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Summary: In nature, abundant natural antagonists of helminthes are found which including fungi, bacteria, viruses, 
insects, mites and some invertebrates that have been found potential to prey or invade of helminthes. Fungi are 
considered as the major microbial organism in many soils that have a significant association with nematodes by 
constantly destroy nematodes in nearly all soils at different geographical areas to fulfill their nutritional 
requirements. Among these fungi, nematophagous or nematode-destroying fungi are those that can capture, 
parasitize or paralyze nematodes and act as natural enemies of plant-parasitic and animal-parasitic nematodes. 
Therefore the objective of this paper is to review the use of Nematophagus fungi as biological control for nematodes 
in livestock and to highlight different types of nematophagus fungi and their mechanisms of action. Nematophagous 
fungi are cosmopolitan microorganisms able to modify their saprophytic behavior to carnivorous which enables 
them to act as natural enemies of nematodes. Depending on their mode of attacking mechanisms nematophagous 
fungi are divided into four groups as nematode-trapping, endoparasitic, egg and female-parasitic and 
toxin-producing fungi. These groups of fungi are used as best option as biocontrol where currently the problem of 
anthelminthic resistance is increasing since they decrease the level of nematode free-living stages in the soil 
ecosystem. Nowadays it is becoming an important non-chemical option for controlling gastrointestinal nematode in 
animals since biocontrol agents can control a target organism by reducing its population to a level that no longer 
causes clinical problems and economic losses.  
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1. Introduction 

In nature, abundant natural antagonists of 
helminthes are found. these large number of 
organisms including fungi, bacteria, viruses, insects, 
mites and some invertebrates which have been found 
potential to prey or invade of helminthes. Fungi are 
considered as the major microbial biomass in many 
soils that have a significant association with 
nematodes in rhizophere and thus, they can constantly 
destroy nematodes in nearly all soils at different 
geographical areas (Masoomeh et al., 2004). Among 
these fungi, nematophagous or nematode-destroying 
fungi are those that can capture, parasitize or paralyze 
nematodes and act as natural enemies of 
plant-parasitic and animal-parasitic nematodes 
(Ya-Juan Xue et al., 2018). And this ability of 
nematophagus fungus has increased the value of these 
organisms as potential candidate as bio-control for 
plant, human and livestock nematodes (Dijksterhuis et 
al., 1994, Waller and Faedo, 1996 and Masoomeh et 
al., 2004)  

There are over 700 nematophagous fungal 
species, from several phyla, such as the Ascomycota, 
Basidiomycota, Chytridiomycota and Zygomycota. 
Moreover, even organisms belonging to the phylum 
Oomycota have had their nematophagous activity as 
described by (Li et al., 2015; Filippe, 2018) These 

fungi have several characteristics including highly 
specific parasitism to nematodes compared to plants 
and animals thus they are less or not specific parasite 
to plants and higher animals and growth at suitable pH 
and temperature ranges on natural or synthetic media 
(Masoomeh et al., 2004).  

Nematophagous fungi are cosmopolitan 
microorganisms able to modify their saprophytic 
behavior to carnivorous which enables them to act as 
natural enemies of nematodes in which they have 
developed highly different strategies to infect and 
allowing them to feed on nematodes under 
unfavorable nutritional conditions (Braga and Araújo, 
2014; Degenkolb and Vilcinskas, 2016; Filippe, 
2018). Nematophagous fungi colonize soils rich in 
organic matter under different temperature and 
humidity conditions, thus contributing to the 
biological equilibrium of the soil by interacting with 
local micro flora and micro fauna. They are usually 
isolated from soil and faeces from different animals 
(Saumella et al., 2015). They are divided into four 
groups depending on the mechanism of action they 
imposed on the nematodes as endoparasitic fungi, 
opportunistic fungi, toxic fungi, and 
nematode-trapping fungi (Ya-Juan Xue et al., 2018). 

Nematophagous fungi have been seen as 
potential biological control agents against nematodes 
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for a long time. First attempts were made in the 1930s 
to reduce plant-parasitic nematodes in soils (Larsen, 
2000). During the following 50 years, the research 
using nematophagous fungi to control nematode 
infections were only sporadic. In the 1980s, the 
research was reinforced and trials begun feeding 
livestock with spores of nematophagous fungi. Some 
research study previously were done show that 
especially the nematode-trapping fungus like 
Duddingtonia flagrans was effective in reducing the 
worm burden in livestock infected with nematode 
(Andersson, 2013). In addition to control plant 
nematodes, several commercial biological nematicides 
created from nematophagous fungi have been 
developed to date because of the development of 
anthelmintic and pesticide resistance of the helminthes 
is increasing (Vieiraa et al., 2019). 

The widespread resistance of gastrointestinal 
helminthes to different compounds has led to an 
urgent need for novel technologies to prevent and 
control parasitic diseases in livestock. The selection of 
new anthelminthic and pesticides has focused its 
attention to programs with low toxicity to humans, 
animals and wildlife, low environmental impact, low 
residues in animal by-products and high compatibility 
with integrated parasite management. To meet the 
expectations in applying these programs, new 
methods to control gastrointestinal helminthes in 
animals have been conducted, with emphasis on 
alternative strategies to control nematodes with 
nematophagous fungi (Liu et al., 2015). 

In the prevention and control of parasites in 
livestock, the current problem is that the traditional 
use of chemical anthelmintic drugs to control gut 
parasites has resulted in resistance to these drugs 
(Sargison 2012, Falzon et al. 2013; Ya-Juan Xue et 
al., 2018). The biological control of parasitic 
helminths of animals through the use of 
nematophagous fungi presents satisfactory results in 
several studies and put as use of these organisms is an 
important in control and prevention of nematode 
infection in animals (Oliveira et al., 2018a, Vieiraa et 
al., 2019). Therefore the objective of this paper is/are: 

 To review the use of Nematophagus fungi 
as biological control for nematodes in livestock. 

 To highlight different types of 
nematophagus fungi and their mechanisms of action. 
 
2. Biology Of Nematophagus Fungi 

Nematophagous fungi comprise several species 
and exist in all regions of the world, from tropics to 
the Antarctica. They are commonly found in soils that 
are rich in organic substance. The density of 
nematophagous fungi is highest in the upper 20 cm of 
the soil horizon and very few are found below 40 cm 
of depth of the soil (Persmark et al., 1996). Most 

nematophagous fungi can grow both as saprophytes 
by decaying organic matters as substrates, and as 
parasites using nematodes as their source of nutrients 
and those which can living in nitrogen limiting 
habitats have an advantage over other fungal 
saprophytes because of they can use nematodes as an 
important source of nitrogen (Andersson, 2013). 

Depending on their mode of attacking 
mechanisms of nematodes, the nematophagous fungi 
are divided into four groups as nematode-trapping 
(formerly sometimes called predacious or predatory 
fungi), endoparasitic, egg and female-parasitic and 
toxin-producing fungi (Lopez-Llorca, 2008). 

Nematophagous fungi can undergo a process of 
hyphal differentiation into adhesive trap structures. 
For all trap forming fungi, this process can be induced 
by external stimuli, such as the presence of nematodes 
substances derived or excreted by them in adverse 
conditions such as water and/or nutrient shortage or 
spontaneously in some species. According to 
Nordbring-Hertz et al. (2006), the nematode-trapping 
fungus like A. oligospora can be induced to form traps 
by the presence of small peptides, such as the 
phenylalanyl valine, with high proportion of nonpolar 
and aromatic amino acids or their amino acid 
components in combination with low-nutrient 
conditions or nutrient shortage in both liquid and solid 
media (Maciel, 2009). 

The nematode predating process starts when the 
fungus attracts the nematodes with traps, organic and 
inorganic substances such as CO2, ammonia and sialic 
acid and then captures them in the traps. After the 
capture, regardless of the trap type, the fungus 
penetrates the nematode and develops inside it, 
consumes its content and its vegetative and 
reproductive structures emerge on the surface (Maciel, 
2009). 

The nematode-trapping fungi, as the name 
implies, capture nematodes with the aid of hyphal 
trapping devices of various shapes and sizes, as in 
adhesive three dimensional nets, adhesive knobs, 
non-adhesive constricting rings and non-constricting 
rings. A few nematode-trappers capture nematodes 
without visible traps in an adhesive substance formed 
on their hyphae, as in case of Stylopage spp 
(Lopez-Llorca, 2008). 

The egg and female-parasitic fungi infect 
nematode females and the eggs they contain, using 
appressoria or zoospores. Finally, the toxin-producing 
fungi immobilize the nematodes by a toxin, prior to 
hyphal penetration through the nematode cuticle. In 
all four nematophagous groups, nematode parasitism 
results in a complete prey or egg digestion, activity 
which supplies the fungus with nutrients and energy 
for continued growth (Lopez-Llorca, 2008). 
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Table1: Groups of Nematophagous fungi and their predation characteristics on nematode. 

Groups Predation characteristics on nematodes 

Nematode-trapping 
Produce modified hyphae called traps, with which, by a mechanical/enzymatic process, 
they bind and digest nematode larvae. 

Opportunistic or ovicidal 
Produce modified hyphae called traps, with which, by a mechanical/enzymatic process, 
they bind and digest eggs, cysts and nematode Female. 

Endoparasitic 
Use spores (conidia, zoospores) as infection structures, which may adhere to nematode 
cuticle or be ingested. 

Toxin-producing 
Secrete toxins that immobilize the nematodes, with posterior hyphae penetration 
through the cuticle and complete colonization of the nematode. 

Producers of special 
attack Devices 

Produce special attacking devices that cause mechanical damage to the nematode 
cuticle, resulting in extravasation of the inner nematode contents and allowing complete 
nematode colonization 

Source: (Filippe, 2018) 
 

3. Taxonomy And Phylogeny 
Nematophagous fungi are found in most fungal 

taxa: Ascomycetes (and their hyphomycete 
anamorphs), Basidiomycetes, Zygomycetes, 
Chytridiomycetes and Oomycetes. It therefore appears 
that the nematophagous habit evolved independently 
in the different fungal taxonomic groups. It was 

suggested that the nematophagous habit evolved from 
lignolytic and cellulolytic fungi, as an adaptation to 
overcome competition for nutrients in soil 
(Lopez-Llorca, 2008). 

Figure 1: Taxonomic position of 
nematophagous fungi with examples of genera. 

 

Division Genus Interaction 
chytridiomycete Cateneria EP and FP 

Oomycetes Myzocytium nematophthora 
EP 
EP 

zygomycetes Stylopage cystopage 
NT 
NT 

Deuteromycetes 

Arthrobotry 
Monacrosporium 
Dactylaria 
Dactylella 
Nematoctonus 
Drechimeria 
Verticillum 
Paecilomyces 
Fusarium 
Harposporum 

NT 
NT 
NT 
NT and EggP 
NT and EP 
EP 
EP, EggP and FP 
EggP 
EggP and FP 
EP 

basidomycetes 
Hohenbuhelia (telomorph of nematoctonus) 
pleurotus 

NT and EP 
NT and toxic 

Ascomycetes Atricordyceps (telomorph of harposporum) EP 
EP: Endoparasitic; NT: Nematode Traping; FP: Female Parasite; EggP: Egg Parasite. 
Source: Dackman et al.,1992 

 
Recently, the egg-parasitic fungi previously 

placed within the genus Verticillium were transferred 
to the new genus Pochonia, in parallel with 
entomopathogenic species of Verticillium, which were 
transferred to the genus Lecanicillium based on both 
morphological and molecular characters (Zare, et al., 
2001). The teleomorphs of the Pochonia species are 
located within Cordyceps. The best known species of 
egg parasites are P. chlamydosporia and P. rubescens, 
but species of other genera such as Paecilomyces 

lilacinus and Lecanicillium lecanii, are also known to 
parasitize nematode eggs (Lopez-Llorca, 2008). 

 
4. Classification Of Nematophagus Fungus And 
Their Mechanism Of Action On Nematodes 

Several microorganisms parasitize or prey upon 
nematodes, whose action is known as biological 
control, since they decrease the level of nematode 
free-living stages in the soil ecosystem (Chen and 
Dickinson, 2004). The nematode predating process 
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starts when the fungus attracts the nematodes with 
traps or organic and inorganic substances such as 
CO2, ammonia and then captures them in the traps. 
After the capture, regardless of the trap type, the 
fungus penetrates the nematode and develops inside it, 
consumes its content and its vegetative and 
reproductive structures emerge on the surface (Mota 
et al., 2003). These nematophagus fungi are classified 
in to four different types based on their action of 
predation as follows (Maciel, 2009).  
4.1. Nematode Trapping Fungus 

The nematode-trapping fungi, as the name 
implies, produce specialised hyphal trapping devices 
of various shapes and size such as; adhesive networks, 
knobs, and constricting or non-constricting rings. A 
few nematode-trappers capture nematodes without 
visible traps in an adhesive substance formed on their 
hyphae, e.g. Stylopage spp. Fungi in this class also 
produce nematode chemo-attractant and/or 

chemotoxic substances to capture, penetrate and 
destroy nematodes within short period of time. 
(Jansson et al., 2006, Lopez-Llorca, 2008).  

Many nematode-trapping fungi do not form traps 
spontaneously; instead they are dependent on external 
stimuli like living nematodes (Dijksterhuis et al., 
1994). Already in the 1950s, a substance called nemin 
that could induce trap formation was extracted from 
culture filtrates of nematodes. Nemin was suggested 
to be a peptide of low molecular weight. Later, short 
peptides were shown to induce traps in Arthrobotrys 
oligospora. Recently, it was shown that ascarosides, 
which are constitutively secreted by nematodes, 
trigger trap formation in nematode-trapping fungi 
(Hsueh et al., 2013). Ascarosides are composed of the 
sugar ascarylose linked to a fatty-acid chain. More 
than 100 different ascarosides have been identified 
from various nematodes (von Reuss et al., 2012 and 
Andersson, 2013). 

 
 

 
Figure 2: Major types of traps in nematode-trapping fungi.  

 
The nematode-trapping fungi use different kinds 

of traps to capture and infect nematodes. Different 
species of the nematophagus fungus have different 

trap to enable them parasitize the nematode as in A. 
oligospora traps nematodes by an adhesive 
three-dimensional net. M. haptotylum develops at the 
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apices of hyphal branches a structure called knobs. 
The knob is an adhesive single cell that can detach 
from the mycelia, travel along with the nematode and 
subsequently penetrate the nematode cuticle and infect 
the nematode. Monacrosporium cionopagum has 
adhesive hyphal branches that consist of one or more 
cells to infect nematodes (Nordbring-Hertz et al., 
2006).  

Arthrobotrys dactyloides uses a mechanical trap 
called constricting ring to trap nematodes 
(Dijksterhuis et al., 1994, Nordbring-Hertz et al., 
2006). This is a fascinating structure that consists of 
three cells. When a nematode enters the ring, the three 
cells inflate and capture the nematode. The closure of 
the trap is very rapid (0.1 s) and is triggered by 
physical contact between the nematode and the 
constricting ring cells. The closure is also stimulated 
by heat or by touching the luminal side of the ring 
with a needle (Andersson, 2013).  

A fifth type is the non-constricting ring which is 
formed when an erect lateral branch of the vegetative 
hyphae thickens and curves to form a three cells ring 
that fuses with the stalk. The non-constricting rings 
are always accompanied with adhesive knobs (Liu et 
al., 2009). In addition, a few nematode-trapping fungi 
such as A. oligospora and A. dactyloides form conidial 
traps. The conidial traps develop directly along the 
germination of the conidia, without an intermediate 
hyphal phase (Andersson, 2013) 

A, adhesive net of Arthrobotrys oligospora (bar 
20 μm); B, adhesive knobs of Monacrosporium 
haptotylum (bar 10 μm); C, adhesive branches of 
Monacrosporium gephyropagum (bar 10 μm); D, 
constricting ring of Arthrobotrys brochopaga (bar 5 
μm) (Andersson, 2013). 

4.1.1. Infection Mechanism 
4.1.1.1. Attraction 
Despite morphological differences in the 

trapping structures, the infection mechanism is similar 
between different nematode-trapping fungi 
(Dijksterhuis et al., 1994). The infection mechanism 
starts with attraction. Since the fungi are non-motile in 
comparison to nematodes they need to attract the 
nematodes in some way. The mycelia and traps 
release compounds that attract the nematodes. The 
traps have a greater attractiveness than the vegetative 
mycelium. Furthermore, fungal species being 
relatively more parasitic show an increased 
attractiveness as compared to more saprophytic types 
(Nordbring-Hertz et al., 2006). A volatile or a small 
and rapidly diffusing compound that is continuously 
produced by the fungus has been responsible for the 
attraction. Until recently, the exact components of 
these compounds have been unknown. However, 
chemical studies on the culture medium of the knob- 
producing Arthrobotrys entomopaga produce two 

compounds paganin A (colourless oil like substance) 
and blumenol that showed strong nematode-attracting 
abilities (Andersson, 2013). 

4.1.1.2. Adhesion 
The adhesion between the fungi and the 

nematode has been extensively studied during the 
years. Electron-microscopically analysis has shown 
that the traps of A. oligospora have a layer of 
polymers on their surface even before contact with the 
nematode. After contact there is an increased secretion 
of surface polymers and the fibrillar layer becomes 
oriented in one direction, perpendicularly to the 
orientation of the nematode. Gel chromatography 
showed that the surface polymers contain neutral 
sugars, uronic acids, and proteins, based on sugar 
inhibition experiment, it was suggested the infection 
process in A. oligospora was initiated by binding 
between a lectin present on the trap and a 
carbohydrate ligand found on the nematode surface. 
Subsequently, a N-acetylgalactosmine 
(GalNac)-specific lectin was isolated from A. 
oligospora (Andersson, 2013). In addition, some 
authors suggested that the adhesive coating, besides 
its role in adhesion, also serves as a matrix, harboring 
many extracellular virulent proteins (Liang et al., 
2013) however, the molecular mechanisms of the 
attachment of the traps to the nematode cuticle are not 
yet known (Andersson, 2013). 

4.2. Penetration 
Following adhesion, the nematode-trapping 

fungi form a penetration tube that pierces the 
nematode cuticle which involves the use of both 
enzyme activities and mechanical pressure. The 
penetration site is effectively sealed to prevent 
leakage of nematode contents out into the 
environment. Nematode cuticle made from proteins 
which is mainly of collagens that makes it likely that 
the nematode-trapping fungi to penetrate the cuticle 
with aid of proteases. Indeed, different studies showed 
that many proteases have been isolated and 
characterized as in A. oligospora and other nematode 
trapping fungi which is a serine protease that could 
digest proteins present on the nematode cuticle 
(Dackman et al., 1992; Andersson, 2013)  

In addition, a common feature for all 
nematode-trapping fungi is the presence of dense 
bodies inside the trap. These dense bodies are 
cytosolic and contain catalase and amino-acid oxidase 
activity which indicates that they are peroxisomal. 
Dense bodies are rapidly degraded after the formation 
of the infection bulb and it has been suggested that 
they contain material to facilitate the penetration and 
the initial development of trophic hyphae; 
(Dijksterhuis et al., 1994; Andersson, 2013). 

4.2.1.1. Degradation 
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Following penetration, the infection tube swells 
inside the nematode and form an infection bulb 
(Dijksterhuis et al., 1994). Trophic hyphae develop 
from the infection bulb and the infecting fungus 
digests the nematode. Morphologically, both the 
infection bulb and the following trophic hyphae show 
the same characteristics as normal vegetative 
mycelium. However, the endoplasmic reticulum is 
highly proliferated in both structures. The time course 
for the infection process varies between different 
nematode-trapping fungi, and also depending on the 

nematode species being infected and even between 
different individuals of the same nematodes species. 
In A. oligospora, the process from adhesion until 
penetration and immobilization of the nematode 
usually takes 1-4 hour. The infection bulb is formed 
and trophic hyphae are developed thereafter 12-24 
hour the growth rate of the trophic hyphae is retarded 
and growth of fungal mycelium outside the nematode 
is initiated. The infection process is usually completed 
within 48-60 hour (Dijksterhuis et al., 1994 and 
Andersson, 2013). 

 
Table 2: Predatory Nematophagous fungi and their trapping mechanism 

Predator  Trapping mechanism 
Arthrobotrys robusta Adhesive nets 
Dactylaria gracilis Constricting rings 
Dactylella cionopaga Adhesive braches 
Dactylella ellipsospora Adhesive knobes 
Dactylella gephyropaga Adhesive branches 
Dactylella leptospora Non constricting rings 
Dactylella phymatopaga Adhesive knobes 
Dactylella stenobrocha Constricting rings 

Source: (Gray and Smith, 1984) 
 

4.2. Endoparasitic Fungi 
Endoparasitic fungi use their spores (conidia or 

zoospores) to infect nematodes. The propagules 
adhere to the nematode cuticle and the spore content 
is then injected into the nematode, or the spores are 
swallowed by the host. Most of these fungi are 
obligate parasites of nematodes and live their entire 
vegetative stages inside infected nematodes 
(Lopez-Llorca, 2008). 

The endoparasites do not produce extensive 
mycelia but exist as conidia in the environment and 

infect nematodes by either adhering to the surface of 
the prey or direct ingesting. The conidia germinate 
rapidly and invade the entire nematode with 
assimilative hyphae absorbing all the body contents 
(Liu et al., 2009). Endoparasites do not use hyphae for 
predation they rather use spores (conidia, zoospores) 
as infection structures, which may adhere to the 
nematode cuticle or be ingested (Braga and Araújo, 
2014 and Filippe, 2018). 

 
Table 3: Some of Endoparasitic nematophagus fungi and their mode of action 

Endoparasites Mode of action 

Myzocytium spp. Encystment of motile zoospore 
Acrostalagmus bactrosporus Adhesive spores 
Acrostalagmus goniodes Adhesive spores 
Acrostalagmus obo vatus Adhesive spores 
Cephalosporium balanoides Adhesive spores 
Harposporium anguillulae Spores ingested 
Harposporium helicoides Spore ingested 
Harposporium lilliputanum Spore ingested 
Spicaria coccospora Adhesive spore 
Source: (Gray and Smith, 1984) 
 
4.3. The Egg and Female Parasitic Fungi 

The egg and female-parasitic fungi infect 
nematode females and the eggs they contain, using 
appressoria or zoospores. The ovicidal group also uses 
traps in the process of predation. However, the target 
groups are eggs, cysts and nematode females (Filippe, 

2018). They have the ability to attack the egg stage 
and may have a role in the control of animal parasites 
which have a long development and/or survival time 
in the egg stage in the environment outside host, e.g., 
Ascaris, Fasciola spp., amphistomes etc (De and 
Sanyal, 2009). 
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4.3.1. Mode of Action 
The infection of nematodes and their eggs by 

various nematophagous fungi follows a similar, 
general pattern. This is illustrated here by infection of 
nematode eggs by Pochonia rubescens and also by the 
zoospores of Catenaria anguillulae, which infect 
vermiform nematodes (Lopez-Llorca, 2008). 

Penetration of nematode eggs by P. rubescens 
starts with contact of the hyphae with the egg and 
subsequent formation of an appressorium. An 
extracellular material (ECM) or adhesive, is formed 
on the appressorium, and is revealed by labelling with 
the lectin Concanavalin A (Con A), indicating that it 
contains glucose/mannose residues. From the 
appressorium the fungus penetrates the nematode 
eggshell by means of both mechanical and enzymatic 
components. The nematode eggshell contains mainly 
chitin and proteins and therefore chitinases and 
proteases play an important role during eggshell 
penetration (Jansson et al., 2002). The ECM contains 
the protease P32 that can be immunologically detected 
using both fluorescent stains or/and colloidal gold. 
The proteolytic activity causes the degradation of 
eggshells (Lopez-Llorca, 2008). 

The life cycle of C. anguillulae starts with 
uniflagellate zoospores which become attracted to 
natural orifices (mouth, anus, excretory pores, etc.) of 
nematodes. The flagellar movement is supported by 
the mitochondria at the base of the flagellum. Upon 
contact with the nematode cuticle the zoospores show 
an “amoeboid movement” before encystment takes 
place. During encystment a cell wall is formed 
covered by an adhesive, and the flagellum is 
withdrawn. The encysted zoospore forms an infection 
peg which penetrates the nematode cuticle. Within 24 
hours the developing fungus invades and digests the 
nematode contents, and zoosporangia are formed from 
which the zoospores are released to infect new hosts. 
Catenaria anguillulae also has the ability to infect 
nematode eggs (Lopez-Llorca, 2008). 

 
5. Use Of Nematophagus As Biological Control 
Of Nematode 

Biological control of nematodes becomes an 
important, integrated element and sustainable 
strategies to control nematodes in livestock. 
Biological control defined as the activity of natural 
enemies which include classical, un-exploited 
organisms and genetically modified organisms 
(Larsen, 2006). 

unlike other methods which are directed at the 
parasitic stages within the host biological control is 
targeted at the free-living stages on pasture focuses on 
the faecal deposits in which eggs, L1, L2 and L3 
larval stages are found to reduce the number of 
infective stages that are available to be picked up by 

grazing susceptible individuals of the different species 
of livestock (Waller, 2006). Biological control of 
nematodes in livestock aims to establish a condition 
where grazing animals are exposed to a low number 
of infective larvae and reduce the level of nematode 
parasitism in livestock so that natural immunity in the 
animals will tolerate these low levels (Epe et al., 
2009). 

Biological control is becoming an important 
non-chemical option for controlling GIN in animals 
since biocontrol agents can control a target organism 
by reducing its population to a level that no longer 
causes clinical problems and economic losses. In 
addition, biocontrol agents have low mammalian 
toxicity, high efficacy, naturally occurring and 
multiply to a level that matches its target organisms. 
Thus, biocontrol agents can avoid the issue of 
chemical residues in food and is an attractive option 
for organic farming (Larsen, 2006). 

Among these biological control microorganisms, 
the nematophagous fungi are the most common 
organisms used for the control of nematode infection 
in animals. The major nematophagus fungi involved 
in parasitizing of nematodes are nematode trapping, 
endoparasitic and egg and female parasitic fungi as 
indicated in table 5. From these nematode trapping 
fungi are well studied which includes Arthrobotrys, 
Duddingtonia, Nematoctonus and Monacrosporium 
genera are able to capture, kill and digest animal 
parasitic nematodes, serving as potential biological 
control agents (Maciel, 2009). 

Nematophagous fungus Duddingtonia flagrans 
has been studied as an alternative agent for the 
biocontrol of infective larvae of parasites in domestic 
animals. D. flagrans can produce many thick walled 
chlamydospores that survive the gut passage, 
germinate, develop, and produce predatory structures 
in feces to attack first-stage to third-stage larvae (L3) 
of parasitic nematodes before they spread to the 
herbage (Ya-Juan Xue et al., 2018). 

Duddingtonia flagrans traps the free-living larval 
stages, which include eggs, L1 and L2 stages within 
the faecal deposit, and infective third-stage larvae on 
pastures. D. flagrans can survive passage through the 
gastrointestinal tract in the host and might be effective 
in trapping larvae present in faeces, thereby reducing 
pasture larval population. Consequently, 
chlamydospores are administered orally and deposited 
in faeces (Ermias et al., 2017) 

The endoparasitic fungi are obligate parasite of 
nematodes, which ingest the parasitic nematodes 
either by penetration of cuticle from sticky spores 
adhering to the nematode cuticle and always are of 
density dependant. Drechmeria coniospora is a 
fungus producing sticky drops on very small conidia, 
which adhere to the cuticle of the nematode, penetrate 
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the cuticle and destroy the victim. Another 
endoparasitic fungus, Harposporium anguillulae 
produce very small, half moon shaped conidia which 
lodge in the digestive tract of the feeding nematode 
and after germination totally digest the victim before 
finally breaking through the cuticle to produce new 
conidia on the short conidiophores. A dose of 3 lakhs 
conidia/gm faeces could significantly reduce the 
number of H. contortus larvae recovery as per recent 
study (Chamuah et al., 2013).  

The egg-parasitic fungi generally attacked that 
nematode which has long survival time in outside 
environment of the host (Ascaris spp., Fasciola spp., 
Amphistomes spp.). The fungus of Verticillium 
chlamydosporium, other Verticillium spp. has also 
shown the ability to degrade the parasitic egg shell 
enzymatically and could subsequently infect the eggs. 
It was also well documented that short exposure to 
high temperature or UV irradiation rendered the 

parasitic eggs more susceptible to fungal attack. It has 
also been shown that V. chlamydosporium fungi could 
attack and destroy the eggs of Ascaridia galli and 
Parascaris equorum (Dackman et al.,1992; Chamuah 
et al., 2013) 

Pochonia is also one of the most studied genera 
for its ovicidal activity against helminths that are 
potentially harmful to agriculture (Braga et al., 
2008a). Pochonia chlamydosporia was first found 
parasitizing eggs and females of Meloydogine sp., in 
Alabama, United States, 1981. It is considered one of 
the most promising agents for the management and 
control of problems caused by phytonematodes. It has 
also been successfully used to reduce the hatching rate 
of Ascaris lumbricoides eggs (Hidalgo et al., 2000; 
Braga et al., 2007). This species is a Deuteromycete, 
optional parasite of eggs of nematodes that form cysts 
in roots and branches, with wide distribution (Araujo, 
2009). 

 
Table 4: Control measures used in control of parasites with special reference to animal parasites.  

Chemical  Non-chemical 
Chemotherapy Biological control 
Spraying of poison Vaccines 
Pheromones in insect traps Selection for host resistance 

Insect repellants 
Management systems 
lnterspecific competition 
Sterile male technique 

Source: (Gronvold et al., 1996) 
 

Table 5: Common fungal species used to control nematode parasites 

Fungal species Susceptible nematodes 
Endoparasitic 
fungi 

Drechmeria Heamoncus species and trichostrongylus 
colubriformis Harposporium anguillucal 

Predacious 
fungi 

Arthrobotry soligospora, Arthrobotry 
misinformis, Arthrobotry robusta, 
Monacrosporium endermatum 

Ostertagia species Dictyocalus villilpar 
Heamoncus contortus Oesophagostumum 
species  
Cooperia Species 

Egg parasitic 
fungi  

Vertisillium chlamydosporium Ascaris suum 

Source: (Ermias et al., 2017) 
 
 

6. Conclusion And Recommendation 
Nmatophagus fungi are organisms that can prey, 

parasitize and digest nematode as source of nutrients 
this habit of the fungus can make it possible candidate 
for the use of nematophagus fungus as biological 
control of nematodes in livestock. Biological control 
of nematodes becomes an important, integrated 
element and sustainable strategies to control 
nematodes in livestock where they can reduce the 
number of infective nematode eggs in the pasture and 
adult parasite in the gastrointestinal tracts of infected 
animals despite of an increase in the resistance ability 

of nematode to the available anthelmintic drugs. 
Therefore based on the above conclusive ideas the 
following recommendations are forwarded: 

 Production and commercialization of the 
agent as a treatment option should be promoted. 

 Further experimental study should be 
conducted on their efficacy and effects comparing 
with the available anthelmintic drugs. 

 Further study should be conducted on the 
molecular characterization of nematophagus fungi to 
clearly show the genes responsible for nematocidal 
activity. 
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