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Abstract

A nuclear polyhedrosis virus (GmMNPV) was isolated from the greater wax moth, Galleria mellonella L. (Lepidoptera:
Pyralidae) larvae from a dead laboratory colony. A semi-synthetic diet was used for rearing G. mellonella at room
conditions of 25-30 ‘C and 60-70% relative humidity. The polyhedral inclusion bodies (PIBs) of the virus were
extracted and bio-assayed versus larvae of L; of G. mellonella in 5 concentrations, i.e, 2 x 10%, 2 x 10°, 2 x 10°, 2 x
107, and 2 x 10® PIBs/ml mixed in the diet (1 ml:1 g). Histopathological study was carried out through a light
microscopy of 6-8 um cross sections in larvae fed on diet contaminated with the virus (2 x 108 PIBs/ml in 1 g diet).
The virus infected the nuclei in all organ cells of both ectodermal origins, e.g., hypoderm, tracheal epithelial cells,
cells of salivary glands, epithelial cells of fore- and hindgut, and those of mesodermal origin, e.g., fat bodies and
cortex of ganglia of the nervous system. Experimental protection of artificially infested beeswax foundations by
spraying (2 x 107 PIBs/ml) kept the wax foundations weight loss at 0.4% for 4 months storing, while those artificially
infested without virus treatment were completely devoured (100%) by larvae of the pest within 4 months due to
successive pest generations. This treatment is recommended for protecting the stored beeswax foundations and
combs as a safe alternative to the traditional hazardous chemical insecticides.

Background

Stored beeswax combs and wax foundations suffer eco-
nomic damage by larvae of both the greater wax moth,
Galleria mellonella L., and the small wax moth, Achroia
grisella Fab., which can also infest wax combs in bee
hives (Ibrahim et al. 1984). G. mellonella caused high de-
structive damage to beeswax combs in a very short time.
Larvae feed not only on wax but they consume also bee
cocoons, cast skins, and stored pollens beside spinning
heavy silk galleries to live in. Infestation pollutes combs
with larval debris and masses of webbings (Abou Bakr
and El-Shemy 1991). Traditional control of these pests
was concerned in the past by treatment of the stored
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beeswax material with hazardous chemical pesticides like
naphthalene, calcium cyanide, carbon dioxide, carbon
tetrachloride, dichlorobenzeneethylen, and dibromide
(Cantwell et al. 1972 and Morse 1980). Recently, the
need for ecologically safer alternatives to the chemical
insecticides drew the attention through the remarkable
success of using entomopathogenic microorganisms in
controlling many lepidopteran pest larvae with minimum
or without harm to bees, natural enemies, animals, and
human (Burges 1980, El Husseini 1981, Abou Bakr and
El-Shemy 1991, Omar et al. 2004, Mansour et al. 2010,
Metwally et al. 2011, and Essa et al.2015). The first nuclear
polyhedrosis virus attacking an economic pest in Egypt
was recorded by Abul Nasr (1956) in larvae of the cotton
leaf worm, Spodoptera littoralis (Boisd.) (Prodenia litura
F.), which successfully applied in the field (Abul Nasr
1959). Multi-embedded nucleopolyhedroviruses (MNPVs)
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of the family Baculoviridae proved highly effective in con-
trolling many lepidopteran pest larvae under both labora-
tory and field conditions which were summarized early by
Lacey et al. (2001) and recently by Grzywacz et al. (2017).
Multi-embedded baculovirus species have a wide host
range, and they are traditionally named after the insect
species from which they were first isolated (Elangbam
et al. 2016), such as SIMNPYV isolated first from S. litura
and Autographa californica MNPV (AcMNPV), Bombyx
mori NPV (BmNPV), Lymantria dispar MNPV
(LAMNPYV), and the greater wax moth Galleria mellonella
(GmMNPV) was first isolated from A. californica, B. mori,
L. dispar, and G. mellonella, respectively. Host range of
SIMNPV includes S. exigua, Trichoplusia, Autographa,
Helicoverpa, B. mori, G. mellonella, and many other lepi-
dopteran species (Elangbam et al. 2016). Previous cross in-
fectivity tests of Mudasir et al. (2014) support the wide
host range of MNPVs. The remarkable success of baculo-
viruses as biological agents lets Thézé et al. (2018) call
them “A treasure trove for future applied research”. That
the sun ultra violet rapidly inactivated the baculoviruses
applied on crops in the open fields (Elnagar et al. 2003),
this factor is absent indoors at the stores. Aim of the
present study is to investigate the pathogenicity of a nu-
clear polyhedrosis virus (GmMNPV) isolated from dead
larvae of G. mellonella and its pathogenicity and efficacy
in controlling this pest on stored wax foundation sheets.

Material and methods

G. mellonella larvae

A colony of G. mellonella was reared for many years at
the Center of Biological Control, Faculty of Agriculture,
Cairo University, Egypt, as model insect for different
traditional biological control and microbial control re-
search studies. The larval colony was reared on the
semi-synthetic diet described by Ibrahim et al. (1984)
and Metwally et al. (2012). The diet consisted of two
components; the first is in dry powdered form contain-
ing 20g corn flour, 10 g milk powder, and 90 g wheat
flour, and the second in fluid form of 20 ml bee honey
and 20ml glycerin. The dry components were well-
mixed together, and the two fluids together. Then, the
mixed fluids were added gradually to the dry mixed
components with continuous mixing to reach a wetted
paste that could be kept frozen till needed. The diet was
placed in metal boxes (14 x 30 x 15cm) because the
wax moth larvae chew the plastic containers. A diet layer
of 8-10-cm height was placed into the metal boxes, and
eggs of G. mellonella were placed on a piece of paper on
the diet surface. The boxes were covered by perforated
metal cover top and held in the rearing room at 25—
30°C and 60-70% relative humidity. The rearing room
was well equipped with ventilators to keep the
temperature under 30 °C due to the raised temperature
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of the rearing boxes caused by the developing larvae in-
side. Formed pupae attached to the rearing box cover
top were collected and transferred to a wooden cage of
50 x 50 x 50 cm with glass sides and a cloth sleeve door.
Emerged adults were collected through the sleeve door
with a small electric hover and placed in groups of ca 30
adult moths in 2-1 glass containers and covered with a
piece of paper secured in place by a rubber band. Fe-
males laid eggs mostly on the cover paper which was re-
placed daily, and the laid egg clusters attached to the
paper were cut using a scissor and placed on diet in new
boxes. The colony provided the needed numbers of lar-
vae in the desired instar for the tests.

G. mellonella virus (GmMNPV)

A sudden death of larvae in some rearing boxes revealed
typical symptoms of developed infection by a nuclear
polyhedrosis virus. Koch’s postulates were applied and
proved death of larvae by GmMNPV. Following the
technique described by Parthasarathy and Rabindra
(2002), the cadavers of larvae were macerated and ho-
mogenized in sterilized distilled water, and the crude
was passed for primary filtration through several layers
of muslin cloth. To remove the debris from the filtrate,
it was centrifuged at 900 rpm for 2 min, and the super-
natant was further centrifuged at 5000 rpm for 10 min.
The pellet of polyhedral inclusion bodies (PIBs) was re-
suspended in sterile distilled water for adjusting to 2 x
10® PIBs/ml using a hemocytometer and kept in a re-
frigerator at 4 °C till needed for the tests.

Bioassay of GmMNPV versus G. mellonella larvae (L3

Five concentrations from GmMNPV at 2 x 10% 2 x 10?,
2 x 10° 2 x 107, and 2 x 10® PIBs/ml were prepared in
sterilized distilled water. One milliliter of each concen-
tration was mixed in 1-g diet and spread in a thin layer
in glass Petri dish (5 cm in diameter). Ten larvae at the
3rd instar (L) were placed on the spread diet and left
feeding on for 24'h; thereafter, they were transferred
onto untreated diet and inspected daily. The treatments
were replicated 4 times using 50 larvae each. A control
was set in the same manner on untreated diet. Mortality
among treatments and control was recorded daily for 10
days post-treatment. The test larvae originated from a
new colony reared from disinfected eggs of G. mellonella
on the same diet in disinfected metal containers to en-
sure that they were healthy and not infected with the
virus.

Histopathological features

Larvae of G. mellonella fed on diet treated with
GmMNPV (2 x 10® PIBs/ml in 1g diet) were picked up
at the 5th and 7th day post-treatment and fixed in Buin’s
fixative. Fixed larvae were rinsed in 70% ethyl alcohol for
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6h and dehydrated in ascending ethyl alcohol concen-
trations of 80, 90, 95, and 100% each for 5 h, followed by
clearing in xylene for 12 h and transferred in xylene: par-
affin wax 2:1, 1:1, and two times each for 12h in pure
paraffin wax at 40 °C. The wax-impregnated larvae were
poured in blocks over iced water and trimmed for cross
serial sectioning by microtome at 6—8 microns. The ser-
ial sections were glued on glass slides by Mayer’ Albu-
min and left on a hot plate (30°C) for adhering. The
wax was removed by washing two times each for 20 min
in xylene. The sections adhered to the slides were hy-
drated in descending ethyl alcohol concentrations of
100, 95, 90, 80, and 70% each for 15 min and stained ei-
ther with eosin or hematoxylin and then, dehydrated in
ascending ethyl alcohol from 70 to 100% and cleared in
xylene before mounting in Canada Balsam and dried at
40 °C for 3 days. The prepared cross sections were exam-
ined by light microscope connected to a computer for
photography to show the polyhedral inclusion bodies of
the virus in cells of different tissues and disintegrated
cell contents in the body cavity of the infected larvae.

Control of G. mellonella on stored wax foundations by
GmMNPV

The possibility for controlling larvae of the wax moth
using GmMNPV (2 x 10”7 PIBs/ml) on stored wax foun-
dations was tested. Twenty sheets of beeswax founda-
tions previously sterilized by formalin vapor were
sprayed by the virus concentration using a hand
atomizer each on both sides and left standing vertically
for evaporation of the sprayed water leaving the PIBs on
the wax behind. Thereafter, they were placed horizon-
tally, and each received ca 200 eggs of G. mellonella and
left for 6 days to enable the newly hatched larvae to start
feeding and settle themselves on the wax sheets. The
treated wax sheets were stored vertically in a wooden
box at room temperature of 25-30°C and 60-70% RH.
Another surface-sterilized 20 wax sheets were sprayed
only with distilled water and received ca 200 eggs of G.
mellonella served as control. The infested wax sheets
harboring the larvae were planned to store for 12
months and were weighted together monthly, and the
loss percent was calculated. A blank control of the
healthy larvae without treatment was set up, and the
wax foundations were kept in similar wooden box under
the same storing conditions.

Results and discussion

Bioassay of GmMNPV versus G. mellonella larvae (L;)
Feeding larvae of G. mellonella in L; on diet contami-
nated with five different concentrations of the virus
GmMNPYV resulted in different mortality values started
at the 6th day after ingestion as presented in Table 1.
The 1st treatment (T;) with the lowest tested

Page 3 of 6

Table 1 Mortality percent among larvae (Ls) of G. mellonella on
diet treated with different concentrations of GmMNPV

GMMNPV Mortality % among 7 days after treatment

et aion 53 4 s 6 7 8 9 10
2% 10° o o0 o0 o0 0 0 60 78 89 96
2x10° o 0 O 0O 0 0 e 70 78 82
2x10° 0 0 0O 0 0 0 8 90 100
2x107 00 0 0 0 0 9 100

2% 108 o o o o0 o 0 92 100

Control 0 0 0 0 0 0 © 0 0 0

concentration (2 x 10? PIBs/ml) induced the lowest re-
corded larval mortality (60%) at the 7th day post-
treatment, that slightly increased to 78, 89, and 96% at
8th, 9th, and 10th days, respectively. Increasing the virus
concentration in the second treatment (T,) to 2 x 10°
PIBs/ml elevated the mortality value to 64% starting also
at the 7th day post-treatment which increased among
the next 3 days to reach 82% at the 10th day. Further in-
crease in the ingested concentrations at the treatments
T3, Ta and Ts (2 x 10% 2 x 107, and 2 x 10® PIBs/ml,
respectively) induced death in treated larvae at the 7th
day by 88, 90, and 92%, respectively; and reached the
100% mortality at the 8th and 9th days after treatment.
Further mortality increase in the 8th, 9th, and 10th days
reached 100% for the 3 highest tested concentrations
(Table 1). Meanwhile, no mortality occurred among lar-
vae of the control till end of the test; thus, corrected
mortality values in the treatments were not necessary to
calculate.

Histopathological features

Infected G. mellonella larvae subjected to histopatho-
logical study 6 and 7 days after ingesting the contami-
nated diet with the virus GmMNPV at a concentration
of 2 x 10® PIBs/ml proved the infection and replication
of the virus in all tissues of ecto- as well as of mesoder-
mal origin. The virus infected nuclei of all the hypoder-
mal cell layer showing them filled with the polyhedral
inclusion bodies (PIBs) before rupturing of the nucleic
membrane as seen in Fig. la and those of the fat body
(Figs. 1b and 2a). The nuclei of the tracheal epithelial
cells were also infected as site of virus replication showing
the PIBs scattered in the cell cytoplasm after rupturing of
the nucleic membrane (Fig. 1c and d). Mesodermal-
originated tissues as gonads and nerve cells were infected,
and the virus replicated in their cell nuclei as shown in
Fig. 2c and d, respectively. Finally, all organs in the body
of the infected larva were dissolved turning into a fluid full
with PIBs except the chitinous structures, i.e., the body cu-
ticle and the tenidium of the respiratory trachea that left
unchanged as seen in Fig. 3b. Such alterations started first
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Fig. 1 Cross sections in Galleria mellonella larvae 6 days post-infection with GmMNPV. a PIBs filling the nuclei of hypodermal cells under the body
cuticle. b PIBs in nuclei of fat body cells. ¢ and d PIBs in epithelial cells of the trachea

in midgut epithelial cells causing feeding stop. As
well, motionless due to infection of the nerve cells
and alterations in tracheal epithelial cells lower and
stop respiration leading to death of infected larvae.
These results are in line with similar studies with
MNPVs in larvae of different lepidopteran species,
like those of El Husseini (1980) in Spodoptera exigua,
Yan and Li (1991) in Dendrolimus spectabilis, Daibin
et al. (1999) in Zethenia rufescentaria, Barreto et al
(2005) in Spodoptera frugiperda, and Wang et al
(2017) in Bombyx mori and Belda et al. (2019).

Control of G. mellonella on stored wax foundations by
GmMNPV

Results indicated weight loss in treated beeswax founda-
tions with GmMPNV at the concentration of 2 x 107
PIBs/ml; the loss reached 0.4% after 1month and
remained stable among the next 3 months. This result
could be explained by feeding of the newly hatched wax
moth larvae on the treated wax sheets acquiring infec-
tion with the virus PIBs which developed in and caused
their death. Accordingly, the infestation was stopped by

eliminating the pest. Meanwhile, the pest larvae fed on
non-treated wax foundations caused 18% weight loss
after 1 month. Producing successive generations of the
pest along the following storing period generated further
losses reaching 48 and 82% after 2 and 3 months, re-
spectively. A complete loss of the wax foundations
(100%) occurred after storing for 4 months. The clean
blank control remained unchanged in weight along the
period of the test which is shortened to 4 months instead
of the planned 12 months. These results are in line with
those of Abou Bakr and El-Shemy (1991). Omar et al.
(2004) reported 100% loss in weight of wax foundations
artificially infested with eggs of G. mellonella after 10
months storing as opposed to 0% in those sprayed by
Dipel 2X (Bacillus thuringiensis kurstaki). Results of the
present study and those of other authors (e.g., Abou
Bakr and El-Shemy 1991, Lacey et al. 2001, Omar et al.
2004) confirmed the success of microbial control with
baculoviruses, and B. thuringiensis in stores against lar-
vae of the greater wax moth may be due to its high sen-
sitivity to both entomopathogens, in addition to absence
of sunlight UV in the stores.



Husseini Egyptian Journal of Biological Pest Control (2020) 30:101

Page 5 of 6

c

.

Fig. 2 Cross sections in Galleria mellonella larvae 6 days post-infection with GmMNPV. a and b PIBs in nuclei of the fat body. ¢ PIBs in nuclei of
cortex cells of a nerve ganglion. d PIBs in nuclei of disintegrated tissue cell prior to rupture of nucleic membrane

D

Conclusion

Bio-assaying virulence of G. mellonella nuclear polyhe-
drosis virus (GmMNPYV) versus L; larvae of Galleria
mellonella proved a high pathogenicity to this pest; in
other words, the larvae of G. mellonella are highly sus-
ceptible to the virus. This fact was confirmed when ap-
plying the virus by spraying its PIBs onto the beeswax

foundations followed by high artificial infestation with
eggs of the pest before storing. The treatment protected
the wax foundations for many months in the store.
Thus, using entomopathogenic baculoviruses for pro-
tecting stored combs and beeswax foundations seems an
effective alternative to the traditional use of the hazard-
ous chemical pesticides for this purpose.

tenidium of the trachea
A\

Fig. 3 Cross sections in Galleria mellonella larvae. a Six days post-infection with GmMNPV showing PIBs in nuclei of salivary gland epithelial cells.
b Smear of body fluid from G. mellonella larva at 7th day post-treatment showing complete disintegration of body cells except the chitinous

B
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Abbreviations

GMMNPV: Galleria mellonella multi nuclear polyhedrosis virus; PIBs: Polyhedral
inclusion bodies; Ls: 3rd larval instar; T;: Treatment with the virus
concentration 2 x 10% PIBs/ml; T,: Treatment with the virus concentration 2
x 10% PIBs/ml; T5: Treatment with the virus concentration 2 x 10° PIBs/ml;
T.: Treatment with the virus concentration 2 x 107 PIBs/ml; Ts: Treatment
with the virus concentration 2 x 10% PIBs/ml
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