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Abstract

Some laboratory studies revealed that predators can readily attack and consume virus-infected prey with no
detrimental effects on their biological parameters. Most tested predacious species did not discriminate between
healthy and virus-infected prey. In addition, such predators were found to excrete detectable amounts of
polyhedral inclusion bodies for few days that might infect healthy prey. Field studies demonstrated that the
population densities and dispersal of the predators were not affected in fields sprayed with entomopathogenic
virus formulations. Some laboratory studies stated that egg and larval parasitoids did not discriminate between
healthy and virus surface-contaminated or virus-infected hosts. However, some parasitoids did not lay or laid few
eggs in virus-infected hosts. Parasitoid adults that laid eggs in virus-infected host larvae could transmit the virus to
healthy hosts through the ovipositor. Also, adult parasitoids emerged from virus-infected hosts transmitted the virus
to healthy hosts whereas other parasitoids did not transmit the virus.
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Background
Baculoviruses
There are more than 1100 species of viruses that infect
invertebrates with the majority of infecting insects
(Adams 1991). Most of these insect viruses are found in
the family Baculoviridae. However, there are insect
viruses in 15 other viral families (Hunter-Fujita et al.
1998). Baculoviruses have been used as bio-pesticides in
forestry, orchards, and raw crops since the early 1990s
with fair success (Inceoglu et al. 2006). A factor that
most favors the potential success of viruses is their lack
of adverse effects on the environment compared to
chemical insecticides. Their major environmental effect
is the reduction of insect populations and subsequently
may indirectly reduce the populations of entomophagous
insects (Fuxa 1990). Hochberg (1991) reported that
premature death of parasitoids in virus-infected hosts is
the main reason for the negative effect of viruses on
parasitoids. In addition, the slow kill and their degradation

due to environmental conditions have limited their use
(Inceoglu et al. 2006).
According to Murphy et al. 1995, the International Com-

mittee on Taxonomy of Viruses (ICTV) revised the classifi-
cation of the family Baculoviridae and divided it into two
genera: (1) Nucleopolyhedrovirus (NPV) (formerly nuclear
polyhedrosis virus) and (2) Granulovirus (GV) (formerly
granulosis virus). However, Jehle et al. (2006) and Afolami
and Oladunmoye (2017) reported that the Baculoviridae
family contains 4 genera: Alphabaculovirus (lepidopteran-
specific neocleopolyhedroviruses (NPV)), Betabaculovirus
(lepidopteran-specific granuloviruses (GV)), Gammabacu-
lovirus (hymenopteran-specific NPV), and Deltabaculovirus
(dipteran-specific NPV). Herniou and Jehle (2007) stated
that Baculoviridae contains more identified insect viruses
than any other viral family.

Mode of action of baculoviruses
Baculoviruses have to be ingested by the host (larvae or
adults) as occlusion body (OB) forms and then infect the
cells of the gut. From these cells, the virus can spread
and multiply throughout the other tissues including the
fat body, hypodermis, tracheal matrix, epithelial cells,
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and blood cells. Cell lysis and disintegration of host
tissues begin shortly after the formation of OBs (polyhe-
dra in NPV and granulin in GV). Young host larvae die
within 2 days whereas older larvae die within 4–9 days
(Afolami and Oladunmoye 2017).

Parasitoids and predators
Parasitoids and predators are among the biological con-
trol agents that play an important role, naturally, against
agricultural pests infesting field crops, vegetables, fruit
trees, and ornamentals. They constitute a considerable
part within IPM programs.

A. Interactions between baculoviruses and predators
Laboratory experiments

a. Effect on predators fed on virus-infected prey
Abbas and Boucias (1984) reported that the Anticarsia
gemmatalis (Hubner) nuclear polyhedrosisvirus (AgNPV)
had no direct adverse effects on the pentatomid predator,
Podisus maculiventris (Say). Microscope examination and
bioassay of tissues extracted from predators fed on
AgNPV-infected larvae for 10 days demonstrated that this
virus did not replicate in the treated predator. Abbas
(1987a) obtained similar results by rearing the predators
Calleida decora (F.) (Coleoptera: Carabidae), Nabis capsi-
formis (Germar) (Hemiptera: Nabidae), and Geocoris punc-
tipes (Say) (Hem.: Lygaeidae) on larvae of A. gemmatalis
infected with AgNPV and also by rearing larvae of Chryso-
perla carnea Steph. (Neuroptera: Chrysopidae), nymphs
and adults of Orius albidipennis (Reut.) (Hem.: Anthocori-
dae), and adults of Labidura riparia Pallas (Dermaptera:
Labiduridae) on NPV-infected larvae of Spodoptera littora-
lis (Boisd).
De Nardo et al. (2001) reared the predator Podisus

nigrispinus (Dallas) exclusively for 3 consecutive genera-
tions on A. gemmatalis larvae reared on an artificial diet
treated with a commercial formulation of the AgNPV.
Their results showed no adverse effects in the first
generation on oviposition and survival of the predator.
However, adverse effects in the predator population
were noticed in the subsequent generations. The authors
related such adverse effects to some inert components in
the commercial formulation. Different predator species
that reared on NPV-infected prey did not suffer deleteri-
ous effects (Ruberson et al. 1991; Mahmoud 1992; Fuxa
et al. 1993; Heinz et al. 1995; Li et al. 1999).
As presented by Gupta et al. (2013), the developmental

period, survival rate, sex ratio, and egg incubation period
of the predator Eocanthecona furcellata Wolff. (Hem.:
Pentatomidae) reared on different proportions of healthy
and NPV-infected Spodoptera litura (F.) did not vary
significantly. However, when the proportion of the in-
fected prey exceeded 50%, significant reductions in body

weight, fecundity, longevity, and egg hatchability percent
of the predator were noticed.

b. Discrimination between healthy and virus-infected
prey Abbas and Boucias (1984) stated that P. maculiven-
tris readily accepted and fed on the virus-infected larvae
of A. gemmatalis during its nymphal and adult stages.
No significant differences were found in the food
consumption or development of the predators which were
fed healthy versus virus-infected prey. Mahmoud (1992)
found that both larvae and adults of the coccinellid preda-
tor, Coccinella undecimpunctata L., were found to prey
upon NPV-infected S. littoralis with no differences in the
rate of consumption on healthy and infected prey.
Vasconcelos et al. (1996) reported that the 3 carabid spe-

cies, Harpalus rufipes De Geer, Pterostichus melanarius
Illiger, and Agonum dorsal Pontoppidan, showed no evi-
dence of discrimination between healthy and NPV-infected
larvae of their prey, Mamestra brassicae L. Similarly,
Casteillejos et al. (2001) found that larvae of Chrysoperla
rufilabris Burmeister did not discriminate between healthy
and NPV-infected larvae of Spodoptera frugiperda (Smith),
whereas, in contrast, adults of Duro taeniatum (F.) (Derm-
aptera: Forficulidae) directed a greater proportion of its
attack toward the infected larvae.

c. Dispersal of virus through predators’ feces Abbas
and Boucias (1984) reported that both nymphs and
adults of P. maculiventris fed on AgNPV-infected A.
gemmatalis larvae excreted intact polyhedral inclusion
bodies (PIBs) which were virulent to A. gemmatalis lar-
vae. Adult predators consumed more infected prey than
did the 4th instar nymphs and thus were capable of
excreting detectable levels of PIBs for 4 days, compared
to only 1 day for the nymphs, after feeding on infected
prey for 24 h. Young and Yearian (1987) stated that
adults of Nabis roseinpennis Reut. that fed on NPV-
infected A. gemmatalis larvae excreted infective levels of
virus for 10 days with 98% excreted during the first 2
days after feeding on infected larvae.
Olofsson (1989) found that larvae of Coccinella sep-

tempunctata L. fed on NPV-infected larvae of the sawfly,
Neodiprion sertifer (Geoffroy) (Hym.: Diprionidae), for 2
days excreted feces containing large quantities of PIBs.
Similarly, Mahmoud (1992) reported that the 4th larval
instars and adults of C. undecimpunctata that fed on
NPV-infected larvae of S. littoralis were capable of
excreting viable PIBs for 2 and 4 days, respectively.
Vasconcelos et al. (1996) stated that the carabids,
Harpalus rufipes De Geer, P. melanarius, and A. dorsal,
continuously passed infective levels of virus in the soil,
in laboratory, for at least 15 days after feeding on NPV-
infected larvae of M. brassicae. Casteillejos et al. (2001)
reported that a viable virus was detected in the feces of
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Doru taeniatum adults up to 3 days after feeding on NPV-
infected larvae of S. frugiperda, and in contrast, the virus
was inactivated in the gut of Chrysoperla rufilabris larvae.

Field experiments

a. Impact of virus on predators Treacy et al. (1997), in
two small field trials, found that the population levels of
non-target arthropods (18 different non-lepidopteran
insects in addition to various spiders) were not adversely
affected by the weekly application of NPV at doses up to
2 × 1012 PIBs/ha. In addition, Smith et al. (2000) found
no differences in the densities and diversities of preda-
tors’ populations in a cotton field up to 6 days post-
application of NPV against cotton pests.

b. Dissemination of virus by predators Boucias et al.
(1987) sprayed A. agemmatalis NPV as a bio-control
agent against A. gemmatalis at a concentration of 2.3 ×
1011 PIBs/ha in a soybean field (0.9 ha) divided into 8
plots. Four plots were treated with the virus, and the
other 4 plots were sprayed with water as a control. The
invertebrate fauna was collected biweekly throughout
the growing season including predators and phytopha-
gous insects. The presence of AgNPV in predator sam-
ples collected from the field was determined by bio-
assaying predators’ homogenates against neonate A.
gemmatalis larvae. Their results showed that 41% of the
total 2476 predators’ homogenates from treated and
control plots were found to contain detectable levels of
AgNPV that caused mortality among the treated larvae.
Olofsson (1989) studied the transmission of the NPV

of the sawfly, N. sertifer, during natural epizootics in 4
summer seasons in a pine field. His results showed that
the reduviid, Rhinocoris annulatus; the pentatomids,
Picromerus bidens (L.), and Troilus luridus Flickr; the
mirid, Lygus sp.; and the coccinellid, C. septempunctata,
were found to feed on virus-infected N. sertifer and
transmit the virus. Similarly, Young and Yearian (1990a)
carried out an experiment for testing the potential of
predators to transmit Heliothis zea (Boddie) NPV in a
soybean field. They found that a complex of predators,
spiders, Geocoris spp., Orius spp., Nabis spp., reduviid
spp., and coccinellid spp., were contaminated, but their
role in virus dissemination did not seem to be important.
Groner (1990) listed 18 instances of viruses being dis-

persed by predators through their feces. Such predators
included species belonging to the insect orders Orthop-
tera, Dermaptera, Heteroptera, Coleoptera, and Hymen-
optera. The author claimed that the predators seemed to
be little affected by feeding on infected prey due to the
more acid in their digestive systems. Vasconcelos et al.
(1996) found that the carabids H. rufipes, P. melanarius,
and A. dorsalis which fed on NPV-infected larvae of M.

brassica transmitted sufficient levels of virus in the soil
to cause low rates of mortality in the populations of the
different larval instars of M. brassica.
Lee and Fuxa (2000) found that the predator P. maco-

liventris and the scavengers Sarcophaga bullata (L.)
(Dipt.:Sarcophagidae) and Acheta domesticus (L.) (Dipt.:
Tachinidae) were capable of transmitting NPV to
Trichoplusia ni (H.) larvae at significant rates in a green-
house experiment. Also, Casteilljos et al. (2001) reported
that adults of D. taeniatum that fed on virus-infected
prey could contaminate the foliage resulting in the trans-
mission of the disease at a low prevalence (4.7%) to S.
frugiperda larvae.
Black (2017), in a soybean field experiment, found that

the mirid Lygus lineolaris (Palisto de Beauvois) and the
geocorids Geocoris spp. were noticed to feed on NPV-
infected larvae of Helicoverpa armigera (H.) and were
confirmed to be carriers of the virus. In addition, the
reduviids; the coccinellid, Coleomegilla maculate; and
the chrysopid larvae were also found crawling and feeding
on liquefied larval remains and were capable of transmit-
ting the virus to healthy larvae.

B. Interactions between baculoviruses and insect
parasitoids
a. Discrimination between virus-infected and uninfected hosts
Abbas (1987b) found that the egg parasitoid Tricho-
gramma evanescens (Westwood) did not discriminate
between NPV surface-contaminated eggs of Spodoptera
littoralis, and its progeny developed normally in contami-
nated and uncontaminated eggs. Similarly, Escribano et al.
(2000) found that the egg-larval parasitoid Chelonus insu-
laris Cresson did not discriminate between healthy and
NPV surface-contaminated eggs of S. frugiperda.
Mahmoud (1992) stated that the larval parasitoid Micro-

plitis rufiventris (Kok.) did not discriminate between
healthy and NPV-infected larvae of S. littoralis. Jiang et al.
(2011) stated that each female of the parasitoid Microplitis
pallidipes (Szep.) that developed in SeNPV-infected S.
exigua larvae was found to oviposit in virus-infected hosts.
In contrast, Cotesia glomerata (L.) did not oviposit in GV-
infected larvae of Pieris rapae (L.) (Kelsey 1982). Also,
Cotesia melanoscelus (Ratz.) females attempted to oviposit
greater, significantly, in its uninfected than infected host
larvae, Lymantria dispar (L.) (Versoi andYendol 1982).
Similarly, the larval parasitoid, Meteorus gyrator (Thunberg)
could discriminate between healthy and GV-infected Leca-
nobia oleracea larvae (Noctuidae) and laid fewer eggs in the
virus-infected larvae (Mathews et al. 2004).

b. Transmission of viruses

Laboratory experiments Irabagon and Brooks (1974)
reported that the transmission of baculoviruses occurs
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when the ovipositor, body surface or the gut of the para-
sitoid becomes contaminated with the virus. Abbas
(1987b), Mahmoud (1992), and Hui-Fang et al. (2013)
reported that parasitoid females that oviposited in virus-
infected larvae were found to transmit infective levels of
the virus to healthy ones via ovipositor. Also, adults of
the parasitoid Apanteles glomeratus (L.) emerged from
GV-infected larvae of P. rapae were found to transmit
the virus to healthy ones (Levin et al. 1983). Jiang et al.
(2011) stated that the adults of Microplitis pallidipes
emerged from cocoons which were surface-contaminated
with S. exigua NPV could transmit the virus to healthy
larvae.
In contrast, the females of the parasitoids Microplitis

croceipes (Cresson) and Campoletis sonorensis (Cameron)
that oviposited in NPV-infected larvae of Heliothis zea
(Boddie) and S. frugiperda, respectively, did not transmit
the virus to healthy larvae (Eller et al. 1988 and Escribano
et al. 2000), respectively). Also, Meteorus pulchricornis
females that emerged from NPV-infected larvae of S.
litura were not adversely affected and did not transmit the
virus to healthy larvae (Nguyen et al. 2005).
Arai et al. (2018) reported that the Ascovirus of

Heliothis virescens (Fab.) (HvAV) (belongs to the virus
family Ascoviridae) was found to be transmitted by the
parasitoid Meteorus pulchricornis (Wesm.) from infected
to healthy larvae of Spodoptera litura (F.) through
ovipositor. The authors mentioned that this parasitoid is
a major vector for HvAV in Japan, but the ingestion of
the virus by parasitoid females might affect the progeny
of the parasitoid.

Field experiments Young and Yearian (1990b) tested
the transmission of Heliothis NPV by Microplitis
croceipes females to H. virescens larvae in caged plants in
a field test. They found that mortality percent from NPV
in larvae exposed to virus-sprayed parasitoid females
was higher than when the females were previously
allowed to oviposit in infected larvae. In addition, Young
and Yearian (1989) reported that M. croceipes that
emerged from NPV-infected larvae of H. virescens could
transmit the virus, but its role in disseminating the virus
in the field was small. In an experiment in a greenhouse
cultivated with cabbage, Jiang et al. (2011) found that
the population reduction of S. exigua was greater by
Micropletis pallidipes females carrying SeNPV (82.3–
89.7%) than by females without virus (59.5–62.4%).
In greenhouse trials with GV against Lacanobia olera-

ceae larvae in tomato plants, Mathews et al. (2004)
found that Meteorus gyrator was noticed to discriminate
between healthy and infected host larvae. In addition,
the parasitoid that transmitted the virus at low levels sig-
nificantly increased total host mortality and decreased

the damage in tomato fruits when combined with the
virus.

c. Development and survival of parasitoids in infected hosts
Irabagon and Brooks (1974) reported that the late expos-
ure of the baculovirus-infected host larvae to the parasit-
oids increased the percentage of successful development
of the parasitoids. In this respect, Hochberg (1991)
found that when there was either no interval or an insuf-
ficient interval between parasitism and virus inoculation,
the number of eggs deposited by the parasitoid female
was unaffected, but the parasitoids could not complete
development because the larvae die of viral infection
quickly and fewer parasitoids emerge from the host.
Beegle and Oatman (1974) reported that larvae of the

parasitoid Hyposoter exiguae (Viereck) inside Trichoplusia
ni larvae infected with NPV prior to parasitism died when
their host died from infection. Hutchkin and Kaya (1983)
conducted a survey of several parasitoids for their ability
to develop to pupae in virus-infected hosts. They found
that the tachinid Compsilura concinnata (Meigen), the
two ichneumonids Campoletis sonorensis and Hyposoter
exiguae, and the braconid Cotesia marginiventris devel-
oped to pupae in the armyworm, Pseudaletia unipuncta,
infected with either NPV or GV. However, Chelonus insu-
laris died when its host, P. unipuncta, infected with NPV
or GV died, while the braconid Glyptapantele smilitaris
(Walsh) died in NPV-infected P. unipuncta before the
mortality of its host. In addition, H. exiguae, C. insularis,
and C. marginiventris developed to pupae in GV-infected
S. exigua larvae.
Abbas (1987b) found that the ecto-larval parasitoid

Bracon brevicornis (Wesm.) developed successfully on its
host, Heliothis armigera treated with NPV 24 h before
exposure to the parasitoid females. When parasitism
occurred 48 h post-larval infection, only 24.6% of the
parasitoid’s progeny developed to adults. However, all
parasitoid’s progeny died when the host larvae were par-
asitized 3, 4, or 5 days post-infection. Eller et al. (1988)
recorded a high mortality rate in Microplitis croceipes
larvae when its host larvae, S. exigua, died from NPV
infection.
Murray et al. (1995) mentioned that the larval parasit-

oids Meteorus demoliter (Wesm.), Cotesia kazak (Tele-
nge), and Hyposoter didymator (Thunberg) required 3
days before the treatment of their host, H. armigera, larvae
with NPV to complete their development successfully.
Kunimi et al. (1999) came to almost similar results as they
found that infection of Pseudaletia separata Walker with
the GV of Pseudaletia unipuncta (Haworth) (PuGV) nega-
tively affected the development and survival of its larval
parasitoid, Cotesia kariyai (Watanabe). No parasitoid
larvae emerged from virus-infected host larvae when the
2nd and 3rd larval instars were infected and then exposed
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to the parasitoid in the 4th instar. Also, the parasitoid
larvae could not develop in the virus-infected hosts when
the 4th instar larvae were simultaneously parasitized and
virus-infected.
Similarly, Escribano et al. (2000) found that all S. frugi-

perda larvae that were treated with a lethal dose of
SfMNPV were unsuitable for the development of the
egg-larval parasitoid Chelonus insularis. Also, the larval
parasitoid, Campoletis sonorensis, did not survive in host
larvae treated with the same virus immediately after
parasitism, but its survival was possible with a 2-day
delay between parasitism and viral infection. Further-
more, the percentage of parasitoid emergence increased
significantly as the interval between parasitism and
virus-infection increased. Mathews et al. (2004) reported
that the survival of Meteorus gyrator within its host,
Lacanobia oleraceae, infected with a GV increased as
the time between parasitism and infection increased. No
parasitoids could develop when parasitism occurred
before GV infection whereas infection after parasitism
had no effect on the larval or pupal developmental
periods.
Nguyen et al. (2005) found that survival of the devel-

opmental stages and the adults of Meteorus pulchricornis
emerged from NPV-infected S. exigua larvae was
adversely affected when the larvae were exposed to high
doses of the virus 1–3 days post-parasitism. Also, Rabie
et al. (2010) stated that NPV-infected Mamestra brassica
caused deleterious effects to the parasitoid Habrobracon
hebetor Say. This deleterious effect was dependent on
the interval between viral-infection, parasitism timing,
and the dose of virus. Very few adult parasitoids could
emerge from parasitized hosts treated with 180 PIBs/
mm2 of the diet when exposed to the parasitoid 72 h
post-infection. However, Cai et al. (2012) mentioned that
the survival rate of adults of Microplitis bicoloratus Chen
emerged from S. exigua larvae treated with SeMNPV
decreased with increasing virus doses against the 2nd to
4th larval instars.
Azam et al. (2016) treated the 2nd instar larvae of S.

litura which developed from eggs parasitized with the
egg-larval parasitoid Chelonus inanitus with a GV. Their
results showed that percentages of the emergence of the
parasitoid larvae from the host larvae as well as their
pupation rate and adult emergence were significantly
lower compared to those from the uninfected ones.

d. Effect on parasitoid adults fed on virus
The longevity of parasitoid female adults of Bracon brevi-
cornis fed on honey or a mixture of honey and NPV (103

PIBs) 1:2 was not significantly affected (34.5 and 33.3 days,
respectively) (Abbas 1987b). Hui-Fang et al. (2013) re-
ported that the progeny of Meteorus pulchricornis female
which ingested S. exigua NPV was significantly affected at

1 and 2 days post-ingestion. The average number of the
offspring of treated females was 2.6 cocoons/host larva
compared to 4 cocoons for the control female (fed on
honey only). However, no significant differences were ob-
served in the number of produced cocoons/host between
treated and control females at 3 or 4 days post-ingestion.

e. Effect of parasitism on host susceptibility to virus infection
Eller et al. (1988) found that when the larvae of H. zea
were exposed to Microplitis croceipes females and then
infected with HzMNPV, the rate of virus-induced
mortality decreased with the increase of host age at the
time of infection. The rate of pupated H. zea larvae as
well as the cocoon formation of M. croceipes increased
with the increase of host age at infection for both para-
sitized and unparasitized larvae. Santiago-Alvarez and
Caballero (1990) noticed decreased virulence of GV of
Agrotis segetum (Denis) to larvae parasitized with
Apanteles telengi compared to unparasitized larvae.
However, there was no difference in the virulence of
GV between larvae parasitized with Campoletis annu-
latus and unparasitized ones.
Murray et al. (1995) reported that the LD50 of H.

armigera NPV for H. armigera larvae was higher in lar-
vae parasitized with Microplitis demolitor (Wilkenson)
than in unparasitized ones. Washburn et al. (2000)
found that Manduca sexta (L.) larvae infected with
Autographa californica (Speyer) NPV died more rapidly
and at higher rates when they were parasitized by Cote-
sia congregate (Say). However, Escribano et al. (2001)
reported that the virulence of NPV to unparasitized
larvae of S. frugiperda did not differ from that to larvae
parasitized with Chilonus insularis. Mathews et al.
(2004) reported that the percentage of mortality of GV-
infected Lecanobia oleraceae larvae was significantly
higher when a combination of the larval parasitoid
Meteorus gyrator and the virus was used compared to
either the virus or the parasitoid alone. Similarly, Cai
et al. (2012) found that mortality percent of S. exigua
larvae was significantly higher (more than 80%) when
co-exposed to the virus, SeMNPV and the parasitoid
Microplitis bicoloratus compared to the virus alone re-
gardless of the virus doses or the timing of virus treat-
ment. Hui-Fang et al. (2013) found that when the 3rd
instar larvae of S. exigua were exposed to SeMNPV and
Meteorus pulchricornis simultaneously, differences in
virus-induced mortality varied in parasitized and unpara-
sitized larvae according to virus concentration. Parasitism,
significantly, increased the mortality in larvae infected at
concentrations of 105, 106, or 107 PIBs/ml compared to
unparasitized ones. However, at the concentration of 103

PIBs/ml, parasitized larvae were less susceptible to virus
infection than unparasitized ones.
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Discussion
Insect predators can attack and consume virus-infected
prey with no detrimental effects on their biological param-
eters, and, in addition, they excrete detectable amounts of
the virus for few days. Laboratory studies showed that
predators that offered healthy and pathogen-infected prey
showed lower preference (Young and Yearian 1990a),
higher preference (Pell and Vandenberg 2002) and no
preference (Thomas et al. 2006) to infected prey. Field ex-
periments revealed that the predators can disseminate the
virus in the field (Vasconcelos et al. 1996; Young and
Yearian 1987; Treasy et al. 1997; Boucias et al. 1987; Black
2017). The predators seem to be little affected by feeding
on virus-infected prey due to the more acid in their digest-
ive system (Groner 1990). However, the predators Nabis
spp., Reduviid spp., Geocoris spp., Orius spp., coccinellids,
and spiders were reported to be vectors of insect viruses
in the field, but their significance in inducing epizootics
was determined to be minimal (Roy and Holt 2008).
Parasitoids may become carriers of virus by emerging

from infected hosts, application of virus- commercial prod-
ucts or by adults feeding or depositing eggs in infected
hosts (Raimo et al. 1977). Adult parasitoids may accept
virus-infected hosts for oviposition and the parasitoid im-
matures may complete development in the infected hosts
or undergo deleterious effects. Such deleterious effects vary
depending on the period between infection and parasitism,
the age of infected host and the dose of the virus (Young
and Yearian 1990a; Rabie et al. 2010). Combination of a
parasitoid and NPV in the field caused population reduc-
tions of the target pest than using the virus alone (Jiang
et al. 2011), or increased the total mortality of the pest and
reduced the damage of the plants (Mathews et al. 2004).
From the data obtained in this review article, it can be

claimed that the interactions between baculoviruses and the
other natural enemies of insect pests (predators and parasit-
oids) seem to be complicated. The predators mostly accept
and feed on virus-infected prey that may result in decreasing
the population of the virus in the field. On the other hand,
the predators proved to disseminate the virus in the field
through their feces that may result in the increase of the
virus efficiency. As for parasitoids, they mostly cannot
complete their development inside or on the virus-infected
hosts which may lead to the reduction of their population in
the field. In the meantime, adult parasitoids can disseminate
the virus in the field, mechanically, by the mouth parts after
feeding on infected hosts (the ecto-parasitoids) or by the
ovipositor after parasitizing infected hosts.
In conclusion, the interaction between the virus and

the parasitoids seems to be in favor of the virus while it
seems to be in favor of both the virus and the predator.
However, further field studies should be done to spot
light on the combined effects of such biological control
agents against insect pests.
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