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Abstract | Honeybees (Apis mellifera L.) are key pollinators of many economic crops. The significance of the 
beehive products is also reflected at several levels including economics of local/export markets, and effects of 
related activities on the society and environment. However, accumulating reports and figures have been recording 
serious trends of losses in honeybee populations in the recent past. Different pests/pathogens rank high among 
other factors responsible for such losses. They resulted in less-than-desirable production in quantity and quality 
of apiculture. This has spurred enthusiasm among stakeholders and the general public due to the threat these 
pests pose to global food security. Recently, integrated pest management (IPM) schemes are emerging as the 
best option for controlling them as chemical pesticides can adversely affect both honeybee individuals and 
hive products. Added to polluting environment by such excessive chemicals, pests have also been developing 
their resistance. In contrast, entomopathogenic nematode (EPN) products are developing mostly to control 
pests of crops and are limited to few niche markets. Hence, expanding their safe and effective biocontrol 
spectra to key pests of honeybees are highlighted herein. Recent findings hold promise for their inclusion as 
components in IPM plans for sustainable systems. Related key findings and conclusions are presented herein. 
They are substantially based on prophylactic measures to avoid the conditions that draw pests of A. mellifera 
or assist them to build their populations. Maintaining healthy and robust honey bee colonies can reflect the 
importance of such preventive means. Using EPNs against three major bee pests that cause significant damage 
to beehives and results in considerable losses worldwide is addressed. These included the small hive beetle 
(Aethina tumida Murray), the greater wax moth (Galleria mellonella L.), and the lesser wax moth (Achroia grisella 
Fabricius). Other beneficial nematodes bode well for controlling further pests of A. mellifera. So, additional 
experimentation is needed to extend nematode efficacy against more pests/pathogens of A. mellifera. Together, 
such realistic cohort studies that address IPM schemes in beehives will lead to a better grasping of their 
impacts on colony health and the effects of other linked factors. It is concluded that sophisticated techniques of 
nematode characterization and application as benign/reliable alternatives to unhealthy pesticides against these 
pests will broaden EPN uptake and further activate the market of organic products. 
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Introduction

Honey bee (Apis mellifera L. Hymenoptera: 
Apidae) populations are key insect pollinators 

of many economically important crops; comprising 
vegetables, fruits, and nuts. These pollinators recorded 
an approximate annual value of $17±18 billion in USA 
(Calderone, 2012). Moreover, honeybees and related 
products represent productive activities suitable 
for small and medium enterprises, and contribute 
to solving the problem of unemployment. Thus, 
Khattabi (2022) stressed that apiculture sector has 
several social, economic, health, and environmental 
benefits. Nonetheless, this sector suffered from 
numerous pest management inadequacies which have 
accounted for less-than-desirable pollination service 
in the recent past. Furthermore, such inadequacies 
downgraded quantity and quality of bee hives-
productions in numerous countries. For instance, 
honeybees have been suffering considerable annual 
colony losses in USA. American beekeepers alone 
lost over 50% of their colonies in 2018 (United States 
Department of Agriculture, USDA, 2019). Likewise, 
the current figures indicate that the number of bee 
hives has decreased in Egypt from about 1.40 million 
hives in year 2000 to about 818 thousand hives 
in year 2017; a decrease of about 42% during this 
period. Consequently, honey production decreased 
from about 8.21 thousand tons in 2000 to about 
4.14 thousand tons in 2017 (El-Tatawy et al., 2019). 
Hence, supporting apiculture is direly required to 
maximize the above-mentioned benefits and relevant 
activities. This is especially timely as current economic 
stresses threaten people everywhere with mounting 
conflicts, plagues, and mass migrations. In contrast, 
local consumption of bee products and exportation 
of honeybees and related products by some countries 
can provide foreign exchange revenue to alleviate 
such stresses. Admittedly, within the repercussions of 
these stresses, there is a challenge on the part of both 
private and governmental sectors to boost the size 
and quality of apiculture worldwide.

Various insects and pathogens are key barriers to 
optimize the qualitative and quantitative yield of 
apiaries (USDA, 2019; Khattabi, 2022). Chemicals 
are being used against pests and pathogens to enhance 
yields of apiaries (Glenny et al., 2017; Kegley et al., 
2024). On the contrary, such chemical pesticides 
often destroy beneficial insects, give rise to secondary 
pest outbreaks, and evidence ecological pollution 

and health hazards (Abd-Elgawad, 2020). Therefore, 
the related problems have spurred enthusiasm for 
exploiting a full useful spectrum of safe and effective 
biological insecticides against pests of honey bees and 
their hive contents. Among them, entomopathogenic 
nematodes (EPNs) rank high for managing pests of 
honey bees. They are defined as a group of nematodes 
(thread worms), that cause death to insects. They 
possess virtually all the attributes of an ideal 
biocontrol agent. They are extraordinarily lethal with 
most insects being killed within 36 hrs. Dozens of 
important insect pests are susceptible yet nontarget 
populations are undisturbed. Despite their high 
pathogenicity to insects, their lack of threat to the 
environment led the U.S. Environmental Protection 
Agency to exempt nematodes, including transgenic 
strains, from registration requirements; early almost 
all countries provide a similar exemption. This high 
degree of safety means that unlike chemicals, or even 
Bacillus thuringiensis, nematode applications do not 
require masks or other safety equipment; and re-
entry time, residues, pollution, and pollinator toxicity 
are not issues. Their application via irrigation has 
further improved grower acceptance. In addition to 
their ideal attributes as bioinsecticides, EPNs are 
compatible with existing equipment and have the 
potential to recycle in host populations of these pests 
(Abd-Elgawad et al., 2017; Shehata et al., 2021). 
Consequently, such merits attract stakeholders to 
harness them for effective and long-term inhibition 
of pest populations (Koppenhöfer et al., 2020). 
Contrary to chemical insecticides, EPNs can support 
both honeybee pollination services and sales of 
hive products via methods that neither degrade the 
environment nor harm human health. Species in 
the genera Heterorhabditis and Steinernema (Family: 
Heterorhabditidae and Steinernematidae, respectively) 
of these insecticidal nematodes can complete their 
lifecycles within their host bodies (Figure 1). Having 
invaded the hosts, EPNs release mutualistic bacteria 
which back the nematodes to feed on their hosts, 
develop, reproduce, and finally exit the host cadaver 
to seek for new hosts. More details of this process are 
reported elsewhere (Abd-Elgawad, 2017). This review 
focuses on optimizing the use of EPNs against main 
pests of honeybees. It highlights their application as 
a component in integrated pest management (IPM) 
with other practical inputs. Since IPM is defined as a 
comprehensive and sustainable technique to manage 
pests, it merges various methods like biological, 
physical, chemical, and cultural controls to diminish 
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health, economic, and ecological risks. It prioritizes 
prevention and uses the least toxic and safe methods 
to manage pests effectively. These approaches aim 
to boost biocontrol technology for suppressing key 
pests of honeybees. While it can protect honeybees 
as pollinators and improve their useful products, it 
prevents unacceptable levels of unhealthy chemicals. 
Consequently, EPNs can minimize the risk to natural 
resources and the environment, and diminish the 
development of pest resistance to these chemicals. 
The focus of this review is on the utilization and 
potential of entomopathogenic nematodes (EPNs) 
as biological control agents (BCAs) against key pests 
of honeybees. Thus, the article addresses enhancing 
honeybee production by developing improved and 
sustainable approaches for relevant pest management.

Figure 1: Differences in developmental stages between 
species of Steinernema and Heterorhabditis reproducing 
on honeybee pests.

The small hive beetle (Aethina tumida Murray, 
Coleoptera: Nitidulidae)
This pest is a predator and scavenger of honey bees 
as its larvae develop via feeding on honey, pollen, 
and A. mellifera brood. Its larvae usually damage the 
frames, ferment honey, and set adequate conditions 
for additional pests to develop. They can affect overall 
colony health, hive products, and finally all sorts of 
beneficial productivity. Although the pest is native to 
sub-Saharan Africa, it is an invasive species, and is 
currently found in Australia, America, Europe and 
Asia (Benuszak et al., 2019). Infesting a colony of 
honeybees usually starts when the A. tumida adults 
fly to a proper hive, mate, and lay eggs in clusters 
inside the wax frames. Then, the hatched larvae feed 
and develop. Its development speed is linked to food 

availability and temperature (Neumann et al., 2016). 
The developed larvae (called wandering larvae) drop 
beneath the hive to search for an adequate location 
to pupate. In the soil, often beneath the hive, these 
larvae develop into pupae and emerge as adults after 
13-74 days depending on moisture content of soil 
and ambient temperature (Neumann et al., 2013). 
Usually, the beetle can multiply quickly when comb 
honey, bee brood, or/and pollen are available. Other 
factors can grant the beetles their current potential 
as a global threat to apiculture. These include long-
distance flying efficiency, high overwintering capacity 
in honeybee clusters, and possessing host shifts to 
other bee species (Neumann and Elzen, 2004). 

Current measures for A. tumida control comprise 
maintaining robust A. mellifera colonies, monitoring 
hive components to assure hygienic behavior in 
both breeding A. mellifera and their larvae/adults, 
discarding impaired frames, baiting A. tumida traps, 
and chemical applications in/around infested hives 
(Sanchez et al., 2021). These latter include treating 
soil with pyrethroids to kill all A. tumida stages. 
Benuszak et al. (2019) reviewed and detailed their 
usage. At least an area of 2 m radius around the 
hives should be chemically treated to a depth of 
at least 20 cm in USA. Also, Gard Star® (40% EC 
permethrin) at rate of 0.05% active ingredient (AI) is 
applied as soil drench. It is used to kill or inhibit new 
emerging beetles from entering nearby colonies via 
treating the soil underneath colonies that has severe 
larval infestation. A 1% solution of tetramethrin 
and cypermethrin was amply sprayed to drench 
the soil soon after soil ploughing to assure a good 
exposure of A. tumida in Italy (Granato et al., 2017). 
Soil drenching with permethrin solution (7.8 liters 
of 0.05% solution for 2 m radius and 0.2 m depth, 
but 19.5 liter for 0.5 m depth) showed high efficacy 
against A. tumida larvae (Smith et al. 2008). Because 
such pyrethroids are toxic to bees, their hives must 
not be sprayed (Hood, 2011; Benuszak et al., 2019). 
Moreover, exposure of non-target species such as wild 
bees should be averted. Additionally, soil treatment 
should occur after sunset, and related settings should 
be considered. Generally, large-scale A. tumida-
chemical control should not be frequently applied as 
these insecticides are mostly effective against harmful 
A. tumida and useful honey bees simultaneously; 
both belong to the Class Insecta. Furthermore, they 
may adversely affect products of beehives in addition 
to bringing the above-mentioned complications. 
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Therefore, such chemicals to protect bees against A. 
tumida fall under the scope of the Biocidal Products 
Regulation set by the European Union (EU) under 
No 528/2012 (Benuszak et al., 2019). Consequently, 
these products should only be made available on the 
market and used provided proper authorization. 

On the contrary, EPN proved safety and efficacy 
in controlling A. tumida infecting beehives in USA 
(Shapiro-Ilan et al., 2010; Sanchez et al., 2021) and 
elsewhere (Cabanillas and Elzen, 2006; Cuthbertson 
et al., 2012; Benuszak et al., 2019). Efficacy of EPNs 
against A. tumida populations was so high that they 
caused 76-100% mortality (Cabanillas and Elzen, 
2006; Ellis et al., 2010; Cuthbertson et al., 2013). In 
England, The Department for Environment, Food and 
Rural Affairs (DEFRA) found that the commercial 
EPN species, Steinernema kraussei and S. carpocapsae 
at a rate of 10,000 infective juveniles (IJs)/ml water 
could induce 100% mortality of A. tumida-pupating 
larvae in sand in laboratory bioassays. Contrary to S. 
kraussei, S. carpocapsae could still prove efficacy when 
the dose rate for either species was decreased to 25%. 
Further analysis for the timing of application found 
that EPNs, especially S. carpocapsae, were still able to 
invade and kill pupating larvae that had been in sand 
for 3 weeks (Cuthbertson et al., 2013; DEFRA, 2013). 
On the other, S. kraussei was reliable in suppressing 
A. tumida populations in three different soil types. 
These types represent soils found in the south of 
England. However, the EPN efficacy was reduced 
at temperature < 10°C (Benuszak et al., 2019). The 
latter authors speculated that more tests on EPN 
efficacy against A. tumida under field conditions will 
offer a greater grasping of how EPNs may be utilized 
in a contingency response too. Obviously, including 
EPNs as components in IPM schemes are the best 
strategies to avoid using excessive chemicals for A. 
tumida control (Fulton et al., 2019).

Sanchez et al. (2021) reviewed six EPN species 
that have shown promise in laboratory bioassays 
for controlling A. tumida. These are Heterorhabditis 
indica Poinar, Karunakar, and David; Heterorhabditis 
bacteriophora Poinar; Steinernema carpocapsae Weiser; 
Steinernema feltiae Filipjev; Steinernema kraussei 
Steiner; and Steinernema riobrave Cabanillas, Poinar, 
and Raulston. After entering A. tumida wandering 
larval host, the EPN-IJs release their symbiotic 
bacteria that live within the EPN into host’s hemocoel 
(Abd-Elgawad, 2024a). Each of these six EPN species 

has a different mutualistic bacterium species that is 
in charge of killing the infected insect and creating 
a suitable setting for EPN multiplication (Boemare 
et al., 1993). Several EPN generations are produced 
within the host cadaver ahead of IJs leaving of the 
cadaver to search for a new host (Figure 1). 

Having documented the EPN effectiveness against 
A. tumida in several continents (Ellis et al., 2010; 
Shapiro-Ilan et al., 2010; Hill et al., 2016; Benuszak 
et al., 2019; Sanchez et al., 2021), they should provide 
significant biocontrol options for IPM programs. 
To perfect their uses, however, biotic/abiotic factors 
of the related settings as well as the best EPN-host 
matching should be considered. According to the 
different settings/scenarios, various outlooks may be 
valid. That is because related biotic/abiotic factors 
must also be advantageous in the existing scenario. 
For biotic factors, changes in EPN levels may occur 
directly/indirectly by impacting EPN hosts and/or 
natural enemies (Campos-Herrera et al., 2019; Toth 
et al., 2022). Likewise, abiotic factors as soil moisture/
texture (Campos-Herrera et al., 2013), mulching/
adding organic matter (Abd-Elgawad et al., 2024), 
salinity (Nielsen et al., 2011), and pH (Campos-
Herrera et al., 2019) could alter EPN population 
densities in fields that have beehives. This is especially 
significant as many commercial beekeepers transfer 
their beehive pallets to fields/orchards planted with 
vegetables, fruits, and nuts for the pollination service 
too. Neumann et al. (2013, 2016) confirmed that soil 
structure and condition have also shown to impact 
A. tumida pupation success. However, the related 
tests mostly used sterilized soil that killed all biota 
from the soil in order to limit confounding variables 
within the tests (Ellis et al., 2004; Neumann et al., 
2013, 2016). In contrast, sterilizing the soil offers 
unrealistic conditions as it eliminates natural biotic 
competition in the soil and probably changes the 
physical/chemical properties. Therefore, Sanchez et al. 
(2021) examined the impact of six EPN species on A. 
tumida wandering larvae in natural and sterilized soil 
in three Alabama soil types at typical low moisture 
levels. They found that pupation success of different 
larval population densities was similar at the three 
soil types; Kalmia loamy sand (KLS), Benndale fine 
sandy loam (BFSL), and Decatur silt loam (DSL). 
Among the six EPN species, S. carpocapsae attained 
the best efficacy across all tested EPN population 
densities in both autoclaved and natural soil. Both 
S. riobrave and H. indica fulfilled the next highest 
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efficacies, but they were significantly less effective 
than S. carpocapsae. While S. carpocapsae parasitized 
87% A. tumida wandering larvae across all population 
densities tested, it colonized 94% of A. tumida in the 
KLS soil, 80% in the BFSL soil, and 47% in the DSL 
soil. So, the authors concluded that S. carpocapsae is a 
promising BCA to be implemented into IPM system 
on A. tumida. They stressed that S. carpocapsae may 
benefit beekeepers in IPM system on a local, state, 
and national level; boost the A. mellifera bee colony 
health, and subsequent pollination rates in locations 
where A. tumida exist. 

Also, there are possible variations in the degree 
of susceptibility regarding different A. tumida-life 
stages to the tested EPN species/strains. As with 
other hosts, the EPN biocontrol impact on A. tumida 
generally depends on the used EPN species or strain, 
the IJ dose, and the insect-life stage (Abd-Elgawad 
et al., 2017). Basically, the engaged species of the 
two EPN genera (Steinernema and Heterorhabditis) 
naturally live in soil and require an insect host to 
reproduce, but they have different hunting styles and 
each species have different environmental and host 
preferences (Koppenhöfer et al., 2020). Steinernema 
spp. often hunt their hosts using ambush (sit and wait) 
foraging but Heterorhabditis spp. hunt using cruising 
(seek and attack) foraging. Also, both H. indica and 
S. riobrave enter the body of the A. tumida larva or 
adult by entering into an orifice (i.e., the mouth, anus, 
or spiracles). Additionally, H. indica has the benefit 
over S. riobrave as it can also enter an A. tumida adult 
via the intersegmental members of the beetle cuticle 
(Askary and Abd-Elgawad, 2021). Nevertheless, both 
H. indica and S. riobrave are completely harmless to 
honeybees, humans, pets, and plants. Furthermore, 
estimate of EPN fitness/quality reared in A. tumida 
in terms of measuring nematode infectivity (power to 
invade), virulence (power to kill), viability (percentage 
of emerged living infective juveniles), and reproductive 
capacity (yield per insect) (Shehata et al., 2019) could 
be used to boost the A. tumida biocontrol. 

The degree of EPN-host matching should be the 
optimum based on sophisticated technology too. 
In this vein, characterizing EPN biogeography for 
augmentation and conservation biocontrol may 
call for fine-scale taxonomic resolution (e.g., high 
throughput genome sequencing, HTS), as exceedingly 
related species can show divergent phenotypes for key 
properties (Dritsoulas et al., 2021). Differentiation of 

these EPN traits such as insect host specificity and 
habitat adaptation via HTS should be exploited for 
the best EPN strain-A. tumida host matching.

Notwithstanding the utility of such advanced 
tools to characterize key EPN traits, practical 
transformational technologies that lead to their 
significant marketing are still lacking. Some related 
EPN products are sold on market, though their sell 
scale is either local, small, or has not been officially 
registered. Thus, a globally standard procedure for 
governmental approval especially for such non-
registered products is suggested. Enlightening 
beekeepers/stakeholders with the efficacy of EPN 
usage against pests of A. mellifera and their merits to 
secure safe foods should be a priority for attracting 
end-users. The related labels for A. tumida biocontrol 
instruct to apply the nematodes about three times a 
year for the best results usually during early spring 
and early fall. Otherwise, adequate times are selected 
to comply with optimum temperature for EPN 
biocontrol activity. Also, it is better to continue using 
EPNs every couple of weeks until A. tumida is under 
control in the treated bee yards. Although the EPN 
dose depends on the severity of A. tumida problem, 
the recommended dose is approximately 5 million IJs 
per 10 hives (Anonymous, 2024). Delivering EPNs 
into the infested soil and near enough the A. tumida 
larvae or/and adults are paramount. 

Three different methods of EPNs can generally 
be applied (Abd-Elgawad, 2025). Augmentation 
or inundative biocontrol method is done within a 
short time. So, relevant biotic/abiotic actors should 
be optimized to get the best results. It is the most 
used EPN biocontrol technique, but stakeholders 
should earnestly promote the other two techniques, 
i.e., classical and conservation biocontrol methods. 
More surveys are required in settings where the 
EPNs will have to develop the target merit (trait) 
for classical biocontrol (Salama and Abd-Elgawad, 
2001). For conservation biocontrol, perennial systems 
are more advantageous for this method due to relative 
soil stability. Perennials in Florida citrus groves 
could implement definite scenario to safely and 
effectively control the related pests by EPNs before 
the spontaneous introduction of the citrus greening 
disease. However, combating this disease required 
new agricultural practices that led to suppressing 
native and augmented EPNs (Campos-Herrera et al., 
2013).
Eventually, EPNs should be used as an integral part 
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of IPM plans to treat infestations by A. tumida. Other 
IPM components should include maintenance of 
strong A. mellifera colonies and monitoring hygienic 
behavior for optimized reproduction of A. mellifera. 
Examples are getting rid of damaged frames, using 
A. tumida traps, and treating with chemicals in/
around infested hives (Anonymous, 2024). Because 
pyrethroids are used to kill all A. tumida stages in soil 
(Benuszak et al., 2019), further studies on pyrethroid 
concentrations that may be compatible with EPNs 
and A. mellifera in the treated bee yards are needed. 
Optimistically, another investigation (Aioub et 
al., 2021) suggested that combining EPNs with 
specific pyrethroid concentrations can be a practical 
strategy for managing a different pest, Pieris rapae L. 
(Lepidoptera: Pieridae). If so, using similar technique 
in bee yards could pave the way to applying novel 
control method against A. tumida.

The greater (Galleria mellonella L.) and lesser (Achroia 
grisella Fabricius) wax moths (Lepidoptera: Pyralidae)
Wax moths are globally the most damaging pests 
of honeybee wax combs especially in both storage 
and weak bee colonies (El-Gohary et al., 2018). 
Tunnels made in the wax combs mixed with white 
silk secretions, larval feces, and different pest stages 
are the main symptoms of the wax moths-infestations 
made in these combs during feeding on them. The 
larvae can feed also on pollen, cast larval skins, and 
honey. Additionally, moving stages of wax moths 
can transmit the pathogens that seriously aggravate 
A. mellifera colony health. Generally, G. mellonella is 
more pervasive and damaging pest of bee wax combs 
than the lesser wax moth. If both moth species are 
found together, G. mellonella larvae are so dominated 
that they force A. grisella to feed on the hive floor 
(Egelie et al., 2022).

The most key aspect of managing both species of wax 
moths as well as other pests is to keep up with healthy 
and strong honey bee colonies (Kwadha et al., 2017; 
Egelie et al., 2022; Kegley et al., 2024). Obviously, 
chemical insecticides can effectively be used as control 
measure of wax moths too. Currently, two toxic 
chemicals, Paradichlorobenzene and Phestoxin are 
used (Said et al., 2019). So, they can protect all combs 
in storage but not combs having honey for human 
consumption. Simply, the odor of these chemicals 
is often absorbed by honey, and though the bees do 
not object to this odor, such honey is unfit for human 
consumption. Said et al. (2019) stressed that wax 
moths could develop resistance to these insecticides. 

Moreover, toxic residues within the wax are frequently 
found due to the use of these insecticides. As stored 
wax combs are the main target of A. grisella, there 
are several ways to limit the related damage of these 
combs. Either extreme cold or heat will kill all life 
stages of A. grisella even eggs (Egelie et al., 2022). 
However, freezing at 20°F for 24-48 hours is a better 
option because heating may melt and spoil the wax 
combs. After freezing, the treated combs should be 
stored in airtight plastic bags to avoid re-infestation. 
Fumigation is also possible but more expensive, less 
desirable treatment in stored hive materials. Moreover, 
fumigation may not be used on honey combs that 
the beekeeper needs to sell/consume. Additionally, 
fumigants may be very dangerous for the user.

Thus, safe and reliable methods are still being 
explored for controlling both species of wax moths. 
These included natural materials; e.g., plant essential 
oils (EOs) (Said et al., 2019) and other biopesticides 
based on living microbes and/or their bioactive 
compounds (Abd-Elgawad, 2023; Han et al., 2023). 
Of five tested natural essential oils, rosemary, 
Salvia rosmarinus Spenn (Lamiales: Lamiaceae) oil 
treatment showed the best effect against G. mellonella 
larvae. The major components of its essential oil were 
glycerol triacetien (39.22%), 1.8-cineole (16.82%), 
l-menthole (10.64%), a-camphor (8.71%), Pinene 
(7.16%), d-limonene (7.04%) (Said et al., 2019). 
Other components of essential oil proved effectiveness 
against additional parasites and should be tested 
against pests of honeybees (Abd-Elgawad and Omer, 
1995).  Nonetheless, many inherent factors oppose 
using EOs as biopesticides due to their natural 
lipophilicity and high volatility. In addition, two 
major impediments of using EOs are manufacturing 
constraints and production costs. To overcome 
these restrictions, Gupta et al. (2023) suggested 
incorporating some sophisticated techniques such 
as the EOs-nanoencapsulation, RNA-Seq in 
biopesticide development, and bioinformatics. Such 
sophisticated tools have the potential to be generally 
used against other pests to advance sustainable 
agricultural systems (Abd-Elgawad, 2024b). They can 
be used to control pests of crops that are pollinated 
by bees. Recently, honeybees were reported to transfer 
harmful pesticide residues from the pollinated 
orchards to the beehives (Ostiguy et al., 2019; Kegley 
et al., 2024). Therefore, a decrease in application of 
chemical pesticides on bee-attractive crops especially 
during pollination time would need to occur. 
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Han et al. (2023) developed a novel Bacillus 
thuringiensis (Bt) strain (designated BiotGm) that 
demonstrated efficacy against G. mellonella larvae with 
a LC50 value lower than 2 μg/g. However, BiotGm 
showed low toxicity levels with a LC50 = 20598.78 
μg/ml for A. mellifera larvae but no adverse impact 
at concentration = 100 μg/ml for A. mellifera adults. 
The authors designed also an entrapment approach 
comprising a lure for G. mellonella larvae, BiotGm, 
and a trapping device that blocks bees from reaching 
the lure. Their method reduced the G. mellonella larval 
populations in laboratory and field trials. Although 
these results bode well for using Bt-based biocontrol 
of G. mellonella in beehives, Han et al. (2023) indicated 
the need for further optimization of their method. 
That is because the strain BiotGm may be seriously 
impacted by various ecological factors, including its 
formulation type and application technique as well 
as contaminants, temperature, ultraviolet radiation, 
pH, and rainfall. Hence, further field evaluations 
on its practicality are expected. On the other hand, 
because many EPN species have wide host ranges, 
some of them proved their ability to perfectly control 
G. mellonella. In this regard, H. bacteriophora could 
cause full (100%) mortality of G. mellonella larvae 
in natural bee hives. Moreover, H. bacteriophora 
did not affect larvae or adults of honeybees (Taha 
and Abdelmegeed, 2016). However, to avoid the 
sensitivity of EPNs as biologicals, they are much 
preferred to be used as an integral component in 
IPM programs. Consequently, compelling preventive 
measures via maintaining healthy bee colonies are the 
best components for IPM regarding either of the two 
wax moth species. Strictly speaking, if the beehives 
appear to be under stress, components for IPM may 
comprise manual removal of pests, freezing/heat 
treatment, or burning equipment. Other options 
are moth traps, insect zappers, and carbon dioxide 
fumigation rooms. Chemical control may be needed 
as a last resort (Kwadha et al., 2017; Jack and Ellis, 
2018; Kegley et al., 2024). 

Other pests and pathogens
Having recorded the favorable biocontrol potential 
of EPNs against the aforementioned pests, beneficial 
nematodes should be earnestly tried against further A. 
mellifera-pests and pathogens (Table 1). For instance, 
other entomogenous nematode species of the genus 
Pheromermis Poinar, Lane & Thomas (Mermithida: 
Mermithidae) showed promise in controlling Vespa 
hornets attacking beehives (Abou-Shaara and 
staron, 2019). Vespa orientalis is a main pest in several 
countries like Egypt. Using pathogens to control 
Vespa spp. has not been documented previously, due to 
the social nature of the hornets. Yet, isolating BCAs 
from hornet nests to develop novel control methods 
should be addressed via proper means such as the 
traps in the bee yards (Mazeed and Abd-Al Fattah, 
2019) within IPM programs. Also, Varroa destructor 
Anderson and Trueman is the most damaging pest of 
honey bee colonies worldwide ( Jack and Ellis, 2021). 
Pathogen-biopesticide cross correlations including V. 
destructor may indeed play a role in colony health, but 
are beyond the scope of this article. Also, long-term 
investigations are required to assess the persistence of 
these BCAs in the apiary settings and their potential 
progressive impacts on both target and non-target 
organisms over time (Dutka et al., 2015).

Conclusions and Recommendations 

The above-mentioned efficacies of biopesticides 
against pests of honeybees are promising, but 
further research aspects are warranted to perfect 
the application protocols for these and novel BCAs. 
These include examining the optimal timing, dosage, 
and combinations of IPM components to secure 
maximum effectiveness across different scenarios and 
climatic conditions. The most key aspect of these 
components in managing relevant pests/pathogens 
is to safeguard honeybee individuals in order to keep 
healthy and strong colonies. Robust beehives enable

Table 1: Targeted pests of honeybees and their control using beneficial nematodes.
Targeted pest species Used nematodes Efficacy References
Aethina tumida Steinernema carpocapsae parasitized 87% wandering larvae of all tested 

populations 
Sanchez et al., 2021

Galleria mellonella Heterorhabditis bacteriophora Twice usage of high dose could induce full 
mortality of larvae and adults

Taha and Abd-elmegeed, 
2016

Achroia grisella Steinernema carpocapsae Caused 100% larval mortality San-Blas et al., 2019
Vespa spp. Pheromermis spp. Adverse efficacy on the social wasps and 

produced sexuals
Abou-Shaara and Staron, 
2019
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worker bees to kill and/or evict pest larvae as well 
as seal areas where pests may lay eggs. Furthermore, 
although other pests and pathogens can inflict 
substantial damage to honeybee colonies, information 
is scanty about their interaction with beneficial 
nematodes. Therefore, more studies are direly needed 
to explore interactions of such pests/pathogens 
with beneficial nematodes such as Pheromermis 
spp. in the near future. Integrating EPNs into IPM 
strategies could significantly boost the sustainability 
of apiary management schemes, minimizing reliance 
on synthetic pesticides and alleviating their linked 
ecological risks. Accordingly, EPNs can contribute 
to the increasing evidence base that backs a 
paradigm shift for more environmentally sound pest 
management solutions in apiculture. Eventually, 
EPN applications into IPM plans against pests of 
A. mellifera can not only mitigate the issues of using 
unhealthy pesticides but may also widen EPN uptake 
and further stimulate the market of organic products. 
Although prevention is better than cure is a priority 
in controlling honey bee pests, the safe and effective 
use of nematodes offers promising hope. Future 
research directions should broaden EPN biocontrol 
spectra to other pest groups such as those infecting 
honeybee. Other facets for more uptakes of EPNs 
imply optimizing related EPN delivery/application, 
persistence, and integrating sophisticated technologies 
to reform their new directions. Therefore, while recent 
and above-mentioned EPN techniques against pests 
of honeybees should be adopted by beekeepers, 
researchers should work to provide possibly refined 
IPM strategies.
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