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ABSTRACT

In Egypt, strawberry is an economically important crop that has recently been destroyed by Pentodon
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rupture of fat bodies, which leads to the loss of stored energetic materials; the distortion of muscle
sarcolemma and fibers resulting in weakness and softness; the tracheal cuticular layer destruction, which
inhibits breathing; midgut rupture with cells detaching from each other; irregular cytoplasm distribution; the
loss of the columnar shape of cells; the appearance of vacuoles between cells, which results in their inability
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ABSTRACT

In Egypt, strawberry is an economically
important crop that has recently been destroyed
by Pentodon algerinum, a  worldwide
polyphagous destructive insect pest. This study
aimed to distinguish, for the first time, the
histopathological and morphological effects of
Spodoptera littoralis Nuclear polyhedrosis virus
(SpliNPV) and Pentodon algerinum Nuclear
polyhedrosis virus (PNPV) on Pentodon
algerinum third instar larvae to confirm their
success as safe alternative control agents against
this pest. The results showed that PNPV and
SpliNPV affected Pentodon larvae by the same
effects in causing the following: integument
deformation and rupture; the destruction of the
hypodermal layer resulting in the inhibition of
the process of molting into the pupa stage,
reducing pest survival; larva leg corrosion,
which prevents its spreading; the rupture of fat
bodies, which leads to the loss of stored energetic
materials; the distortion of muscle sarcolemma
and fibers resulting in weakness and softness;
the tracheal cuticular layer destruction, which
inhibits breathing; midgut rupture with cells
detaching from each other; irregular cytoplasm
distribution; the loss of the columnar shape of
cells; the appearance of vacuoles between cells,
which results in their inability to feed or to
digest; the swelling, softness, liquefaction, and,
lastly, death of the larva. Thus, PNPV and
SpliNPV were effective against the Pentodon
larva and caused various physiological changes
that disrupted its normal functions, leading to
the collapse of its population. Hence, PNPV and
SpliNPV can be recommended as eco-friendly
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safe alternative biological control agents against
Pentodon algerinum.
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|.  INTRODUCTION

The strawberry (Fragaria ananassa) is of high
nutritional value and great economic importance.
(Francesca et al., 2012). In 2014, Egypt ranked 4™
globally in the quantity and quality of strawberry
production. (FAO, 2016). Furthermore, in
2016—2019, Egypt ranked 6" among the top 10
producers of strawberries worldwide
(FAOSTAT, 2021).

Pentodon algerinum is a ubiquitous agricultural
polyphagous insect pest that has recently been
destroying strawberry in Egypt. Pentodon larvae
are known as the waste organic manure larvae
(White grubs).The larva has a brown head and a
thick large arched yellowish body (Abd El-Salam,
2019; Ramadan and Mahmoud, 2021). The larvae
live in sandy soil around the roots of plants in a
curved shape, forming the letter “C,” and feed on
organic matter and plant roots or tubers, causing
the plant to wilt and die rapidly (Abd El-Salam
2019; Samah et al., 2021).

The use of chemical pesticides causes health
problems to humans, toxicity to domestic animals
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and beneficial insects, also causes resistant insect
development to traditional pesticides and
increases environmental pollution (Abd El-Salam
et al.,, 2013; Parra, 2014). As such, there is a
strong need to find alternative pesticides for
insect pest control such as entomopathogenic
baculoviruses (Samabh et al., 2019, 2021).

The development of baculoviruses (including
nuclear polyhedrosis virus) as biological
insecticides is required for maintaining food
safety and ecological security (Zhao et al., 2019;
Abid et al., 2020a, 2020b; Qayyum et al., 2020;
Wilson et al., 2020; Yasin et al., 2020).

Baculovirus cannot infect humans because it
needs an alkaline-based cell structure to replicate
itself, whereas the human cell structure is
acidic-based. Also, it requires complementing
with its specific receptor sequence on the insect
target cell surface for its entry to initiate infection.
This receptor is not found in humans. Virus
receptor complementing is too specific on both
the species and the cell type infected by a given
virus. Therefore, baculoviruses are safe alternative
biological insect pest control agents such as
Nuclear Polyhedrosis Virus (NPV) by virtue of
their having double-stranded DNA and being
highly specific to their host insects (Salama et al.,
2017; Samah et al.,, 2019, 2021; Masson et al.,
2021).

Baculoviruses block molting and interfere with
normal development, causing a weak expression
of the ecdysteroid UDP (Uridine diphosphate)
glucosyltransferase gene that encodes the
ecdysteroid UDP-glucosyltransferase enzyme,
which induces the transfer of glucose from
UDP-glucose to ecdysteroids, insect molting
hormones (O’ Reilly, 1995).

Studies on the histopathological effect of the
Zetheniaru fescentaria Nuclear Polyhedrosis
Virus (ZrNPV) on the Zetheniaru fescentaria
Motsch larvae have confirmed that ZrNPV
multiplies within the nuclei of epidermal cells, fat
bodies, blood cells, the tracheal matrix, and
midgut cells, destroying them in the process
(Daibin et al., 1999).

Histopathological studies on the effects of the
Diaphania pulverulentalis Nuclear Polyhedrosis
Virus (DpNPV) on Dp larvae have revealed that
the midgut infected by NPV was characterized by
hypertrophy of virions-filled nuclei and, therefore,
the death of leaf Webber larvae (Pachiappan et al.,
2018).

This study aimed to distinguish, for the first time,
the histopathological and morphological effects of
Spodoptera littoralis Nuclear polyhedrosis virus
(SpliNPV) and Pentodon algerinum Nuclear
polyhedrosis  virus (PNPV) on Pentodon
algerinum third instar larvae to confirm their
efficacy as eco-friendly safe alternative biological
control agents against Pentodon algerinum.

. MATERIALS AND METHODS

2.1 Production and isolation of Nuclear
Polyhedrosis virus

The original Nuclear Polyhedrosis virus (NPV)
types were produced and isolated from infected
Spodoptera littoralis larvae as SpliNPV and from
infected Pentodon algerinum larvae as PNPV by
Samah M.M. Abd EL-Aziz (Salama et al., 2017;
Samah et al., 2019, 2021) at the laboratory of
Pests & Plant Protection Department, National
Research Centre, Egypt, and stored at -20°C till
use.

2.2 The Histopathological and Morphological
investigations of the effects of PNPV and Spli NPV
on the Strawberry pest, Pentodon algerinum

Third instar larvae infected by PNPV and SpliNPV
were investigated histopathologically and
morphologically until death.

221 The histopathological investigation was
made according to (Prophet et al, 1992) as
follows

Tissue processing, which entails dehydration,
clearing, and infiltration, took 3—ghours.

The sample was rinsed briefly in running water,
with the passage of the sample through ethyl
alcohol (80%) if necessary, followed by its passage
through Ethyl alcohol (95%) for three time
changes (15—20minutes per time change),
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followed by its passage through pure ethyl alcohol
for 15minutes, through equal portions of absolute
ethyl alcohol and xylene for 15minutes, through
Xylene for two time changes (15minutes per time
change), through paraffin for three time changes
(15minutes per time change), through paraffin in
a vacuum for 15-20minutes, and then
embedding.

The fixation by Harris’ hematoxylin and Eosin
procedures took a maximum of three hours:

Fixation: In Bouin’s or Zenker’s solution (10%
buffered neutral formalin).

Sections:  Paraffin, frozen or celloidin,

3—20micrometers.

Solutions: Acid alcohol (1%), Ammonia water,
saturated Lithium carbonate, FEosin-Phloxine
solution, Harris’ hematoxylin (5g of hematoxylin,
soml of ethyl alcohol (100%), 100g of potassium
or ammonium, alum, 1000ml distilled water, and
2.5g of mercuric oxide, red).

Slides are Deparafinized and dehydrated to
distilled water with Dezenkerizing (if necessary)
before staining, followed by staining in freshly
filtered Harris’ hematoxylin for 6—15 minutes,
then Washing in running tap water for
2—15minutes, differentiating in acid alcohol (1%)
with 1—2dips, then washing briefly in tap water,
placing in weak ammonia water or saturated
lithium carbonate solution until the sections are
bright blue, washing thoroughly in running tap
water for 1ominutes, placing in ethyl alcohol
(80%) for 1-2minutes, counterstaining in
Eosin-Phloxine solution for 2minutes,
dehydrating and clearing through two changes,
each of ethyl alcohol (95%), absolute ethyl
alcohol, and xylene (2minutes each), and then
mounting with resinous media.

The slides were investigated and photographed
under a light microscope.

2.2.2 Morphological investigation

Morphological investigation was carried out by
recording and photographing any malformation
noticed after infection till death.

Ill.  RESULTS

This study revealed that PNPV and SpliNPV had
the same histopathological and morphological
effects on this pest larva.

3.1. Histopathology of NPV- infected Pentodon
larva integument.

The infected larva integument appeared filled
with NPV viral particles. Also, it was deformed
and ruptured compared with the healthy larva,
leading to leg corrosion as morphological
malformation (Figs. 12a, b, ¢, d, e, f) compared to
the normal larva (Figs. 11a, b), preventing this
pest from spreading. The destruction of the
hypodermal layer was also  observed.
Furthermore, the irregular shape of the cuticular
layer and its detachment from the underlying
hypodermal layer was recorded (Figs. 2a, b, c, d,
e) compared with normal integument (Figs. 1a, b,
¢). The destruction of the hypodermal layer led to
the inhibition of the process of molting to the
pupa stage; therefore, the rate of survival of this
pest was reduced. On the other hand, normal P.
algerinum larvae molted to the pupa stage, then
to the adult stage (Figs. 11c, d).

3.2 Histopathology of NPV-infected fat bodies

The infected larva fat bodies lost both adipocytes
& fusion of lobules, leading to the collapse of the
lobular architecture. They lost waste granules and
they were filled with viral particles. Also, there
was shrinkage of the fat bodies with vacuoles
between cells with unclear nuclei and rupture of
the cell sheath (Figs. 4a, b, ¢, d, e, f, g) compared
with normal fat bodies (Figs. 3a, b, ¢, d, e);
therefore, energy reserves were lost, leading to the
dryness of the infected larva as a morphological
symptom (Fig. 12g, h, i) compared to the normal
larva (Figs. 11a, b).

33 Histopathology of NPV-infected larval

muscles.

The infected larval muscles were filled with NPV
and appeared with irregular shapes of
sarcolemma with fissure-like appearances. The
fibers were also distorted and not compacted
(Figs. 6a, b, ¢, d, e) compared with normal
muscles (Figs. 5a, b). Thus, weakness and softness
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were the resulting morphological symptoms (Fig.
12a, b, ¢, d, e, f, g, h, i) in the infected larvae
compared to normal larvae (Figs. 11a, b).

3.4 Histopathology of the NPV-infected Pentodon
larva's tracheal matrix

The infected larva’s tracheal matrix was filled with
Nuclear Polyhedrosis virus, also had a crushed
cuticle layer and acute necrosis around it (Figs.
8a, b, ¢, d) compared with the normal tracheal
matrix (Figs. 7a, b). Therefore, the inability to
breathe occurred as a result.

3.5 Histopathology of the NPV-infected Pentodon
larva's gut region

The infected larva’s gut region was filled with viral
particles and appeared with no distinguishing of
any cells. Also, the midgut was destroyed with the
detachment of cells from each other, the irregular
distribution of the cytoplasm, cells losing of their
columnar shape, and the appearance of vacuoles
between cells (Figs. 10a, b, ¢, d) compared with
the normal midgut (Figs. 9a, b, c). All these
caused the inability of NPV-infected larva to feed
or to digest, which leads to swelling, softness, and
liquefaction as morphological effects caused by
the virus (Figs. 12j) compared to the normal
larvae (Figs. 11a, b). All these culminate in the
death of the infected larvae.

3.6. Morphological investigation

Morphological investigation revealed that PNPV
and SpliNPV infection had the same signs and
symptoms, including corrosion of the legs of the
larva, which decreases its spreading and causes
dryness, weakness, swelling, softness,
liquefaction, bursting, and, finally, the death of
these larvae. Also, the process of molting to the
pupa stage was inhibited, leading to the
interruption of the life cycle of this pest, which
represents impairment in the survival of the
species. A comparison of the interrupted life cycle
to the normal life cycle of the larva is seen in
(Figs. 12a, b, ¢, d, e, f, g, h, 1, j) vs. (Figs. 11a, b, c,
d).

V. DISCUSSION

All these findings are in line with those of the
following studies:

Baculovirus inhibits the process of molting and
causes the weak expression of the ecdysteroid
UDP (Uridine diphosphate) glucosyltransferase
gene that encodes the ecdysteroid UDP-
glucosyltransferase enzyme that induces the
transfer of UDP-glucose to ecdysteroids, the
insect molting hormone (O’ Reilly,1995).

The histological investigation of Zethenia
rufescentaria Motsch larvae after infection by
ZrNPV under optical and electron microscopes
indicated that ZrNPV destroyed fat bodies,
epidermis cells, tracheal matrix, midgut cells, and,
blood cells. These cells indicate major cytopathic
effects, and their nuclei were fulfilled with NPV
viral particles and were swollen (Daibin et al.,

1999).

The midgut epithelial cells of Diaphania
pulverulentalis Nuclear Polyhedrosis Virus
(DpNPV)-infected larvae had irregularly shaped
hypertrophied nuclei filled with large numbers of
polyhedral bodies compared to normal nuclei.
(Deng et al., 1991; Yan et al., 1991; Yu et al., 1993;
Sanjaya et al., 2010). ZrNPV had a strong efficacy
indoors and in the field in rapidly causing viral
epidemic disease among insect hosts in a large
area of the forest (Daibin et al., 1999). ZrNPV
could also infect the muscular sheath, nerve
sheath, and pericardial cells (Huang 1987; Zhang
1988).

The histological and ultrastructure investigations
of the Nuclear Polyhedrosis Virus- infected
webbing clothes moth (Tineolabis selliella) under
the electron microscope showed that NPV
Polyhedra replicated in the nuclei of the cells of
the foregut, midgut, hindgut, cardiac valve,
pyloric valve, Malpighian tubules, muscle, ganglia
of the ventral nerve cord, fat bodies, tracheae, and
hypodermis. Also, virions are transported from
the gut lumen in vesicles through the cytoplasm
into the nuclei of columnar cells, and then they
take a part of the membrane to be occluded in a
polyhedral protein (Hunter et al., 1973).
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The histopathology of the Nuclear Polyhedrosis
Virus-infected Almond Moth (Cadra cautella)
indicated that NPV replication was primarily and
mainly in the nuclei of the hypodermis, fat body,
tracheal matrix, blood cells, Malpighian tubules,
the epithelial & connective tissues, the nervous
system, the reproductive organs, muscles, and the
frontal midgut cells that secret the peritrophic
membrane (Jean et al., 1968).

Histopathological studies of the Diaphania
pulverulentalis Nuclear Polyhedrosis Virus
(DpNPV)-infected larvae revealed more infection
with NPV in the midgut, which was distinguished
by the hypertrophy of nuclei filled with virions
causing the death of leaf Webber larvae. Due to
DpNPV-  restricted host specificity and
non-toxicity to beneficial insects, it could be used
as a safe biopesticide for the management of leaf
Webber in the mulberry ecosystem (Pachiappan et
al., 2018).

While there are few studies by other authors on
the virus experimenting on coleopteran insects
such as (Alois, 2005) who studied the effect of the
Oryctes virus on Oryctes rhinoceros (Coleoptera:
Scarabaeidae). This isolated virus was the first
non-occluded, rod-shaped insect virus that
resembled the baculoviruses morphologically. He
studied the virulence and histopathology of this
virus, confirming that it was infectious to larvae
by oral application; therefore, massive
disintegration and vacuoles of fat body tissue of a
virus-infected third instar larva were observed.

Insects that are killed by baculoviruses are
shiny-oily colored and crawl to the plant top
where they die and decompose. The infected
larvae are liquefied and rupture, releasing
infective viral particles (Ramanujam et al., 2014;
Devi et al, 2016). Also, there are many
distinguishing symptoms such as sluggishness,
skin discoloration, regurgitation of fluids, wet
droppings, and larvae hanging upside down in the
top of the plant, which is known as tree top
disease (Sharma and Srivastava, 2013; Devi et al.,
2016). Other insects can be infected by eating
contaminated foliage with virus-ruptured larvae
(Ramanujam et al., 2014).

V. CONCLUSION

Strawberry is an economically important plant in
Egypt. The white grub, Pentodon algerinum
(Coleoptera: Scarabaeidae) is a dangerous
worldwide pest of several important plants
(recently including strawberry in Egypt) and has
caused massive destruction of the crop. This study
aimed to distinguish, for the first time, the
histopathological and morphological effects of
Spodoptera littoralis Nuclear polyhedrosis virus
(SpliNPV) and Pentodon algerinum Nuclear
polyhedrosis  virus (PNPV) on Pentodon
algerinum third instar larvae to confirm their
success as eco-friendly safe alternative biological
control agents against Pentodon algerinum. The
results confirmed that PNPV and SpliNPV were
effective against the Pentodon larva and caused
various physiological changes disrupting its
normal functions, leading to the collapse of its
population. PNPV and SpliNPV are not harmful to
humans and other animals and are also
host-specific; ~ therefore, they can  be
recommended as eco-friendly safe alternative
biological control agents against Pentodon
algerinum.
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Figure legends
Figure 1 The histology of normal integument of P. algerinum larva

Epivnride
Cuisels

Frommds

Omoipies

tarmanp
it by ol
Ak bty

Hypodermis
{Epidermal cells}

Figs. 1a, b, c: Longitudinal section of normal P. algerinum larvae showing a normal complete
integument structure and a normal hypodermal layer (Magnification = 200, 400x)

The normal integument is considered as a protective body covering, a surface for muscle attachment, a
water-tight barrier against desiccation, and a sensory interface with the environment. It is a
multi-layered structure with 3 important layers: The cuticle (consisting of an epicuticle (Cement, wax,
polyphenol and, Cuticulin layers) & procuticle (Exocuticle and Endocuticle)), hypodermis, and
basement membrane.

Figure 2 The histopathology of the NPV-infected P. algerinum larval integument after infection

Figs. 2a, b, ¢, d, e: Longitudinal section of the NPV-infected integument of the Pentodon larva showing
NPV particles and the discontinuity of the cuticle layer with undistinguished hypodermal cells
(Magnification = 200x).
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Figure 3 The histology of normal fat bodies of P. algerinum larvae
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Figs. 3a, b, ¢, d, e: Longitudinal section of the normal P. algerinum larva showing normal fat bodies
(Magnification = (200,400x)

The normal fat body consists of hexagonal contacted fat cells filled with storage materials. It has
complete cells with a completed structure, nucleus, and complete cell sheath. The fat body is the tissue
that occupies the spaces between the insect’s organs. It is composed of cells of mesodermal origin and
sometimes also contains ectodermic cells. It is identified as the perivascular layer, which is located
around the organs, and the parietal layer, which is located adjacent to the integument. It is responsible
for the storage of lipids, carbohydrates, and proteins, and for the synthesis of vitellogenins that are
important for the insect’s reproduction through their incorporation into the oocytes during
vitellogenesis.

Figure 4 The histopathology of fat bodies of the Nuclear Polyhedrosis virus (NPV)-infected P.
algerinum larva
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Figs. 4a, b, ¢, d, e, [, g: Longitudinal section of NPV-infected Pentodon larva fat bodies
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NPV-infected fat bodies lose both adipocytes and the fusion of lobules. The lobular architecture
collapsed. They were filled with viral particles and had no waste granules. Also, there was the shrinkage
of the fat bodies with vacuoles between cells with unclear nuclei and the rupture of the cell sheath.
Hence, energy reserves were lost. (Magnification = 200, 400x).

Figure 5 The histology of the normal muscular system of the Pentodon larva
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Figs. 5a, b: Longitudinal section of a normal P. algerinum larva showing normal muscles
(Magnification = 400x)

Normal muscle consists of many long fibers being compacted and surrounded by the sarcolemma
membrane. A muscle fiber is composed of many fibrils, which gives the cell its striated form. Each fibril
is subdivided into separate, smaller fibrils formed from a greatly organized array of myofilaments made
up of actin & myosin and alternating isotropic and anisotropic regions looking like light and dark bands
or disks under the microscope.

Figure 6 The histopathology of muscles of the NPV-infected P. algerinum larva

Figs. 6a, b, ¢, d, e: Longitudinal section of the NPV-infected Pentodon larva muscles (Magnification =
200, 400%)

NPV-infected larval muscles were filled with NPV and appeared with irregular shapes of the
sarcolemma with a fissured appearance; also, the fibers are distorted and not compacted.

The First Study on Nuclear Polyhedrosis Virus Histopathological and Morphological Effects on the Strawberry Pest, Pentodon
Algerinum (Coleoptera: Scarabaeidae)

m Volume 21 | Issue 6 | Compilation 1.0 © 2021 London Journals Press



Figure 7 The histology of the normal tracheal matrix of the P. algerinum larva

Figs. 7a, b: Longitudinal section of the normal P. algerinum larva’s trachea (tracheal matrix)
(Magnification = 200,400x).

The tracheal system is responsible for transporting sufficient oxygen (O,) to all body cells and for
removing carbon dioxide (CO,) produced as a waste product of cellular respiration. Histologically, the
trachea (tracheal matrix) comprises a cuticle layer, the epidermis, and a basement membrane, all of
which are directly continuous with similar layers forming the general body wall. All or most of the
cuticular lining of the trachea-spiracle system is usually shed during ecdysis. The P. algerinum larva
has a peripneustic respiratory system with spiracles in a row along each side of the body.

Figure 8 The histopathology of the NPV-infected tracheal matrix of the P. algerinum larva.
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Figs. 8a, b, ¢, d: Longitudinal section of the NPV-infected Pentodon larva’s tracheal matrix with a
crushed cuticular layer surrounded by acute necrosis. (Magnification = 200, 400x)

There was the destruction of the cuticular layer of the trachea filled with the Nuclear Polyhedrosis virus

(NPV).
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Figure 9 The histology of the normal midgut of the P. algerinum larva
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Figs. 9a, b: Longitudinal section in the normal Pentodon larva (Magnification = 400x) showing the
normal midgut region. GC = goblet cells, N = Nucleus, PM = Peritrophic membrane, Rc = Regenerative
cells, EC = Epithelial cells

Fig. 9c: Transverse section of the normal Pentodon larva showing: F = fat bodies, M = Muscles, Mg =
Midgut, L = Lumen of the midgut filled with (Pc = plant cells food) (Magnification = 100x).

The normal midgut appeared with the complete shape. The normal epithelial cells appeared with a
homogenous cytoplasm and a basic nucleus. The cells are attached and folded to form crypts. Goblet
cells (Gce) and regenerative cells (Rc) were also observed.

Figure 10 The histopathology of the NPV-infected P. algerinum larval midgut
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Figs10a, b, ¢, d: Longitudinal section of the NPV-infected Pentodon larva (Magnification = 200x) show
the NPV-infected destroyed midgut of the Pentodon larva and no distinguishing of any cells in the
NPV-infected gut region, a detachment of cells from each other, unformed distribution of the
cytoplasm, cells losing their columnar shape, and the appearance of vacuoles between -cells.
(Magnification = 200x).

Figure 11 The morphological investigation figures Normal Pentodon algerinum stages

c d

Fig. 11 a: Normal P. algerinum larvae under the plant root, Fig. 11b: Normal Pentodon larval instars
Fig. 11¢c: Normal Pentodon pupa, Fig. 11d: Normal Pentodon adult

Figs. 11a, b, ¢, d: Normal Pentodon algerinum stages

Figure 12 The morphological Symptoms of PNPV and SpliNPV-infected dead P. algerinum larvae
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Dryness, weakness, leg corrosion, and death
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Dryness, weakness, and death
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Figs. 12a, b, ¢, d, e, , g, h, i, j Morphological symptoms of PNPV and SpliNPV-infected dead P.
algerinum larvae

These images show that PNPV and SpliNPV caused the same symptoms in the larvae, including the
corrosion of the larva legs, which decreases its spreading and, also caused dryness, weakness, swelling,
softness, liquefaction, bursting, and, finally, the death of these larvae. Also, the process of molting to
the pupa stage was inhibited, leading to an interruption of the life cycle of this pest, which results in
pest survival reduction.
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