatched caterpillars started to feed on
the diet, remaining in this cup until the pre-pupal
stage. Then, the insects were transferred to plastic
boxes (gerbox type) until the pupae stage, which
were separated by sex and placed in the cages for
mating and oviposition, in the ratio of a male to
a female. After the eggs hatched, the larvae were
maintained in the same diet and monitored until the
7th day after hatching, as we proceeded with the
virus infection.

Obtaining sequential passages of Anagrapha
falcifera (AfMNPV) baculovirus

Sequential passages of the A/MNPV virus
were performed in S. cosmioides, to study the ef-
fectiveness of control in this species. Passages col-
lection occurred from the caterpillar’s infection
with AfMNPYV pure viral suspension. For infection,
diet cubes were dipped for five seconds in viral
suspension and provided to the caterpillars for 48
hours. After this period, the diet used was virus-
free. Caterpillars were monitored daily and when
they experienced symptoms of infection or death,
they were collected and stored at -20 °C for subse-
quent extraction of the virus.

For extraction, caterpillars were macerated
in crucible. Such mash was transferred to a fun-
nel covered with cotton and gauze, in which was
added distilled water for filtering. After extraction,
the material was centrifuged in ultracentrifuge at
10,000 rpm to remove impurities such as grease,
membrane debris and filtering water, having the
purified virus. This virus, after purification, was
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considered a passage (1% pass), i.e., underwent a
process infection within the target organisms and
was isolated, allowing a new process infection in
young individuals, giving rise to a new passage.
Eight virus passages were performed and, for bi-
ology and midgut morphology studies presented
here, we used the first (F1), fourth (F4) and seventh
passages (F7), which in previous experimental pro-
tocols were shown to be more consistent with the
focus of this work.

Biological characteristics of AMNPV-infected
S. cosmioides

Three treatments, F1, F4, F7, and a concen-
tration of 6.5 x 10°, 8.28 x 107 and 5.575 x 1030B.
mL"! respectively were used. The control was com-
posed only of distilled water. Infection occurred
as described previously and for the control treat-
ment, the diet cubes were dipped in distilled wa-
ter. We used 60 caterpillars/treatment, which were
individually placed in plastic containers with diet.
Biological parameters (change of instar by observ-
ing the expulsion of the head capsule, deformation
after molting and/or adult emergence and mortal-
ity of individuals) were assessed daily until adult
emergence. There was variance analysis by the
Kruskal-Wallis test and comparison of means by
Student-Newman-Keuls tests, p <0.05.

It was also carried out the counting of the vi-
ral polyhedron at five and ten days after infection.
For viral counts we used 10 caterpillars/treatment/
infection days, in which caterpillars were subjected
to virus extraction process described above. For
filtration it was used 50 mL of distilled water and
the obtained samples were not passed through the
purification process. The polyhedrons counting in
OB.mL"! was held in Neubauer Chamber.

Midgut morphology of AfMNPV-infected
S. cosmioides

The same three biology experiment treat-
ments were used, and the procedure was performed

at the Laboratorio de Insetos (LI), Departamento
de Histologia, Universidade Estadual de Londrina
(UEL), Londrina, Parana, Brazil. The midguts (20
tubes/treatment/infection period) were collected at
24 hours, 72 hours and 144 hours, following infec-
tion and used in the study. For collection, S. cos-
mioides larvae were anaesthetized by cooling at
4 °C and dissected under a stereoscope microscope
with saline solution for dissecting insects (1.80 g
NaCl, 1.88 g KCl, 0.16 CaCl; 0.004 g NaHCO3
and 100 mL distilled water). The digestive tubes
were fixed in Karnovsky’s fixative solution (2.5%
glutaraldehyde + 4.0% paraformaldehyde in 0.1M
phosphate buffer and pH 7.2) for six hours. After
fixing, the material was included in Historesin®
Leica, following the manufacturer’s recommenda-
tions. The material was cut in a rotary microtome
(Leica RM 2145) into 5 um and placed on glass
slides previously cleaned with ethyl ether and
absolute alcohol. The sections were stained with
Harris Hematoxylin and Eosin (H-E), according
to the protocol of the LI and mounted in Canada
balsam. After drying, they were analyzed in under
a light microscope (Axiophot, Zeiss).

Results

Mortality and development time of
AfMNPV-infected S. cosmioides

Mortality results are shown in Table 1. The
caterpillars began to die from the eighth day after
infection (DAI), but from the fourth DAI on, the
caterpillars of the F4 and F7 treatments decreased
their feeding. From the seventh DAI on, these
caterpillars stopped feeding and showed drastic
reduction in dietary consumption. Along with the
feeding reduction, the development of these cater-
pillars was greatly affected, as shown in Figure 1.
F1 treatment caterpillars, although they have not
shown statistical difference in mortality compared
with the control, showed adult deformation rate
of 30%, compared with none in the control. The
results of virus counting are shown in Table 2.
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Table 1 - Cumulative mortality (% =+ standard error) of S. cosmioides caterpillars infected with different

passages of A/MNPV.
Cumulative mortality (%)
Treatments
8 DAI' 10 DAI 12 DAI
Control 0,0 (£ 0,00) a’ 0,0 (= 0,00) b 0,0 (= 0,00) b
FI? 3,3 (+0,18) a 8,3 (£ 0,28) b 11,7 (£0,32) b
F4? 6,7 (£0,25) a 61,7 (+0,49) a 93,3 (£ 0,25) a
F7° 11,7 (£0,32) a 50,0 (= 0,50) a 93,3 (£0,25) a

Caption: 'DAI - days after infection. 2Averages followed by different letters in the same column differ by Student-
Newman-Keuls test at 5% error probability. *F1 - first passage of the virus; F4 - fourth passage of the virus; F7 -
seventh passage of the virus. n = 60.

Source: the authors.

Table 2 - Number of viral polyhedrons (OB.mL") after extraction in S. cosmioides caterpillars infected
with different passages of A/MNPV.

Viral polyhedrons (OB.mL™")

DAT
F1? F4* F7?
5 2,50 x 10 7,75 x 10° 7,00 x 10
10 4,85x 10° 3,14 x 107 1,64 x 107

Caption: 'DAI - days after infection. *F1 - first passage of the virus; F4 - fourth passage of the virus; F7 - seventh
passage of the virus. n = 10.
Source: the authors.

Figure 1 - Development of S. cosmioides caterpillars infected with different passages of A/MNPYV,
10 days after infection.

Control F1 F4 F7

-

Caption: F1 - first passage, F4 - fourth passage and F7 - seventh passage of the virus.
Source: the authors.

Midgut morphology of S. cosmioides caterpillars membrane (PM), the epithelial layer (EL) and
non-infected with AfMNPV (control) muscle layer (ML) (Figures 2A, 3A and 4A). The
PM is an acellular layer just above the epithelium,

The midgut histologically is constituted which divides the lumen of the digestive tube in

from lumen to the periphery of the peritrophic two environments, endo (Ed) and ectoperitrophic
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space (Ec). Ed is in contact with food and separates
it from the rest of the midgut, while Ec separates
the epithelium from the PM. The EL is formed by
a pseudostratified columnar epithelium with brush
border, composed of three cells types: the columnar
(Co), goblet (Gob) and regenerative cells (Re). Co,
more abundant, are elongated, with some protru-
sions, brush border well-developed, nucleus in the
midline to apical, basophil cytoplasm and little vac-
uolized. Gob is acidophilic, shaped like a cup and
basal nucleus. Re are small, basophilic cells and
central nucleus. They are found in small quantities,
alone or grouped in nests, especially in the basal
portion of the epithelium. The ML is composed of
cross-fiber bundles (circular muscle), closer to the
EL base, accompanying its folds, and longitudinal-
fiber bundles (longitudinal muscle) accompanying
the EL throughout its length.

F1 - first passage

After 24 hours of infection (Figure 2B), com-
paring with the control (Figure 2A), we observed
the PM fragmented and far from epithelium; more
elongated Co, apparently in greater quantity and
greater number of protrusions and different stages
of maturation; more vacuolated cytoplasm and un-
organized brush border; apparent increase in the
amount of Re and fragmentation of the longitudinal
ML (Figure 2B). Within 72 hours, midgut presented
fragmented MP; low epithelium; Co with unorgan-
ized brush border, few protrusions, very vacuolated
cytoplasm, and nucleus in the median region. In ad-
dition, there was an increase in the number of Re,
and fragmented ML (Figure 2C). After 144 hours,
midgut resembled the control, with high epitheli-
um, but apparently more Re (Figure 2D).

Figure 2 - Midgut photomicrograph of S. cosmioides larvae, control and infected with the first passage
of AIMNPV: (A) control and (B) 24 hours, (C) 72 hours, (D) 144 hours, from infection.
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Epithelial Layer (EL); Columnar Cell (Co); Goblet Cell (Gob); Regenerative Cell (Re); Muscle
Layer (ML); Malpighian Tubule (MT). HE. Bar: 10 pm.

Source: the authors.
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F4 - fourth passage

Within 24 hours of infection, there was
highly fragmented PM; epithelium apparently low-
er compared to control and other times of infec-
tion; Co quite changed, apparently in small num-
bers, with large vacuoles and practically no brush
border. We can also note Re in larger amounts,
in nests and hypertrophic. ML was thicker and
more distant ofthe basal portion of the epithelial
cells, moving towards the hemocoel, in relation
to the control and had hypertrophic cells (Figure
3B). Within 72 hours, there was fragmented and
distant PM epithelium; Co apparently in larger

numbers compared to the previous time (24 hours
of infection) with brush border, many protrusions,
nucleus in the median to apical region, with cy-
toplasmic vacuoles. We have also observed visu-
ally, increased amount of Re, and fragmented ML
(Figure 3C). Within 144 hours, PM was highly
fragmented; the epithelium was with great cellular
disorganization and was difficult to see the cells.
Co had unorganized brush border, little vacuolated
cytoplasm, and nucleus in the median to apical re-
gion. We also observed visually a large increase in
the number of Re and fragmented ML. We have
also noted some tracheas with probable infection
(Figure 3D).

Figure 3 - Midgut photomicrograph of S. cosmioides larvae, control and infected with the fourth passage
of AIMNPV: (A) control and (B) 24 hours, (C) 72 hours, (D) 144 hours, from infection.
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Caption: Peritrophic Membrane (PM); Endoperitrophic Space (Ed); Ectoperitrophic Space (Ec); Epithelial Layer
(EL); Columnar Cell (Co); Goblet Cell (Gob); Regenerative Cell (Re); Muscle Layer (ML); Malpighian Tubule

(MT). HE. Bar: 10 pm.
Source: the authors.
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F7 - seventh passage

Within 24 hours of infection, although PM
was far from epithelium, it was little fragmented.
The epithelium was low, and Co had very vacu-
olated cytoplasm, with brush border quite visible
and thick, and nucleus in the median region. An
apparent increase was noted in Re. The ML was
fragmented (Figure 4B).

After 72 hours, the PM was fragmented and
very distant from the epithelium. The epithelium

was low; Co had little unorganized brush border,
many protrusions, vacuolated cytoplasm, and vis-
ible increase in the amount of Re. The longitudi-
nal ML was fragmented (Figure 4C). Within 144
hours, PM was little fragmented and quite far from
the epithelium. The epithelium was still low, we
could note Co at different stages of maturity, with
little unorganized brush border, nucleus mostly in
the apical region and cytoplasm with little vacuola-
tion. We also observed an increase in the amount of
Re. The ML was slightly fragmented (Figure 4D).

Figure 4 - Midgut photomicrograph of S. cosmioides larvae, control and infected with the seventh passage
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Caption: Peritrophic Membrane (PM); Endoperitrophic Space (Ed); Ectoperitrophic Space (Ec); Epithelial Layer

(EL); Columnar Cell (Co); Goblet Cell (Gob); Regenerative Cell (Re); Muscle Layer (ML). HE. Bar: 10 pm.

Source: the authors.

Discussion and Conclusion

The results of mortality and behavioral as-
pects in relation to the control and F1 treatment
development showed that the larval period, along

with pre-pupa, was 32 to 33 days and from 25 to
26 days, respectively. The results for the control
were close to those found by Bavaresco et al.'?
in laboratory studies with S. cosmioides they not-
ed that the development of larvae, along with the
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pre-pupa, totalizes 30.4 days. This small temporal
variation can be explained by the fact that the au-
thors worked with soybean leaves “in nature” as a
feeding source, and this study used the Anticarsia
gemmatalis diet adapted to S. cosmioides"'® which
may have resulted in a difference in insect devel-
opment speed.

Regarding the locomotion and feeding abili-
ties of the caterpillars infected by F4 and F7 treat-
ments, the results are corroborated by Moscardi
et al.” These authors reported that, in general,
caterpillars infected by viruses lose their motor
and feeding abilities approximately four days af-
ter inoculation. These same authors reported that
the caterpillars usually died from six to ten days
after infection. In this study, 10 days after infec-
tion, a rate of 61.67% mortality was observed. This
mortality may be associated probably to A/MNPV,
that it is a non-specific virus, where there is little
knowledge about its infection in S. cosmioides.
The results highlight the need for more studies on
the AMNPV and S. cosmioides interaction.

Overall, our results allow the conclusion that
although the mortality commence later in F4 and
F7 treatments, there is a positive effect of the virus
on the S. cosmioides control, and, although there
was no significant mortality, as in the F1 case, the
fact that the caterpillars and moths present a delay
and/or deformation during development causes a
reduction of the damage caused by caterpillars to
crops attacked. Similar results were reported by
Morales et al.'¥ working with sequential passages
of AcMNPV into Chrysodeixis includes and Anti-
carsia gemmatalis, observed increased virulence
and mortality for each passage of the virus in both
species.

Morphologically, the gut of this pest was
similar to that reported in other species of Lepidop-
tera, as described in A. gemmatalis,">'? Diatraea
saccharalis,"® Manduca sexta and Heliothis vire-
scens") and Alabama argilacea® being formed
by the epithelial layer, covered by a membrane,
called peritrophic membrane and surrounded by
a muscular layer. The PM is an acellular structure
that separates the epithelium from the intestinal

contents, protecting it against abrasion and acting
as a permeable barrier to digestive enzymes and
digestion products.®'*» This membrane consists of
a fine network composed of chitin, glycosamino-
glycans, glycoproteins and proteins.'>17212% Wang
and Granados® reported that this structure also
serves as a barrier that prevents or hinders the en-
try of micro-organisms in the epithelium. It can be
said that the functionality of this membrane or ma-
trix 1s altered in this work, since we observed PM
fragmentation in the treatments F4 and F7, being
more evidenced in this last treatment. According
Tellam,? Chapman® and Terra® PM stimulates
the digestive processes and protects the surface of
the epithelium from mechanical abrasion and the
action of toxins and pathogens ingested along with
food. The rupture of this structure could be associ-
ated with thein tense disorganization of the colum-
nar cells and consequently your synthesis!>!” and
once ruptured, the virus comes to have free access
to further infection and complete its cycle in epi-
thelial cells. In the midgut epithelial layer, as well
as other lepidopteran described by Levy et al.,'
Pinheiro et al."® and Cruz et al.,'> we can see
three cell types, the columnar, goblet and regen-
erative cells. The columnar cells are described as
digestive cells and considered the most numerous
in the epithelium, easily identified by light micros-
copy, with basophilic cytoplasm and acidophilic
brush border.(!%17:20.25-26)

According to Levy et al.'® cytoplasmic
portions can be released into the ectoperitrophic
space. These features were also observed in S.
cosmioides in this work. The apical cytoplasmic
protrusions released in the ectoperitrophic space
were characteristic in all treatments, like that ob-
served by Levy et al."® and Cruz et al.'” These
protrusions can be considered as a mechanism of
resistance to infection by virus, associated with
cell death, since when the midgut is infected by
microbial agents, columnar cells swell and form
apical protuberances releasing all their content
into the lumen, in addition to being responsible for
the apocrine secretion of digestive enzymes into
the lumen. 22839
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The columnar cells showed basophil cyto-
plasm, and this qualitative aspect differed from
those observed by Correia et al.*” in S. frugiperda,
who described columnar cells with acidophilic cy-
toplasm in midgut for this species. When comparing
midgut larvae infected with 4/MNPYV in different
treatments with control midgut larvae, the results
show that the greatest changes were observed in
the epithelial layer of midgut, especially in the
columnar cells. This result is similar to Keddie et
al.®Y who studied the infection of AcMNPV in Tri-
choplusi ani, they reported that the initial infection
of this virus occurs in the columnar and regenera-
tive cells from midgut epithelial layer.

The regenerative cells of S. cosmioides are
similar to the described by Levy et al.>1® and
Pinheiro et al."® These authors report that in the
epithelial layer of A. gemmatalis and D. saccha-
ralis, respectively, these cells were found in isola-
tion, or paired groups in the basal area of the epi-
thelium, are round or oval with strongly basophilic
cytoplasm, and could be related to the epithelial
cell renovation process that consists of substitut-
ing older or damaged cells."” Regenerative cells
observed in larger amounts in the three treatments
and all infection times, compared to the control.
According to Billingsley and Lehane,® Chapman®
and Cavalcante and Cruz-Landim®? are mainly re-
lated to the process of epithelial renewal, where the
cells removed are replaced by regenerative cells.
Engelhard and Volkman® and Hoover et al.®¥
reported that the cell spare capacity conferred to
the epithelium could reduce susceptibility to vi-
ruses. Loeb et al.®® explained that the renewal of
intestinal epithelium promotes the disposal of cells
that can be infected by the virus, hindering thereby
virus replication and establishment of a secondary
infection in the body. In this context, F1 treatment,
at 144 hours post infection, as observed, appears
to have tackled the virus, and whereas the regen-
erative cells may have played a crucial role in this
process. Perhaps the high virulence observed in
F4 and F7 treatments, it was not possible to ob-
serve the same retrogression of infection in these
treatments.

Goblet cells are also similar to other lepi-
dopteran described in the literature.>-1839 Tt has a
calyx shape, with a large basal region, acidophilic
cytoplasm, and basal nucleus. Its main function
performing the transport of potassium from the
hemolymph into the lumen, maintaining homeo-
stasis and cooperating with columnar cells on the
absorption of metabolites. In this work, we did not
observe relevant changes to goblet cells in all treat-
ments, unlike Cruz et al.'” who observed changes
in these cells, where they detected cell voluminous
and with an apparent increase in the quantity. Ac-
cording to these authors, this can alter the alkalini-
zation of the midgut, and consequently, deficiency
in food digestion, and could be related to the tested
genotypes.

According Moscardi et al.”) after primary
infection, where occurs the release of viral nucle-
ocapsids and entering the microvilli, these nucle-
ocapsids migrate to the basement membrane or
also through the trachea, in the form of extracel-
lular virus, which are responsible by secondary
infection. This infection can be observed by chang-
ing some tracheas of the F4 treatment with 144
hours of infection. Changes observed in muscle
layer, such as thicker and more distant from ba-
sal portion of epithelial cells, moving towards the
hemocoel, in relation to the control and apparently
with hypertrophic cells, may affect the architecture
and functionality of the digestive tube, resulting in
lower intestinal motility and thus lower utilization
of ingested food. These changes can adversely af-
fect the process of digestion, metabolic changes
with the hemolymph and other organs such as fat
body, altering the functional integrity of the tested
larvae midgut, and thus, these larvae development
can be impaired or even not complete.

In this work, we can conclude that the Ana-
grapha falcifera multiple nucleopolyhedrovirus,
AMNPYV, causes behavioral changes and high
mortality in S. cosmioides larvae in fourth and sev-
enth passages tested, while the first passage pro-
motes deformation in adult S. cosmioides, and may
impair the next generation. From the three tested
AfMNPYV virus passages, the fourth and seventh
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passages are the most effective for the control of S.
cosmioides, since they cause great morphological
changes in the midgut epithelium, responsible for
the digestion and absorption of food. Thus, the use
of A/MNPYV virus as a biological control agent for
this pest is presented as promising, but field studies
and greater knowledge on the virus-insect relation-
ship are necessary to validate this fact.
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