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Section 11: Insect pathogens
• Microbial pathogens important in

natural population regulation.
Sometimes cause changes in insect
behavior. At high host density
cause epizootics.

• Some pathogens are important as
biopesticides.

• Some (e.g., Bacillus thuringiensis)
are source of genetic material for
genetically engineered plants.

This is not a healthy
insect! Do you know the
cause of its demise?

• Pathogens have been available for insect control since the
1890s, but only a few have gained much acceptance.
• Industry reluctant to invest; most products from public-
sector research.

Advantages of pathogens

• Specificity

• No toxic residues

• Slower resistance?
– Toxins, engineered?

• Compatible with pesticides

• Applied with pesticide technology

• Easily modified genetically
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Disadvantages of pathogens

• Specificity

• Short shelf life and field persistence

• High population density optimal for spread

• Affected by weather

• Slow acting

• Cadaver residues contaminate produce

• Commercial development difficult

Types of pathogens: Fungi
• Generally infect when spores (conidia) make contact

with insect, and the emerging germ tube successfully
penetrates the insect’s integument. Sometimes they are
ingested or penetrate through openings. Fungal hyphae
develop internally until produce spores.

A dead fly adhering to a
window pane, showing scatter
of fungal spores. Not all fungi
discharge their spores forcibly.

Fungi

• Stickiness of spores varies.
• Moisture often limits spore

germination; temperature
affects vegetative growth.

• Fungi disrupt nutrition, destroy
tissues, and produce toxins;
strains differ in virulence.

• All insect orders are
susceptible to fungi.

Dead fly showing development of
Entomophthora muscae conidia on
legs. Mycelia grow from the
mouth to affect attachment to the
plant.



3

Sometimes insect behavior is modified to enhance pathogen distribution,
with the host moving upward to die; this often is called summit disease.
Grasshoppers infected with Entomophthora grylli (below left) ascend
vegetation, cling tightly with their legs, and die. Flies infected with
Entomophthora musca (below right) display a similar behavior.

Beauveria bassiana is
one of the most
widespread pathogens of
insects. In the photos at
right you see the remains
of an overwintering
European corn borer
larva inside a corn stalk
(the cadaver is covered
with mycelia and
conidia) and a
grasshopper infected
with Beauveria. This
pathogen is easily
produced and sometimes
available commercially.

A strain of Metarhizium anisopliae found in Africa (see greenish
conidia in photo below) is very infective to grasshoppers and
locusts. By mixing the conidia with oil, infectivity of the pathogen
is maintained even at low humidity, allowing the pathogen to be
applied effectively in the field even in arid environments. It is
known in Africa as green muscle disease.
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Some important fungi and
common hosts

• Entomophthora muscae - flies
• Erynia neoaphidis - aphids
• Beauveria bassiana - many insects
• Metarhizium anisopliae - many

insects
• Coelomomyces spp. - mosquitoes,

bugs
• Hirsutella thompsonii - mites
• Verticillium lecanii - aphids
• Nomurea rileyii - caterpillars
• Paeciliomyces fumosaroseus - bugs Erynia on aphids

Types of pathogens: Viruses

• Viruses are widespread in insects, and often quite specific,
affecting only a single species.

• They have no infective properties, other than invading
internal tissues,  so they must be ingested.

• Ingestion occurs by eating contaminated foliage, by
cannibalism, or when the female passes the disease to her
progeny on, or in, the egg.

• Though important in natural control, they also have
potential for manipulation as bioinsecticides and for
genetic engineering into host plants.

• Some have been commercialized, but they tend not to
persist for long as commercial products.

Some symptoms of infection by viruses. The green
clover cutworm (below) is uninfected, but the fat
body tissue of the yellow specimen is heavily
infected with virus. It will soon perish. The celery
looper (right) has already died. Its integument is
weakened by the infection, and will soon rupture
and drip body contents, including virus, onto
foliage below, where it may be ingested by other
loopers and spread through the population.
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Viruses

• Several types, including RNA

 and DNA viruses.

• Some are incorporated into proteinaceous structures
called occlusion bodies or polyhedra, which provide
stability and protection.

• Normally named after host
– e.g., Autographa californica nuclear polyhedrosis virus,

Orycytes nonoccluded virus, Anticarsia gemmatalis
baculovirus, gypsy moth baculovirus - but there are
exceptions - e.g., acute bee paralysis and chronic bee
paralysis

A scanning electron micrograph of
the inclusion bodies of a
baculovirus (nuclear polyhedrois
virus). Note their irregular (many-
sided) shape.

Thin section of a baculovirus as
viewed under a transmission
electron microscope. The dark rods
within the pretein inclusion body
are the virions (virus particles).

(photos D. Boucias)

Several major groups of viruses, including:

• DNA viruses
– Baculoviruses (NPVs and GVs)

– Entomopox viruses

– Reoviruses

– Iridoviruses

• RNA viruses
– Reoviruses (CPVs)

– Rhabdoviruses

– Picornoviruses
Gypsy moth larva dead from NPV. Is it any wonder
why NPV diseases are called wilt disease?
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Types of pathogens: Bacteria
•  May have or lack cell wall; individual cells or chains.

•  Most common organisms in insects, but not as important
as are fungi and viruses as insect pathogens.

• They have no infective properties except in invading
internal tissues, so normally they must be ingested.

• Some have been commercialized as bioinsecticides;
toxin-producing species are most effective.

A white grub infected with Bacillus
popillae, causing milky spore
disease (top right). The hemolymph
at the tip of the abdomen is cloudy
or milky instead of clear, hence the
name. This product is applied to the
soil to kill developing grubs.

The alfalfa webworms (bottom
right) were killed by an application
of Bacillus thuringiensis to foliage.
They stop feeding within a few
hours of ingesting the bacteria, and
die within a couple of days.

Bacillus thuringiensis (Bt)is the most important insect pathogen,
regardless of pathogen type.  It has been a commercial success for
decades because it is stable, works fairly rapidly, and has a fairly
wide host range. Its activity is due primarily to endo (crystal protein)
and exotoxin production which affects the insect gut. A high gut pH
is needed to activate the crystal protein. Spores germinate after
insect affected by toxins, then propagate. Toxins have been inserted
into transgenic plants. A sporangium is shown below.
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Some important bacteria, and hosts

• Bacillus thuringiensis var. kurstacki (and others)-
caterpillars

• Bacillus thuringiensis var. israelensis - aquatic 
flies

• Bacillus thuringiensis var. tenebrionis - beetles

• Bacillus sphaericus - mosquitoes

• Bacillus popillae - scarab beetles

• Bacillus lentimorbus -scarab beetles

• Bacillus larvae - bees

Bacillus thuringiensis israelensis is often
formulated as dry products: pellets (bottom
left) and brickettes or dunks (donut-shaped
floaters at right). They float and gradually
dissolve, when are picked up by the filter-
feeding larvae (bottom right). Liquid
formulations are also available.

Types of pathogens: Microsporidia
• Microsporidia infect many insects, but often are more

debilitating than acutely pathogenic.

• Although probably important in natural population
regulation, the low rate of mortality they induce precludes
most commercial development as a bioinsecticide. Also, in
vivo production is required.

• Not invasive; transmission oral, through eggs, and by
cannibalism.

• Spore provides stable environment for survival outside
host.

• Spore extrudes polar filament to initiate infection in host
cell once ingested.
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Diagram (left) and photo
(right) of spore extruding
polar filament

Important microsporidia, and hosts

Nosema locustae - grasshoppers and locusts

Nosema algerae - mosquitoes

Nosema apis - honey bee

Vairimorpha necatrix - caterpillars

Thelohania solenopsae - fire ants

The microsporidian Nosema
locustae was developed for
grasshopper control. In the
grasshopper below, Nosema
can be seen in the
intersegmental membrane areas
as unusually light areas.

Fire ant infected with Thelohania solenopsae (left) and
healthy ant (right). This pathogen spreads naturally, but also
is being introduced to ant colonies throughout the
southeastern USA to help reduce ant densities.
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Transmission of pathogens
• Natural transmission occurs when insects come into

contact with the pathogens in their environment, and the
pathogen germinates and penetrates (fungi), is ingested
along with food (all pathogens), or is passed along to the
next generation via the egg (most pathogens).

• Pathogens often are found in the soil, and rain splash
causes them to move up onto foliage where they can be
consumed.

• Vertebrate and invertebrate predators often eat infected
insects and then excrete viable pathogens in their feces.

• Parasitoids can move pathogens from infected to
uninfected host as they insert their ovipositor.

Transmission of pathogens

• Pathogens can be harvested from insects and
made into bioinsecticides.

• Pathogens can be cultured on synthetic media for
more economic production.

• Pathogens can be disseminated with conventional
insecticide application equipment.

• Pathogens can be auto-disseminated by attracting
insects to lures where they are contaminated with
pathogens, and then free to disperse them in the
environment.

The future of pathogens

• The toxins of pathogens can be synthesized and
used to make chemical insecticides. This creates
novel classes of insecticides, but does it address
the insecticide resistance problem?

• The toxins of pathogens can be inserted into
plants to confer host-plant resistance, but does it
create the potential for an enhanced rate of
resistance development?

• We need more knowledge on how to initiate and
stimulate disease epizootics.



10

Some questions about pathogens

• Can you name the principal types (groups) of
insect pathogens?

• Can you give an example of a specific pathogen
of each type?

• Can you name some pathogens that have been
commercialized?

• What is the most important insect pathogen, and
how does it affect the host?

More questions about pathogens

• Which pathogens can infect insects without
being ingested?

• Can you describe how insect pathogens are
transmitted?

• What group of pathogens typically causes
debilitating effects rather than acute mortality
when it infects insects?

• Why have insect pathogens been
commercialized as bioinsecticides? Why are
there not more bioinsecticides?

More questions about pathogens

• Can you name the type of pathogen that
causes the following diseases?

Summit disease

Wilt disease

Milky spore

Green muscle

Acute bee paralysis
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Questions on supplementary
reading

• Reading 15, Bt and corn
– What are the benefits of Bacillus thuringiensis (Bt)

incorporation in corn?

– Is Bt valuable for both early and late plantings of
corn?

– Were all modes of toxin expression equivalent
with respect  to protection against insects?

– Were insects other than fall armyworm and corn
earworm affected?


