
Entomo-pathogens



Pathogens
Associations between Microorganisms and insects range from 

mutualistic associations to those where the microorganism causes fatal 
disease in the insect host. 

Infectious insect diseases, usually causing deleterious effects in the 
invaded host, occur frequently in insects and often act as important 
natural control agents. (Infection is the invasion of a host organism's 
bodily tissues by disease-causing organisms, their multiplication, and the 
reaction of host tissues to these organisms and the toxins they 
produce. Infectious diseases, also known as transmissible 
diseases orcommunicable diseases).

Insect pathogens are most often viewed as microbial insecticides.



Pathogens
Entomogenous: Organisms growing in or on the bodies of insects;

usually connotes a parasitic or other intimate symbiotic relationship.

Entomophagous: Insectivorous; the consumption of insects and
their parts.

Entomophilic: Associations between insects and other organisms,
e.g. plant, microorganisms, Protozoa, and nematodes.

Horizontal transmission: Transmission of a pathogen from
infected individuals to conspecific individuals within a generation or
overlapping generations in a season.

Vertical transmission: Transmission of a pathogen from one
generation of host to the next.

Transovarial (or transovarian) transmission: Transmission
from one generation to the next via the egg. The pathogen is
transmitted within the ovary of the infected female and usually is
found in the cells of the embryo.



Pathogens
Transovum transmission: Transmission from one generation to

the next via the egg. The pathogen can be on the surface of the egg
and ingested upon hatch of the neonate host, or can be within the host
embryo (transovarial transmission). Transovarial transmission is a
special case of transovum transmission.

Invasion/Infection: Invasion is the entry of a microorganism into
the host body. Primary invasiveness is a property of pathogenic
microorganisms. Infection implies that the pathogen enters the body
of the host, usually the cells, and be able to reproduce to form new
infective units. Simply ingesting a pathogen does not imply infection.

Latent infection: Unapparent infection; the pathogen is in a non-
reproductive phase and a pathogen-host equilibrium is established.

Pathogenicity and virulence: Pathogenicity is the ability of an
organism to invade the host and cause disease.



Virulence is the degree of pathogenicity within a
group or species of parasites as indicated by case
fatality rates and/or the ability of the organism to
invade the tissues of the host. The pathogenicity of an
organism - its ability to cause disease - is determined
by its virulence factors. The noun virulence derives
from the adjective virulent. Virulent can describe
either disease severity or a pathogen's infectivity. The
word virulent derives from the Latin word virulentus,
meaning "a poisoned wound" or "full of poison.



Non-pathogenic organisms & insects 
associations

Technically, the living together of dissimilar organisms regardless
of the result of such an association is called symbiosis.

Every insect/microorganism association is a symbiotic association
and this would include all associations discussed within the subject
area of biological control.

When examining insects and diagnosing insect diseases, non-
pathogenic organisms are often encountered and may be confused
with true insect pathogens.

There are mainly two kinds of insect/non-pathogenic organisms
associations: Casual and mutualistic associations.



Non-pathogenic associations
Casual associations:
Insects harbour microorganisms that occur in their immediate

environment. Bacteria, fungal conidia, free living Protozoa and other
organisms adhere to the cuticle of insects and may pass through the
digestive tract.

Such associations are largely accidental and are usually neither
harmful nor beneficial to either insect or microorganism.

Mutualistic associations:
Most groups of organisms (viruses, bacteria, fungi, and Protozoa)

have mutualistic associations with insects. These associations may be
either intracellular or extracellular and are usually associated with insects
that have some nutritional difficulty.

The microorganisms provide a required nutritional compound or an
enzyme necessary for converting an unusable into a usable food product.

Although there have been attempts to manipulate mutualistic
associations as a means of biocontrol, the potential of this approach
appears limited at this time.



Non-infectious diseases of insects
Generally speaking we can distinguish between non-infectious

diseases caused by abiotic agents and infectious diseases caused by
pathogens.

It is of paramount importance to be able to distinguish between these
two kinds of infections that can cause insects death in order to assess
accurately and precisely the efficiency of biological control means.

Physical injuries, chemical injuries, nutritional deficiencies, genetic
abnormalities, and neoplasms (a new and abnormal growth of tissue in
some part of the body, esp. as a characteristic of cancer) may result in a
disease state.

With the exception of sterility, non-infectious diseases are seldom
considered a component of a biological control program.

When evaluating individual insects or a population of insects for the
underlying causes of disease, researchers should be aware of several
possibilities other than infectious diseases.



Non-infectious diseases of insects
Physical injuries:

Insects are naturally somewhat protected from injury by the
cuticle, tracheal system, and physiological adaptations.

Injuries occur and include distension (blockage), trauma such as
abrasions/contusions/ concussions/crushing, and open wounds.

These injuries may include blood loss, tissue changes, and
exposure to pathogens.

Extreme cold and heat, as well as solar radiation and drought, can
harm insects, often figuring strongly in the increase or decline of
insect populations.

Chemical injuries:

Chemically poisoned insects can have the appearance of pathogen-
infected insects.



Non-infectious diseases of insects
Chemical injuries:

Plant secondary compounds can poison non-adapted hosts, as can
toxins produced by microorganisms.

Toxins are sometimes a factor in the virulence of
entomopathogens.

Insecticides may be physical poisons, protoplasmic poisons,
metabolic inhibitors, hormone mimics, stomach poisons, or
neuroactive agents.

Most synthetic insecticides are neurotoxins.

Genetic diseases:

All hereditarily transmitted biochemical, physiological, and
morphological characters which are harmful for the organism are
genetic diseases.



Genetic diseases:
Genetic diseases may be classified as:

Lethal factors: mutants or deficiencies.
Sterility factors, usually chemical or irradiation mutations of males,

have been used successfully in biological control programs.
Structural alterations include any malformations such as winglessness,

deformed body parts, supernumerary appendages, etc.
Tumors.
Gynandromorphs (A gynandromorph is an organism that contains

both male and female characteristics. The term gynandromorph, from
Greek "gyne" female and "andro" male, i) are inter-sex mutants that are
usually sterile.

Neoplasms:
They are abnormal masses of tissue, the growth of which exceeds and

is uncoordinated with that of normal tissue and persists in the same
excessive manner after cessation of the stimulus that evoked the change.

Etiologies (Etiology is the study of causation, or origination) may
include carcinogens, inflammation, trauma, and viruses



Non-infectious diseases of insects
Biological agents:

Predators that don't kill insect prey outright may leave wounds for
which the same responses occur as for other physical injuries.

Parasites may cause irritation and destruction of tissues, resulting
in mechanical injury, for example, piercing of the host integument by
female parasitoids, and surface feeding or feeding on (usually non-
vital) tissues.

Emergence of endoparasites usually causes death of the host.

Nutritional diseases:

Deviations from basic conditions needed for attraction to and
survival on a food source can lead to nutritional disease.



Non-infectious diseases of insects
Nutritional diseases:

Improper balance of nutrients, amino acids, proteins, fats,
carbohydrates, vitamins, inorganic ions, etc. can cause various
symptoms of nutritional disease.

Limited feeding reduces growth, development, and reproduction.

When insect populations outbreak, over-utilization of the food
source can result in starvation of not only the outbreak species but
also of other species utilizing the same food sources.

Symptoms in larvae include severely affected growth rates and
development.

Often adults have deformed wings, and mating and egg production
may be seriously affected.



Infectious diseases of insects
Infectious agents are living units that must invade the insect host in 

order to initiate an infection. Unlike parasites and predators, pathogens 
do not always kill the hosts. Infection usually involves reproduction of 
the agent. 

Invasion of the host may be dermal, body opening, oral by 
feeding/drinking, or introduced by stings of contaminated or infected 
parasites. 

The specific characteristics of the infective stages of pathogens greatly 
influence how they contact and infect their hosts.

The infectious agents responsible for transmission of the pathogen are 
susceptible to many environmental factors: Few can survive more than a 
few hours of direct sunlight. Others may be particularly susceptible to 
dry conditions, high temperatures, freezing, and many chemicals. 

Survival of the infective stage of insect pathogens outside the host is a 
major factor in the development of microbial insecticides.



Infectious diseases of insects
All insect pathogens have a physiological host range in which they can 

potentially survive and reproduce. 

Some pathogen species may be very host specific, while others may 
be able to infect a wide range of insect species. 

The host range of a pathogen is especially important when considering 
a non-indigenous pathogen for introduction into a new habitat.  

Sub-lethal infections are not uncommon and these may include 
behavioural and developmental changes as well as a decrease in the 
fecundity of infected adults. 

Insects are infected by an incredibly large number and diversity of 
pathogen species. Most insect pathologists believe that there are actually 
more species of insect pathogens than there are species of insects. 

The major pathogen groups containing species that infect insects are: 
viruses, bacteria, fungi, protozoans, microsporidia, and nematodes. 



Use of pathogens in insect biocontrol
Insect pathogens are used in biological control in at least three different
ways: inundative applications, inoculative releases, management of
naturally occurring pathogens, and introduction of exotic pathogens as
classical biological control agents.

Inundative applications:

They  are those in which insect pathogens are applied in large 
quantities with the goal of killing as many individuals of the pest 
population as quickly as possible. 

Pathogens used in this manner are called microbial insecticides. 

Replication of the pathogen in the host and production of additional 
infectious propagules may be desirable, but is not usually required for 
microbial insecticides to be effective. 



Use of pathogens in insect biocontrol
Inoculative applications:

Inoculative applications are those in which small quantities of 
insect pathogens are applied or released into an insect host 
population. 

The goal is to produce infections in at least a few hosts, which 
will, in turn, produce numerous infectious propagules that will infect 
many more susceptible hosts. 

Introduction of exotic pathogens as biocontrol agents: 

Hundreds of exotic parasitoids and predators have been introduced
into different countries as classical biological control agents however
few exotic species of pathogens have been intentionally introduced.

Difficulties in identifying and isolating insect pathogens, along 
with regulatory uncertainties, have contributed to the under-
utilization of insect pathogens as exotic biological control agents. 



Use of pathogens in insect biocontrol
Management of naturally occurring pathogens:

Insect pathogens are important components of the natural enemy
complex of many insect species, including pest species.

Some groups of pathogens, such as microsporidia, may not always
maintain host insect densities below economic thresholds, but they
suppress the rapid increase of pest populations.

Insects pathogens are often responsible for the decline of populations
that have exceeded the economic threshold.

In most cases the major goal for managing naturally occurring insect
pathogens is to elicit an epizootic earlier in the season, before the host
densities have exceeded the economic threshold.
an epizootic is a disease that appears as new cases in a given animal population,
during a given period, at a rate that substantially exceeds what is "expected"
based on recent experience (i.e. a sharp elevation in
the incidence rate). Epidemic is the analogous term applied to human
populations.)



Use of pathogens in insect biocontrol

Management of naturally occurring pathogens:

This can be accomplished by inoculative releases of the pathogen or by
changing cultural and phyotosanitary practices to promote an epizootic.



Types pathogens
Insect viruses:

Viral diseases have been found in 13 insect orders and most likely
occur in all orders. Viruses that are primarily or exclusively found in
insects are currently placed in 12 families (Miller, 1998):

DNA Viruses: Baculoviruses (Nuclear polyhedrosis viruses- NPV
and Granuloviruses-GV), Ascoviruses, Iridoviruses, Parvoviruses,
Polydnaviruses and Poxviruses.

RNA Viruses: Reoviruses (Cytoplasmic polyhedrosis viruses),
Nodaviruses, Picorna-like viruses and Tetraviruses.

Bacterial pathogens:

They can be divided into two broad categories, non-spore-forming
bacteria and spore-forming bacteria.

Although most of the species isolated from diseased insects are
non-spore-forming, spore-forming bacteria in the genus Bacillus are
the most important from the standpoint of biological control.



Types pathogens
Fungal pathogens:

Entomopathogenic fungi are able to invade their insect hosts by
penetrating directly through the cuticle.

The fungal spore first adheres to the cuticle.

Under appropriate conditions the spore germinates, penetrates the
cuticle of the host and enters the hemocoel.

Fungal reproduction occurs in the hemocoel of the insect host.

As the hemocoel becomes filled with hyphal bodies, the insect
usually dies and the fungus continues to develop saprophytically.

After the body of the dead insect is filled with mycelia, fruiting
structures emerge from the cadaver and produce infectious spores.

Dead insect has the consistency of a moist loaf of bread and,
depending on the colour of the spores or conidia, may appear white
or some darker colour.



Types pathogens
Fungal pathogens:

Tanada and Kaya (1993) listed 8 classes, 13 orders and 57 genera
that contain entomopathogenic species of fungi.

There are five major groups of fungi: the Flagellate fungi or
Chytridiomycetes, the Oomycetes (also flagellate but also not true
fungi), the Zygomycetes, the Ascomycetes, and the Basidiomycota.

The Zygomycota and the Ascomycota contain common insect
pathogens that are also useful in biological control programs.

Microsporidia:

Microsporidia are important primary pathogens of insects.

Their best use will probably be as augmentatively released or
classical biological control agents, not as pesticides.



Types pathogens
Microsporidia:

The only microsporidian ever registered as a microbial pesticide
(in the USA) is Nosema locustae, a pathogen of grasshoppers.

Two other microsporidian species that are known to control
populations of pest insects: Nosema fumiferanae and Nosema
pyrausta.

Protozoa:

Protozoa are the most taxonomically diverse group of insect
pathogens.

Protozoa range in their interactions with insects from
commensualists and mutualists, to plant and animal pathogens
vectored by insects, to acute insect pathogens.



Types pathogens
Protozoa:

Of some 14,000 described species of Protozoa, about 500 are
pathogens of insects. Many are chronic pathogens that may debilitate
a host without producing obvious disease symptoms but some species
are extremely virulent, causing stunted growth, slow development,
and early death.

Entry into the host is typically by ingestion, but some can invade
through the cuticle.

Some species may be transovarially transmitted from infected
females to their offspring.

Species that invade the cells of the host are usually found in the
cell cytoplasm and are typically more pathogenic than extracellular
species.

Some protozoans exhibit tissue tropism, infecting only certain
tissues or organs, others are systemic.



Types pathogens
Protozoa:

No toxins have been found to be associated with protozoa in insects.

Death or debilitation of infected hosts may be, for example, the
result of competition for metabolites, disruption of normal cell and
tissue function, or blockage of the gut or other organs by extracellular
species.

The insect-pathogenic Protozoa are currently recorded from four
major groups: Amoebas, Gregarines, Flagellates and Ciliates.

Nematodes:

Some entomogenous nematodes have characteristics that allow them
to be considered with the pathogens.

The most important insect pathogenic nematodes for biological
control are very small and use mutualistic bacteria to kill the host.



Types pathogens
Nematodes:
Although nematode species in at least 20 families are primary or

facultative parasites of insects, those in the order Rhabditida have
been most exploited as biological control agents.

Species in the genera Steinernema and Heterorhabditis
(Steinernematidae and Heterorhabditae, respectively), are particularly
amenable to mass production and application in a variety of pest
systems.

Entomopathogenic nematodes enter the host via natural body
openings or through the cuticle.

Some species utilize an anterior stylet or a tooth to rasp the cuticle
and gain entrance into the hemocoel.

Others ingress by ovipositing on the host food source and the eggs
hatch in the host midgut.

Effects of nematode parasitism on the hosts can be sterility,
reduced fecundity, reduced mobility and life span, behavioural and
morphological changes, and death.



Thank you for your 
attention 
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