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ABSTRACT: Alphabaculovirus is a genus of the entomopathogenic virus, whose species Bombyx mori 

nucleopolyhedrovirus (BmNPV) infects the silkworm, Bombyx mori, which is an important insect in the sericulture 
industry. A geographic isolate of BmNPV was identified in the state of Paraná, Brazil. It was infecting B. mori larvae and 
various organs and target tissues were identified, however, there was no information about the infection of Malpighian 
tubules (MT). The MT comprises the excretory system of B. mori and acts in the elimination of toxic substances and in 
hydroelectrolytic homeostasis. Thus, the present study examined the susceptibility and cytopathology of B. mori MT to 
BmNPV. To this end, hybrid fifth instar larvae were inoculated with a virus suspension at different days post-inoculation 
(dpi). MT segments were collected and divided into the ampullae, proximal, medial and distal regions. These were 
processed for light microscopy and transmission electron analysis. The MT regions revealed differences in susceptibility to 
BmNPV and the ampullae in its transition area was infected from the sixth dpi; the other regions did not reveal any 
evidence of infection. The transition area of the ampullae has not been previously described in Lepidoptera and its 
cytopathology revealed a hypertrophic nucleus with viroplasm, followed by the formation and development of viral 
polyhedra, which are common characteristics of infections by Alphabaculovirus. Thus, infection of the ampullae of the 
MT of B. mori by BmNPV, together with other known targets, compromises the metabolic balance of the insect, which 
results in consequences for silk production and damage to the sericulture sector. 
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INTRODUCTION 
 

Baculoviridae is a family of viruses that 
infect invertebrates, especially insects of the order 
Lepidoptera (BILIMORIA, 1991). It has been 
widely used as a bio-insecticide in the biological 
control of agricultural pests (DOURADO et al., 
2011; MOSCARDI, 1999; RODRÍGUEZ et al., 
2002). However, when it infects Bombyx mori 
(Lepidoptera Bombycidae) - an insect of economic 
importance - as in the case of Bombyx mori 

nucleopolyhedrovirus (BmNPV), genus 
Alphabaculovirus (AlphaBV), it triggers nuclear 
polyhedrosis disease, which results in damage to the 
sericulture industry (BRANCALHÃO, 2002; 
LIANG et al., 2013).   

Nucleopolyhedroviruses (NPV) consist of 
circular double-stranded DNA, which is associated 
with capsid proteins that form the nucleocapsid. 
This is surrounded by a membranous envelope, 
forming the enveloped nucleocapsid, or virion, 
which may present one nucleocapsid per envelope, 
known as "single nucleopolyhedrovirus" (SNPV), or 

various "multiple nucleopolyhedrovirus" (MNPV) 
(ROHRMANN, 2013), which is considered to be 
more virulent. Furthermore, it appears that NPV of 
the same species may have genetic variability, 
depending on geographic location, which affects its 
virulence (ADAMS; McCLINTOCK, 1991; FAN et 
al., 2007; LIANG et al., 2013).  

The cycle of infection of NPV presents two 
phenotypic forms: budded viruses (BV), which are 
not occluded, and which are responsible for 
systemic or secondary infection (cell-to-cell 
transmission); and occlusion derived bodies (ODB) 
that have one or more enveloped nucleocapsids, 
which are occluded in occlusion bodies (OB), and 
are responsible for the horizontal transmission of 
disease from one insect to another, acting in the 
primary infection of epithelial cells in the midgut 
(ROHRMANN, 2013). 

A geographic isolate of BmNPV was 
identified in the state of Paraná, Brazil, which was 
infecting B. mori larvae. Various organs and target 
tissues have been previously identified in other 
studies, such as fat (BRANCALHÃO et al., 2002), 
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integument (BRANCALHÃO; RIBEIRO, 2003) 
nerves (TORQUATO et al., 2006), testis (PEREIRA 
et al., 2008), cardia (RIBEIRO et al., 2009), the 
medial and posterior regions of the silk gland 
(BRANCALHÃO et al., 2009), the anterior region 
of the interstitial pyloric ring (BAGGIO et al., 2014) 
as well as the cells of the anal canal (VESSARO-
SILVA et al., 2014). However, there is no 
information in the literature of the action of this 
viral geographic isolate on the Malpighian tubules 
(MT) of B. mori.  

The MT are the principal organ of the 
excretory system of insects; they are responsible for 
the elimination of toxic substances and assist in the 
hydroelectrolytic homeostasis of hemolymph 
(CHAPMAN, 1998). In B. mori, as in other 
Lepidoptera, the MT comprises six tubules, three on 
each side of the body of the insect, which unite to 
form a sac-like structure known as the ampullae in 
the region of the pyloric valve, the site of the 
junction of middle and posterior intestine 
(TEIGLER; ARNOTT, 1972; LEVY et al., 2004, 
2008; MARANHÃO, 1978; RIGONI et al., 2004). 
The tubules can be further subdivided into three 
regions from the ampullae: the proximal, which 
extends to the middle portion of the midgut; the 
medial, with tubules that return to the pyloric valve; 
and the distal, with tubules that continue to the 
rectum, which makes up the cryptonephric system 
(FERMINO et al., 2010; RIGONI et al., 2004). 
Functionally, the proximal and medial sections act 
in the absorption of ions and the transport of fluids, 
forming urine (CHAPMAN, 1998; GULLAN; 
CRANSTON, 2010). The distal section reabsorbs 
water and recovers ions, an essential feature for 
insects, which cannot support large losses of ions 
from the hemolymph (CHAPMAN, 1998). In the 
case of the ampullae, Spring et al. (1988) consider 
that the function of the ampullae is to pump the 
urine into the intestine.  

Morphologically, the MT consists of a 
simple epithelium tissue that is based on the basal 
lamina (MARTOJA; BALLAN-DUFRANÇAIS, 
1984; SNODGRASS; EICKWORT, 1993; 
RAHMAN; GOPINATHAN, 2004), and an 
extensive network of tracheae, which perform 
aeration (CHAPMAN, 1998; SNODGRASS; 
EICKWORT, 1993).  

Bearing in mind the role of the MT in the 
insect's metabolic balance, and the fact that 
osmoregulation influences the development of the 
silk gland (KATAOKA et al., 2009) and the 
functioning of other organs of the insect, this study 
evaluated  the susceptibility of the MT of B. mori to 
BmNPV, geographic isolated in Paraná, Brazil, in 

order to contribute to the study of the establishment 
of its infectious cycle.  
 
MATERIAL AND METHODS 

 
Insects and Inoculation 

Hybrid fourth instar B. mori larvae were 
obtained from a silk spinning company producing 
larvae for commercial purposes in the State of 
Paraná, Brazil. They were packed in polyethylene 
breeding boxes (28 x 20.5 x 10 cm ), kept in a 
breeding room and fed with fresh mulberry leaves 
(Morus sp.) three times daily.  

The viral inoculum of BmNPV, 
geographically isolated in Paraná, Brazil, (GenBank 
accession number EU251694.1) was obtained from 
previously infected larvae and kept at a temperature 
of - 4°C (BRANCALHÃO et al., 2002). The viral 
suspension was quantified in a Neubauer chamber 
with a concentration of 2.8 x 107 POBs/mL (POBs = 
polyhedral occlusion bodies).  

Viral inoculation was performed on 50 
larvae, which had fasted for 24 hours after ecdysis 
from the fourth to the fifth instar. The choice of this 
stage of development was due to the high 
metabolism of the insects, which is required for the 
energetic reserves necessary for metamorphosis and 
the construction of the cocoon. Furthermore, the 
size of the insects was appropriate for dissection. 
Mulberry leaf discs, 2 cm in diameter, were 
previously sprayed with 10 µL of viral suspension 
(2.8 x 107 POBs). In the control, an equal number of 
larvae were fed leaf discs containing only water.  

After ingesting the discs, the larvae (both 
inoculated and control) were placed in polyethylene 
boxes where they received routine feeding, free 
from the virus.  

 
Light Microscopy 

The larvae were randomly selected from the 
fourth to the ninth day post-inoculation (dpi); they 
were anesthetized in a freezer for about 5 min, and 
then placed in a tube with cotton soaked in ethyl 
ether, and then dissected. The MT were removed 
and sectioned in the ampullae region, proximal, 
medial and distal. They were then packaged in 
individual vials containing Dubosq Brazil fixative 
(BEÇAK; PAULETE, 1976) for 24 h at 4°C. 

The MT samples were then submitted to the 
routine histological process for paraffin embedding 
(BRANCALHÃO et al., 2009). The slices  were 
made using an Olympus CUT4055 microtome, 7 
µm in thickness, and the slides that were obtained 
were subjected to hematoxylin-eosin (HE) staining 
(JUNQUEIRA; JUNQUEIRA, 1983) for 
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morphological analysis, and modified Azan for viral 
occlusion bodies (HAMM, 1966). The control slides 
were subjected to the same preparations that were 
used for the inoculated material. After analysis, the 
images were obtained using an Olympus BX60 light 
microscope. The schematic representation of the 
transition area of the ampullae was performed using 
the Paint Tool SAI software program. 

 
Transmission Electron Microscopy 

For the transmission electron microscopy, 
the regions of the MT were sectioned and placed in 
previously identified individual vials containing 
modified Karnovsky fixative. They were fixed in 
2.5% glutaraldehyde and 4% paraformaldehyde in 
0.1M phosphate buffer at pH 7.3 (KARNOVSKY, 
1965). They were then washed three times in 0.1M 
phosphate buffer solution (pH 7.3) at intervals of 5 
min each. Post-fixation was performed with 1% 
osmium tetroxide in the same buffer for 2 h. The 
segments were washed three times in distilled water 
for 5 min each and then immersed in 0.5% uranyl 
acetate for 2 h. 

Dehydration was performed in solutions of 
50% and 70% acetone, twice for 10 min each, and 
three times for 15 min in concentrations of 90% and 
100%. The regions were embedded in resin mixture 
(Araldite®) and 100% acetone (1:1) at room 
temperature and in pure resin with polymerization in 
an oven at 60°C for 48 h. Sections of 60-80 nm were 
made in ultramicrotome, and stained with alcoholic 
solution (50%), saturated with uranyl acetate for 20 
min, and lead citrate for 10 min. 

The examination and photographic 
documentation of the material was performed using 
a Philips CM100 transmission electron microscope 
at the Electron Microscopy Center of the Institute of 
Biosciences, Paulista State University, "Júlio de 
Mesquita Filho", Botucatu SP, and with  a Zeiss 
EM900 equipment at the Central Complex for 
Research Support of the State University of 
Maringá, Paraná.  

 
RESULTS AND DISCUSSION 

 
The cytopathogical analyses of the regions 

of MT of B. mori revealed differences in 
susceptibility to BmNPV.  In the proximal, medial 
and distal regions no evidence of viral infection was 
observed at any of the analyzed times, while in the 
ampullae, in the transition area to the proximal 
region, infected cells were found from the sixth dpi 
(Figure 1). 

The transition area is a small region located 
at the end of the ampullae and the beginning of the 
proximal tubule region, whose cell morphology 
showed a continuous variation from squamous, 
which was characteristic of the ampullae, to 
cylindrical in the continuation with the proximal 
region. The distinction between the transition area 
and the proximal tubule region was easily identified 
due to the abrupt change in cell morphology, as 
indicated in Figure 1. The ampullae and its 
transition area were covered, on the apical surface, 
by the intima and supported by the basal lamina.  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 1. Schematic representation of the transition area (At) at the end of the ampulla (Am) and the start of 

the proximal region (Pr) of the Malpighian tubules of fifth instar B. mori larvae. Hemocoel (He), the 
tubule lumen (Lu) nucleus (Nu), cytoplasm (Cy) microvilli (Mi), intima (In), basal lamina (Bl), 
trachea (Tr), circular muscle (Mc) and longitudinal muscle (Ml). In detail, electron micrograph of 
transition area of ampullae with viral polyhedra (in red) in the cell nucleus. Modified Azan staining. 
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The presence of this transition area in the 
ampullae of MT has not been previously described 
in B. mori or other Lepidoptera. In the same way as 
other transition areas present in the insect's body, it 
is a target for BmNPV. Ribeiro et al. (2009) 
reported on the infection of the cardia, the transition 
area between the anterior and middle intestines of B. 

mori from the sixth dpi. Baggio et al. (2014) 
investigated the infection of the anterior area of the 
posterior interstitial ring of the pylorus, which 
marks the transition between the middle and 
posterior intestine, from the fifth dpi. The 
occurrence of infections by pathogenic 
microorganisms in transitional epithelia has also 
been reported in humans. Koss (1987) analyzed the 
papillomavirus infection of the transition zone in the 
squamocolumnar junction of the cervix, the 
epithelium of which varies from columnar to 
squamous, and justifies its propensity to infection 
due to rapid cell divisions that occur in the area.   

The infection of the transition area of the 
ampullae of MT of B. mori is caused by BV that 
reach the organ via the tracheal system and 
hemolymph; BV are considered to be important 
dispersers of infection by AlphaBV in the bodies of 
insects (BRANCALHÃO et al., 2009; SOARES; 
RIBEIRO, 2005). The presence of a common 
lymphatic system in the tracheae permits a channel 
for the flow of BV to different tissues, which makes 
viral spread faster (ENGELHARD et al., 1994). 

In the case of infection via hemolymph, the 
BV must cross the basal lamina, which is considered 
by many authors to be a semi-permeable barrier that 
acts as a selective filter to the passage of 
macromolecules (MEANS; PASSARELLI, 2010; 
RAHMAN; GOPINATHAN, 2004; SNODGRASS; 
EICKWORT, 1993) and pathogens such as virions 
(DOURADO et al, 2011; PASSARELI, 2011). 
Recent studies have shown that the basal lamina is a 
dynamic structure and that during the stages of its 
synthesis and degradation small pores occur, which 
allow the entry of virions (PASSARELLI, 2011).  

Passarelli (2011) also discusses the fact that 
baculovirus encode a viral fibroblast growth factor 
(vFGF) that is contained in AlphaBV and which is 
involved in the passage of virions through the basal 
lamina. In the case of midgut cell infection the 
vFGF diffuses through the basal lamina, activating 
the receptor for FGF in the tracheal cells. These 
signaling events lead to the activation of caspases, 
which move through the extracellular medium and 
degrade the laminin of the basal lamina. This event 
allows the passage of BV, which results in infection 
of the tracheal cells that aerate the organ. This same 
mechanism may allow the dispersion of BV to other 

tissues in the insect's body, as in the case of 
transition area of the ampullae of the MT.  

The cytopathological examination of the 
transition area of the ampullae showed hypertrophic 
nuclei at different stages of the infectious cycle 
(Figure 2), which is a characteristic of the 
asynchronous replication of the virus 
(BRANCALHÃO, 2002; ROHRMANN, 2013). 
Initially it was possible to identify the formation of 
viroplasm or virogenic stroma (Figure 2B) a 
synthesis site of viral DNA and the assembly of the 
capsid, which gives rise to the nucleocapsids, 
followed by their enveloping, which results in 
enveloped nucleocapsids or virions (ADAMS; 
MACCLINTOCK, 1991). This process of viral 
enveloping occurs through microvesicles that are 
derived from the inner nuclear membrane and which 
are modified by the presence of viral proteins 
(ROHRMANN, 2013). Virions with one or more 
nucleocapsids per envelope were observed in the 
infected nucleus (Figure 2B), similar to what was 
reported by Brancalhão et al. (2009), who observed 
up to 11 nucleocapsids per envelope.  

After the formation of the virions, the 
development of polyhedra occurred between the 
viroplasm and the nuclear envelope (Figure 2C) 
through the aggregation of the virions around the 
protein matrix of the polyhedra, which crystallized 
(ROHRMANN, 2013). Small-sized polyhedra, 
without defined geometric shape and which were 
non-enveloped were visible in the nuclei of infected 
cells, while others cells had larger polyhedra, with 
envelope and a defined geometric shape (Figure 2A, 
C and D). Brancalhão et al. (2009) classified these 
polyhedra as immature and mature, respectively; the 
geometric shape is provided by the envelope. The 
envelope or "calyx" acts to protect the virions, 
preventing their loss to the external environment 
(GROSS et al., 1994) and prevents the aggregation 
of the polyhedra (LIANG et al., 2013).  

Variations in the size and quantity of the 
polyhedra were found in the infected nuclei. 
Torquato et al. (2006) measured the BmNPV of 
polyhedra, whose diameter varied from 2.5 to 4.5 
µm, and they described their characteristic 
geometric shape as being a truncated octahedron, 
however, they also discussed the presence of other 
shapes such as triangular, tetrahedral and 
hexahedral. Hong et al. (2000) found that the 
geometry of the BmNPV polyhedron was the result 
of genetic variation; according to Cheng et al. 
(2012) and Katsuma et al. (1999) this may be related 
to the occurrence of mutations in the polyhedrin. 
Torquato et al. (2006) noted that the positions of the 
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polyhedron in microscopic preparations provide 
different angles, which increases this variation. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Electron micrographs of epithelial cells of the transition area of ampulla and the proximal region of 
the Malpighian tubules of fifth instar B. mori larvae inoculated with BmNPV, sixth dpi (A-E). In A: 
nuclei (Nu) infected with polyhedra at different stages of development, immature (*) and mature (P), 
citoplama (Cy), cytoplasmic spaces (Cs) and intima (In), 2 µm. In B: nucleus with viroplasm (V), 
single enveloped nucleocapsid (black arrow) and multiple nucleocapsids (white arrow), 0.4 µm. In C: 
nucleus containing immature polyhedra (*), the presence of membranous structures (arrowhead) and 
nucleolus (Nc), 1 µm. In D: mature polyhedra (P) and electron-lucent regions (El), 1 µm. In E: control 
material for comparison, cytoplasm (Cy), nucleus (Nu) and heterochromatin (H), 1 µm. 

 
 
Electron-dense membranous structures were 

identified in the infected nuclei, (Figure 2C), which 
seemed to be precursors of the polyhedron envelope 
(WILLIAMS et al., 1989) and the electron-lucent 

regions (Figure 2D) connected with the 
disintegration of the nucleoplasm (VAN OERS; 
VLAK, 1997). According to Carpentier et al. (2008) 
both these events are associated with the action of 
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p10 multifunctional protein, which acts in the 
assembly of polyhedra, the disintegration of the 
nuclear envelope, and cell lysis.  

At the end of the infection cycle the 
cytolysis of infected cells released mature polyhedra 
in the extracellular medium as well as hemocoel and 
lumen in the ampullae of the MT (not shown). Cell 
lysis is a characteristic of BmNPV infections 
(BAGGIO et al., 2014; RIBEIRO et al, 2009; 
VESSARO-SILVA et al., 2014) and due to luminal 
continuity the polyhedra can easily reach the 
intestine. According to Vessaro-Silva et al. (2014), 
one of the typical signs of infection by the BmNPV 
virus is the release of the virus into the environment 
through the anus, which enables the horizontal 
transmission of the disease. In this regard, Potrich et 
al. (2007) and Liang et al. (2013) call attention to 
the importance of disease control measures that 
when larvae are identified with signs of nuclear 
polyhedrosis sericulture producers should eliminate 
them, thereby limiting or preventing the spread of 
the pathogen, as well as disinfecting the 
environment. 

As previously mentioned, in this study it 
was possible to verify the absence of infection in the 
proximal regions (Figure 1), as well as middle and 
distal regions of the MT by BmNPV, which may 
have been related to defense mechanisms whose 
genetic basis are still almost unknown (FAN et al., 
2013; QIN et al., 2012). Adams and McClintock 
(1991) noted that the absence of infection in some 
cells is due to the differential expression of viral 
genes inserted into the genome of the host cells, 
given that the NPV present asynchronous 
replication. Rohrmann (2013) attributes the 
resistance of specific cell types to the expression of 
beta-N-acetylglucosaminidase-2 and aminoacylase 
proteins, which influence the activity of the fusion 
protein of the GP64 viral envelope, changing the 
infective capacity of the BV.  

Cordeiro et al. (2008) also reported the 
absence of infection in the MT cells of Anticarsia 

gemmatalis (Lepidoptera: Noctuidae) larvae that 
were infected with recombinant AgMNPV 
baculovirus. However, they also described the 
premature degeneration of the MT with 

morphological changes in the epithelium, which was 
possibly due to apoptosis resulting from impaired 
oxygenation and nutrient transport to the MT. This 
impairment was due to the infection of the trachea 
and hemocytes, which especially affects tissues and 
organs with high metabolic activity. The early 
degeneration of the MT has also been observed by 
other authors (FLIPSEN et al, 1995; SOARES; 
RIBEIRO, 2005), which may have been related to 
the asynchronous replication of baculovírus 
(BRANCALHÃO et al., 2002). 

However, Chakrabarty et al. (2012) 
demonstrated the infection of the MT of B. mori by 
BmNPV with changes in the epithelium tissue and 
the presence of the OB and BV virus in the apical 
surface of the cells. The different response to the 
infection of MT in the aforementioned study may 
have been related to the viral geographic isolate that 
was used because, according to Adams and 
McClintock (1991), Fan et al. (2007) and Liang et 
al. (2013), geographic isolates may present genetic 
variation that affects their virulence. In addition, the 
race and the lineage of B. mori that are used are 
factors to be considered because they contribute to 
differential response to infection (YAO et al., 2003). 

Thus, the infection of transition areas, such 
as the ampullae of the MT of B. mori, to BmNPV, 
coupled with other known targets, negatively affects 
the hydroelectrolytic homeostasis of hemolymph 
and the elimination of toxic substances, which 
affects the insect's metabolic balance and which 
results in consequences for silk production and 
damage to the sericulture sector. 
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RESUMO: Alphabaculovirus é um gênero de vírus entomopatogênico, cuja espécie Bombyx mori 

nucleopolyhedrovirus (BmNPV) infecta o bicho-da-seda, Bombyx mori, inseto importante na indústria sericícola. Um 
isolado geográfico do BmNPV foi identificado no estado do Paraná, Brasil, infectando lagartas de B. mori e vários órgãos 
e tecidos alvos foram identificados; entretanto, não há informações sobre a infecção do túbulo de Malpighi (TM). O TM 
compõe o sistema excretor de B. mori, atuando na eliminação de substâncias tóxicas e na homeostase hidroeletrolítica. 
Assim, o presente estudo, analisou a susceptibilidade e a citopatologia do TM de B. mori ao BmNPV. Para tanto, lagartas 
híbridas de 5° instar foram inoculadas com uma suspensão viral e em diferentes dias pós-inoculação (dpi), segmentos do 



709 
Ampullae infection...        SANTORUM, M. et al  

Biosci. J., Uberlândia, v. 33, n. 3, p. 703-712, May/June. 2017 

TM foram coletados e subdivididos nas regiões da ampola, proximal, média e distal; sendo processados para análises em 
microscopias de luz e eletrônica de transmissão. As regiões do TM revelaram diferenças na susceptibilidade ao BmNPV e 
a ampola, na sua área de transição, foi infectada a partir do 6° dpi, já as demais regiões não revelaram quaisquer indícios 
de infecção. A área de transição da ampola, ainda não havia sido descrita em lepidópteros e sua citopatologia revelou 
núcleo hipertrófico com viroplasma, seguido da formação e desenvolvimento dos poliedros virais, características comuns 
das infecções pelo Alphabaculovirus. Assim, a infecção da ampola do TM de B. mori ao BmNPV, somada a de outros 
alvos conhecidos, compromete o equilíbrio metabólico do inseto, com consequências na produção de seda e prejuízos ao 
setor sericícola. 
 

PALAVRAS-CHAVE: Baculovírus. Bombyx mori. Bicho-da-seda. Citopatologia. Lepidoptera. Sistema 
excretor. 
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