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ABSTRACT 
 
Accumulated evidences gathered over recent decades demonstrated that Baculoviruses (Occlusion 
body forming nucleopolyhedroviruses and the host specific granuloviruses) have proven Biocontrol 
activities on insect and pests of agricultural importance while being non-pathogenic to humans. 
These studies have laid the foundations for the launch of several trials phases using Baculoviruses 
on specific insect pests for their efficacy as viral Biocontrol agents. After a brief overview of the 
biology of Baculoviruses, this review focuses on the studies which unraveled the Biocontrol 
properties of these agents and supported their use as biopesticides of insect pests resistant to 
chemical pesticides. Furthermore, this review emphasizes the development of more complex 
Baculovirus treatment strategies aimed at enhancing formation of occlusion bodies, accelerated 
virus replication of infective budded forms in insect hosts and improvement of direct lethal effects in 
several insect developmental forms as necessary tools for increased efficacy in viral Biocontrol of 
insect pests of agricultural importance. However, the review also addressed the key challenges that 
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remain towards a more efficient use of Baculoviruses as biopesticides, and discuss how a better 
understanding of the virus life-cycle of and the cellular factors involved in virus infection, replication 
and cytotoxicity may promote further development of integrated pest management involving viral 
biopesticides and chemical insecticides to open up new prospects for treatment of plant diseases of 
economic importance. 
 

 
Keywords: Baculoviruses; viral biocontrol; occlusion bodies; integrated pest management; insect 

pests. 
 

1. INTRODUCTION 
 
Baculoviruses (Baculoviridae) are a large group 
of host-specific viruses with double stranded 
circular DNA genome ranging from 80 to 180 kilo 
base pairs (kbp) that infect arthropods chiefly 
insects; Baculoviruses sustains high levels of 
environmental stability due to their formation of 
thick protein shell around their nucleocapsid 
know as occlusion bodies (OBs) [1-3]. 
Baculoviridae has two genera, the 
Nucleopolyhedroviruses (NPVs) and the 
Granuloviruses (GVs); the NPVs have a single 
occlusion body (OB) formed by the viral 
polyhedrin protein which contains multiple 
nucleocapsids packed singly or in groups while 
GVs have their OBs with single nucleocapsid 
formed by the viral granulin proteins [2-4]. The 
OBs have a carbohydrate-rich coat that helps to 
protect them from degradation, particularly if 
eaten by larger animals [5,6]. Baculoviruses 
develop non-occluded forms referred to as the 
Budded form; this is formed during infection of 
insect hosts, in which budded form spreads 
infection within insect host tissues [2,7]. 
 
Recently, Baculoviruses have been subdivided 
into four genera these include the Alpha 
Baculoviruses (the Lepidopteran specific 
Nucleopolyhedroviruses), Beta Baculoviruses 
(the Lepidopteran specific Granuloviruses), 
Gamma Baculoviruses (the Hymnopteran 
specific Nucleopolyhedroviruses), and Delta 
Baculoviruses (the Dipteran specific 
Nucleopolyhedroviruses) [2,5,8]. Baculoviruses 
predominantly infect the immature (larval) forms 
of moth species but they also 
infect sawflies, mosquitoes, and shrimps [3,9-11]. 
The viruses have been known to be capable of 
entering mammalian cells but they do not 
replicate in vertebrate animal tissues [5-7].  
 

Baculoviruses require a capsid glycoprotein 
(gp64) to be able to spread systemic infection as 
infective budded forms [5,12,13]. The Gp64 is 
essential for efficient budding of the virion and for 

the cell-to-cell transmission during the infection 
cycle as well as enhancing viral trophism and 
endosome-mediated uptake to the cells [12-14]. 
The capsid glycoprotein (Gp64) also functions in 
the pH-mediated envelope fusion of virus and 
host cell endosomes [3,12-14]. The autographa 
californica multicapsid nucleo-
polyhedroviruses (AcMNPV) originally isolated 
from the Alfalfa looper (a Lepidopteran) has been 
the most widely studied of the Baculoviruses 
[2,3,8,11]. AcMNPV contains a 134-
kbp genome with 154 open reading 
frames (ORF) [6,11,15,16].  

 
2. BIOLOGICAL CONTROL OF INSECTS 

AND PEST OF AGRICULTURAL 
IMPORTANCE 

 
The use of organisms to control damaging pests 
is broadly known as biological control or 
Biocontrol [2,3,17]. There are four basic 
approaches of Biocontrol of insect pests, these 
include: Predators, which prey on the target 
species; Parasites or parasitoids; Pathogens, 
which cause disease in the target species and 
competing species (antagonists) [17-19]. Viruses 
over the years have been employed increasingly 
for the control of multiple species of insects and 
also for the control of rabbits [5,11 20]. 
  
Viral Biocontrol agents have also been 
recognized as inherently less toxic 
environmentally than conventional chemical 
pesticides [21-23]. Hence, their use as biological 
pest control agents have been greatly 
encouraged given their comparative advantage 
as fastidious host-specific organisms [23-25]. 
However, there have been some setbacks that 
have been encountered in the use of viral 
biopesticides and these include: High host 
specificity which limits the range of insects that 
can be controlled; relatively slow effects 
compared to chemical agents and low 
environmental stability particularly in sunlight [2, 
3,5,21]. 

 



3. BACULOVIRUSES AND BIOCONTROL 
OF INSECT PESTS OF AGRICUL
TURAL IMPORTANCE 

 
The mechanism of action of Baculoviruses 
against wide arrays of insect pest is due to their 
ability to multiply and replicate rapidly in different 
developmental forms of insects (larva or adult 
form) and cause multiple cytotoxic e
hosts [5,26,27]. They are ingested by insects as 
occlusion body (OB) forms and then spread in 
insect guts via the budded forms infecting the 
connective tissues and are transported across 
internal organs where the initiate multiple tissue 
necrosis [19,28-30]. As part of their infectious 
cycle, Baculoviruses are eaten by insect larvae. 
They then infect the cells of the gut and grow 
there. From these cells, the virus can then 
spread throughout the body of the insect, 
destroying it and releasing a new generation of 
the occluded body forms of the virus from the 
liquefied remains of the killed insect forms [2,3, 
31-34]. 
 
In contrast to the resistance to chemical 
insecticides developed by insects, insect forms 
rarely develop resistance to viral biopesticides [2, 
3,5,35]. Insects generally acquire increasing 
 

Fig. 1. The baculovirus multicapsid of a 
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insecticides developed by insects, insect forms 
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35]. Insects generally acquire increasing 

resistance as they mature in development to 
insecticides in a process known as 
developmental resistance, this ability is not 
necessarily transmitted to the next filial 
generation of insect larvae forms, hence, 
resistance is not inheritable [2,4,20,26,
  
4. BACULOVIRUSES AND INTEGRATED 

PEST MANAGEMENT 
 
The term integrated pest management (IPM) 
approach refers to the use of multiple insect pest 
control methods together in synergy to reduce 
pest numbers to acceptable levels [17,24,
Biological control agents are often used as part 
of an IPM strategy and this may include 
introducing or maintaining habitats for natural 
enemies, such as hedgerows or suitable plants, 
along with reducing the conditions that will favor 
the survival of targeted pest organisms [10
20,24,38]. Chemical pesticides can also be used 
in synergy with other approaches, including viral 
biological agents of which Baculoviruses hold a 
huge comparative advantage 
However, the chemical pesticide to be employed 
in synergy must have no or low toxic effect on 
the performance of the biological agent used [5
8,37-39]. 
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Fig. 2. Generalized infection cycle/ mechanism of action of baculoviruses on insect hosts 
 

Table 1. Some selected baculoviruses used as viral biopesticides [3,13,14,21] 
 

Selected baculovirus strain Trade names Target  insects 

Anagrapha falcifera NPV CLV LC Celery looper 

Codling moth GV Carpovirusine, Cyd-X, Madex Codling moth 

Helicoverpa zea NPV (Biotrol VHZ), Gemstar LC 

 

Cotton bollworm, tobacco 
budworm, tomato fruit worm 

Heliothis armigera NPV Ness-A Old world bollworm 

Lymantria dispar NPV Gypchek, Gypsy moth NPV Gypsy moth 

Neodiprion lecontei NPV Lecontvirus Redheaded pine sawfly 

Orgyia pseudotsugata NPV TM Biocontrol 1, Virtuss Douglas fir tussock moth 

Plodia interpunctella NPV Nutguard-V, Fruitguard-V Indian meal moth 
N.B. Strain names follow the naming conventions for Baculoviruses, where each virus is named for the target 

insect followed by general type (genus) of the infecting Baculoviruses; Nucleopolyhedroviruses (NPV) or 
Granuloviruses (GV) 

 
Viruses are generally impermeable to chemical 
agents and relatively unaffected by the chemical 
treatments, thus they are well suited for 
synergistic uses with other in an IPM approach 
[20,21,24,35,39]. Some Baculoviruses are also 
known to have additive effects on the efficacy of 
chemical treatments on yam beetles and they 
helped in quick exertion of controlling effects [14, 
33,39-40]. 

5. BACULOVIRUS BIOCONTROL OF 
INSECT PESTS AND THE FUTURE 

 

The use of viruses in Biocontrol of insect pests 
and worms of agricultural importance is gaining 
momentum as emerging frontiers of 
environmental Biocontrol agents [2,3,40-42]. For 
the full potential of these viral biopesticides to be 
exploited, the development of more effective 

Occluded virus forms eaten 
by insect pests (or applied 
directly to infested plants) 

Hymenopteran, 
dipteran or 

lepidopteran insect 
forms eat Occlusion 
body forms of virus 

(OB) 

Occlusion bodies (OBs) dissolve in 
insect gut and infective budded 
forms are released to infect gut 

cells and connecting tissues 
Viral Transfection of 
insect organs and 

systems by infective 
budded viral forms 

 

Death of Insect and 
release of occluded 

virus forms on plants 
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treatment strategies aimed at enhancing 
formation of occlusion bodies and development 
of infective budded forms of the viruses in insect 
developmental forms will be necessary [4,5,13, 
18].  Furthermore, the varying susceptibility of 
some adult insect pest forms to ingested 
occlusion bodies and budded infective virus 
forms should be researched [3,20,23,24]. 
Researchers should also be encouraged to study 
the host specific barriers of Baculoviruses in 
different demonstration models for further 
optimization of Baculovirus-based therapy of 
plant diseases whose vectors are insect pests [2, 
24,26,43]. More importantly, the efficacy of 
synergistic chemical treatments of insect pests 
with Baculoviruses can be further researched as 
a frontier in integrated pest management of 
insect pests of agricultural importance [3-8,17, 
37,40-42]. 

 
6. CONCLUSION 
 
The use of Baculoviruses as viral Biopesticides 
presents a relatively cheap, practicable, 
environmental friendly and potent tool for 
Biocontrol of insect pests of agricultural 
importance of farm crops and stored products. 
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