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trapping fungus Monacrosporium thaumasium
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ABSTRACT

The viability of a formulation of the fungus
Monacrosporium thaumasium associated with ivermectin was
evaluated for the biological control of bovine gastrointestinal
nematode parasites. Four groups of five calves each were
placed in pastures with a stocking rate of 1.6 animal/hectare.
In group 1 (control), the calves did not receive any treatment.
In group 2, each animal received 20g of pellets of M.
thaumasium orally twice a week during a six-month period
that began with the onset of the rainy season (October 23,
2000). In group 3, each animal received 20g of pellets of M.
thaumasium orally twice a week during the same period as 2,
as well as two strategic treatments with ivermectin (200 mcg/
kg) on May 10, 2001 and July 5, 2001. In group 4, the
animals were treated with ivermectin alone as described for
group 3. EPG counts for group 1 were significantly greater
(P< 0.01) than those for groups 2 and 3 and the difference at
the end of the study period was near 100%. The EPGs of
group 4 animals remained high until the first strategic
treatment with ivermectin. Values for groups 1 and 4 differed
significantly (P< 0.05) from those of groups 2 and 3 from
December 2000 onwards. It was concluded that the use of this
dose and periodicity of application of M. thaumasium pellets
makes the application of anthelminthic treatments
unnecessary.

Key words: biological control, Monacrosporium
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RESUMO

A viabilidade de uma formulacdo do fungo
Monacrosporium thaumasium associada com iver mectina
foi avaliada no controle biol6gico de nematdides parasitos
gastrintestinais de bovinos. Quatro grupos de cinco bezerros
foram colocados em pastagens com uma taxa de lotagdo de

1,6 animal/hectare. No grupo 1 (controle), os bezerros nao
receberam nenhum tratamento. No grupo 2, cada animal
recebeu 20 g de pellets de M. thaumasium, via oral, duas
vezes por semana e durante um periodo de seis meses que
comegou na estagdo chuvosa (23 de outubro, 2000). No
grupo 3, cada animal recebeu 20g de pellets de M.
thaumasium, via oral, duas vezes por semana e durante o
mesmo periodo do grupo 2, assim como dois tratamentos
estratégicos com ivermectina (200 mcg/kg) em 10 de maio
de 2001 e em 5 de julho de 2001. No grupo 4, os animais
foram tratados somente com ivermectina como descrito no
grupo 3. As contagens de OPG dos animais do grupo 1
foram significativamente maiores (P< 0,01) do que os animais
dos grupos 2 e 3 e a diferenga no final do experimento foi
préxima de 100%. Os OPGs dos animais do grupo 4
permaneceram altos até o primeiro tratamento estratégico
com ivermectina. Os resultados do grupo 1 e 4 diferiram
significativamente (P< 0,05) daqueles dos grupos 2 e 3 a
partir de dezembro de 2000. Concluiu-se que a aplicagdo de
pellets de M. thaumasium nesta dosagem e periodicidade de
aplicacdo tornaram os tratamentos anti-helminticos
desnecessarios.

Palavras-chave: controle biol6gico, Monacrosporium
thaumasium, nematoéides, fungos
nematofagos, pellets, bovinos.

INTRODUCTION

Helminth infections are a major concern
among thefactorsthat interferewith the devel opment
of cattle raising. They cause reduction in animal
growth, death and excessive handling expenses,
leading to low herd productivity and high economic
losses. In Brazil, this problem increases as pasture
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conditionsworsen, mainly in the dry season, or when
high stocking ratesin certain areas increase infection
rate. Generally, most animals present subclinical
infections due to acquired immunity, making it more
difficult to quantify the effects of such conditions. In
Southeastern Brazil, Cooperia and Haemonchus are
the most prevalent bovine gastrointestinal nematodes
genera, based on eggs per gram of faeces (EPG) counts,
followed by members of the genus Oesophagostomum
(ARAUJOet d., 1998).

Non-chemotherapeutic approaches to the
control of nematode parasites of livestock are no
longer largely of academic interest and alternatives or
adjuncts to anthelminthic drugs are now considered
to be necessary. Significant advances have recently
been made in the development of ruminant vaccines
against parasites (MEEUSEN, 1996), in breeding of
animals for parasite resistance (WOOLASTON &
BAKER, 1996) andin biological control, particularly
by exploiting nematophagous fungi (ARAUJO et dl.,
1998). Thelast of these aternativesappearsto behighly
promising (WALLER & LARSEN, 1993).

These fungi arethe most widely studied of
the organisms used in nematode control and almost
al of them effectively reduce laboratory populations
of the parasites. Their efficacy against nematodes on
pastures has also been demonstreated (WALLER &
LARSEN, 1993). Species of Monacrosporium
(Hyphomycetal es) can control phytonematodes, free-
living nematodes and parasitic nematodes of cattle
(ARAUJOet dl., 1992, GOMESet al., 1999).

The objective of the present study was to
assess the viability of a formulation with the fungus
Monacrosporium thaumasium associated with
ivermectin in the biological control of bovine
gastrointestinal nematode parasites. This fungus was
selected based on previous tests involving passages
through the gastrointestinal tract (ARAUJO et al.,
1999) for field control of bovine gastrointestinal
nematodes.

MATERIALSAND METHODS

Organisms

Infective Cooperia punctata
(Trichostrongylidae), Haemonchus placei
(Trichostrongylidae) and Oesophagostomum
radiatum (Cyathostomidag) larvae (L 3) were obtained
from the faeces of calves naturally infected.

One isolate of nematode-trapping fungus
M. thaumasium (NF 34a—isolate) was obtained from
Brazilian soil (Vigosa—Minas Geraisstate) and kept in
small flasks contai ning 2% corn-mesdl-agar (2% CMA)

a 4°Cin“Departamento de Veterindria— Universidade
Federa deVigosa’. Mycelium grown of thefungi was
performed in liquid medium of KADO & HESKET
(1970) after nine days of incubation at 25°Cinthedark.
Sodium alginate pellets were made as described by
WALKER & CONNICK (1983) and modified by
LACKEY etd. (1993).

Experimental design

The study was performed at an
experimental farm of the Federal University of Vicosa,
in the county of Vicosa, Minas Gerais State, Brazil,
whose latitudeis of 20° 45’ 20" S, longitude of 42°
52" 40" W and is 649 m above sea level during the
period of September 1, 2000 to August 31, 2001.

Twenty crossbred Holstein x Zebu calves
of six months old were treated previously with two
doses of ivermectin (200mcg kg?), with aninterval of
two weeks. The animals grazed on molasses grass
pastures (Melinis minutiflora) on the September 11,
2000. These pastures were naturally infested by
gastrointestinal helminth stages due to previous
grazing by infected calvesand adult cattle. After a21-
day adaptation period and the last anthelmintic
treatment, each calf wasexperimentally infected orally
with 5,000 L; each of C. punctata, H. placei and O.
radiatum. Animals were randomly divided into four
groups (1, 2, 3and 4) of five calves each and placed on
pastures at a stocking rate of 1.6 animal/hectare. In
group 1 (control), the calves did not receive any
treatment. In group 2, each animal received 20g of M.
thaumasium pellets orally twice aweek during asix-
month period that began with the onset of the rainy
season (October 23, 2000). In group 3, each animal
received 20g of pelletsof M. thaumasium orally twice
aweek during the same period as group 2, aswell as
two strategic treatmentswith ivermectin (200mcg kg™)
on May 10, 2001 and July 5, 2001. In group 4, the
animals were treated with ivermectin alone as
described for group 3.

After theadministration of Lstothecalves,
faecal sampleswere collected directly from therectum
of each animal of all groupsevery fourteen days. Eggs
per gram of faeces (EPG) values were determined
according to the techniqgue of GORDON &
WHITILOCK (1939) and larvaewereaso cultured. The
latter involved mixing 20g of faeceswith fragmented
vegetal coal and incubating at 26°C for eight days, in
order to collect infective larvae of gastrointestinal
nematode parasites. These larvae were identified
according tothecriteriaestablished by KEITH (1953).
Samples of approximately 500g of pasture were
collected at random pointsin each paddock at 14-day
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intervalsand L ; recovered according to the technique
described by LIMA et a. (1990). Five hundred grams
of forageweredried in an oven at 100 °C for three days
to calculate the dry matter content. The results
obtained were then transformed into number of larvae
per kg dry matter.

Themonthly averagesfor minimum, median
and maximum air temperature, monthly rainfall and
relative air humidity were recorded. The data were
transformed into logarithmic x+1 valuesto correct the
average distortions and compared by analysis of
variance.

RESULTS

The monthly average values of the EPG
counts are shown in table 1. During the experiment,
EPG countsfor group 1 weresignificantly greater than
those for groups 2 and 3 (P< 0.01). At the end of the
six-month study period this difference was amost
100%. The EPG of group 4 calvesremained high until
the first strategic treatment with ivermectin (May 10,
2001). The EPG curvesingroup 1 and 4 animalsshowed
peaksin March and May. Inthe EPG of group 3 calves
appeared a short peak in March.

The percentage compositions of Lslarvae
of different nematodes obtained after larval culture
arepresentedin figure 1. The prevalence of Cooperia
sp. was greater than that for the other nematodesin all
groups, followed in descending order by Haemonchus
sp., Oesophagostomum sp., Trichostrongylus sp. and
Bunostomum sp.

The numbers of L; per kg of pasture dry
matter ispresented in figure 2. Vauesfor groups 1 and
4 differed significantly (P<0.05) from those of groups

Table 1 - Mean montly count of nematode eggs of the super-
family Strongyloidea per gram of faeces (EPG) of
calvesin groups 1, 2, 3 and 4 during the period from
October 2000 to August 2001.

Months Group 1 Group 2 Group 3 Group 4

October 180.0 180.0 140.0 100.0
November 250.0 240.0 160.0 90.0
December 220.0 60.0 90.0 170.0
January 253.0 20.0 57.3 293.0
February 300.0 0.0 100.0 500.0
March 1573.3 8.3 120.0 856.6
April 910.0 22.5 20.0 540.0
May 2215.0 22.5 14.0 760.0
June 1700.0 20.0 10.0 40.0
July 1860.0 40.0 10.0 10.0
August 1960.0 40.0 0.0 60.0

2 and 3 from December 2000 onwards. Members of the
genus Cooperia were most prevalent in all pastures.

Temperature, rainfall and relative humidity
datafrom September 2000 to August 2001 are shown
infigure3.

DISCUSSION

Based on the results of the present study,
thisM. thaumasium isolate appearsto beapromising
agent for the biological control of bovine nematode
parasites. The oral administration of pellets to the
animal s resulted in a pasture infestation control close
toa100% in Groups 2 and 3 animals (Table 1) during
thelast six months of the experiment (February-August
2001). In Group 3 (treated with fungus and an
anthelminthic drug), the anthelminthic applications of
the latter in May and June 2001 became almost
unnecessary since EPG levels were low due to the
action of the fungus and the short peak appeared in
March was not significant. In Groups 1 and 4, the
peaks appered in March and May showed that the
pasture conditionswere favorabl e to the devel opment
of helminth eggs and larvae, consequently increasing
pasture contamination.

The use of nematophagous fungi in the
biological control of animal helminth parasites can
reduce pasture contamination, acting directly in the
environment. HASHMI & CONNAN (1989) and
WOLSTRUPet a. (1994) employed this, mainly, inthe
very beginning of the infective period, when the
pasture conditions were adequate to the animal
grazing, and at the same time were favorable to the
development of helminths eggs and larvae,
consequently increasing pasture contamination.
Besides, in the region where the present study was
conducted, the seasons of larger rainfall are those of
the best pasture conditions, and highest mean
temperatures. The development of fungi in an
environment would be favored by high temperatures.
Generally, the optimum temperature for development
of Monacrosporium sp. range between 20 and 30°C,
according to ARAUJO et al. (2000). ARAUJO et al.
(1998) tested the viahility of anisolate of Arthrobotrys
robusta in the biological control of bovine
gastrointestinal nematode parasites, in the same
region as the present study. Calves were treated with
two million conidiaof thisisolate, administered orally
twice aweek during four months, showed, in relation
to the non-treated calves (control), 53.81% of
reduction in the EPG (P<0.05) and a reduction of
70.45% (P< 0.05) on the number of wormsrecovered at
necropsy of the tracer calvesin the last three months
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Figure 1 - Mean monthly count of nematodes eggs per gram of faeces (EPG) recovered from larval cultures, of the calvesin groups 1, 2, 3
and 4 during the period from October 2000 to August 2001.
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Figure 2 - Counting of infective larvae per kg of dry pasture collected in pastures with calves of the groups 1, 2, 3 and 4 in Vigosa, Minas
Gerais State, Brazil, during the period from October 2000 to August 2001.
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Figure 3 - Average minimum (min. temp), medium (mean temp) and maximum temperatures (max. temp) (°C); monthly rainfall (cm) and
relative humidity (RH) (%) in Vigosa, Minas Gerais State, Brazil, during the period from September 2000 to August 2001.

of the experiment. Theresultsshowed that thisisolate
of A. robusta is a promising agent to be used in the
biological control of bovine gastrointestinal nematode
parasites. ARAUJO et al. (1999) were able to get this
M. thaumasium isolate through the gastrointestinal
tract of calveswithout lossof viahility to prey infective
H. placei larvae. ARAUJO et al. (2000) performed
experimentsto determinewhether M. thaumasium could
surviveencapsulation in sodium a ginate and the effects
of different temperatures and minera salt. Pellets of
sodium alginate were treated with paraffin, mineral salt
or without theseelements. They were put in Erlenmeyers
flasksof 250ml at 4° C, room temperature, 25° C, 30° C
and 35° C. Once aweek, during 16 weeks, one pellet
was put in the center of 8.5cm Petri dish containing
20ml of 2% potato dextrose agar and theradial growth
was followed during nine days. The fungal pellets
without paraffin, at 4° C, appeared to be the best
treatment (P<0.01) and remained viable up to 16 weeks
of storage. The pelletswithout paraffininduced higher
growth than pelletswith paraffin at room temperature
as well as the pellets without mineral salt in all
temperatures (P<0.01).

AccordingtoWALLER & LARSEN (1993),
the application of fungi in nematode biocontrol helps
the chemical control and should be administered not
only when there is a prediction of greater pasture
infestation by helminths eggs and larva, but also,
when there would be better conditions for the fungi

growth at the environment, this way preventing the
clinical parasitism and the productivity losses,
aready supplying asufficient number of larvato alow
these animals to develop a naturally acquired
immunity.

As demonstrated in the present study, the
use of nematophagous fungi for biological control in
the rainy season would prepare pastures for the dry
season, the critical period for infection of calvesin
thisregion (FURLONG et al., 1985). At this time of
year large numbers of larvae are available in the
pastureswhileforageismost limited.

The Cooperia sp. predominanceinrelation
to the other helminth generawas found in the counting
of infectivelarvae per kg of pasturedry matter andin
the faeces of the animals (Figures 3 and 4). These
results probably reflect the greater resistance of the
Cooperia sp. freelife stages to the climatic variations
and dry conditions, and the greater migratory capacity
of theselarva(REINECKE, 1960), besidesthe smaller
reguirements of pluvial precipitation in relation to
Haemonchus sp. and Oesophagostomum sp. larvae
(ROBERTSetd., 1952).

The results were analysed based on the
overall experimental period and we concludethat this
dose and periodicity of application of M. thaumasium
pellets makesthe use of other anthel minthic treatments
unnecessary. The fungal formulation used in the
present study proved to be a powerful tool for
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biological control of gastrointestinal nematodes of
grazing calves under natural conditions.

ACKNOWLEDGEMENTS

The author wish to thank the FAPEMIG for the
financial support for the accomplishment of this work.

REFERENCES

ARAUJO, J.V. et al. Controle de larvas infectantes de
Haemonchus placei por fungos predadores da espécie
Monacrosporium  ellypsosporum em condig¢des de laboratério.
Arquivo Brasileiro de Medicina Veterinaria e Zootecnia,
v.44, p.521-526, 1992.

ARAUJO, J.V.; GOMES, A.PS.; GUIMARAES, M.P. Biological
control of bovine gastrointestinal nematode parasites in
southeastern Brazil by the nematode-trapping fungus
Arthrobotrys robusta. Revista Brasileira de Parasitologia
Veterinéria, v.7, p.117-122, 1998.

ARAUJO, J.V.; STEPHANO, M.A.; SAMPAIO, W.M. Passage
of nematode-trapping fungi through the gastrointestinal tract
of calves. Veterinarski Arhiv, v.69, p.69-78, 1999.

ARAUJO, J.V. et al. Effects of different temperatures and
mineral salt on pellets of Monacrosporium thaumasium — a
nematode-trapping fungus. Veterinarski Arhiv, v.70, p.181-
190, 2000.

FURLONG, J; ABREU, H.G.L.; VERNEQUE, R.S. Parasitoses
de bovinos na regido da Zona da Mata de Minas Gerais. |.
Comportamento estacional de nematédeos gastrintestinais.
Pesquisa Agropecuéria Brasileira, v.20, p.143-153, 1985.

GOMES, A.PS.; ARAUJO, J.V.; RIBEIRO, R.C.F. Differential
in vitro pathogenicity of the genus Monacrosporium for
phytonematodes, free-living nematodes and parasitic
nematodes of cattle. Brazilian Journal of Medical and
Biological Research, v. 32, p.79-83, 1999.

GORDON, H.M.; WHITLOCK, H.V. A new technique for
counting nematode eggs in sheep faeces. Journal of Council
Science Industry Research, v.12, p.50-52, 1939.

HASHMI, H.A.; CONNAN, R.M. Biological control of
ruminant Trichostrongylids by Arthrobotrys oligospora,
predacious fungus. Parasitology Today, v.5, p.28-30, 1989.

KADO, C. |.; HESKET, M.G. Selective media for isolation of
Agrobacterium, Corynebacterium, Erwinia, Pseudomonas
and Xanthomonas. Phytopathology, v.60, p.969-976, 1970.

KEITH, R.K. The differentiation on the infective larvae of
some common nematode parasites of cattle. Australian
Journal of Zoology, v.1, p.223-235, 1953.

LACKEY, B.A.; MULDOON, A.E.; JAFFE, B.A. Alginate
pellet formulation of Hirsutella rossiliensis for biological
control of plant-parasitic nematodes. Biological Control,
v.3, p.155-160, 1993.

LIMA, JD. et a. Epidemiology of bovine nematode parasites
in southeastern Brasil. In: GUERRERO, J.; LEANINGW.H.D.
(Eds). Epidemiology of bovine nematode parasites in
the americas. Maryland : MSD, 1990. p.49-64.

MEEUSEN, E. Rationa design of nematode vaccines-natural
antigens. International Journal for Parasitology, v.26,
p.813-818, 1996.

REINECKE, R.K. A field study of some nematode parasites
of bovines in a semi-arid area, with special reference to their
biology and possible methods of prophylaxis.
Onderstepoort Journal Veterinary Research, v.28,
p.365-464, 1960.

ROBERTS, F.H.S.; O'SULLIVAN, PJ.; RIEK, R.F. The
epidemiology of parasitic gastro-enteritis of cattle.
Australian Journal Agricultural Research, v. 3, p.187-
226, 1952.

WALKER, H.L.; CONNICK, Jr. Sodium alginate for
production and formulation of mycoherbicides. Weed
Science, v.31, p.333-338, 1983.

WALLER, PJ.; LARSEN, M. The role of nematophagous
fungi in the biological control of nematode parasites of
livestock. International Journal for Parasitology, v.23,
p.539-546, 1993.

WOLSTRUP, J. et al. An attempt to implement the
nematode-trapping fungus Duddingtonia flagrans in
biological control of trichostrongyle infections of first year
grazing calves. Journal of Helminthology, v. 68, p.175-
180, 1994.

WOOLASTON, R.R.; BAKER, R.L. Prospects of breeding

for parasite resistance. International Journal for
Parasitology, v.26, p.845-855, 1996.

CiénciaRural, v.34, n.2, mar-abr, 2004.



