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RESUMO 

 

VIDAL, Maria Larissa Bitencourt, D.Sc., Universidade Federal de Viçosa, setembro de 
2024. Ação de Duddingtonia flagrans comparada a associação de Duddingtonia 
flagrans E Pochonia chlamydosporia no controle biológico de nematoides de 
bovinos e crescimento de fungos nematófagos na presença de anti-helmínticos. 
Orientador: Jackson Victor de Araújo. 
 
A criação de bovinos apresenta influência pelos nematoides gastrointestinais, sendo 

a prática fundamental para a economia brasileira. Os objetivos do estudo foram avaliar 

a ação dos fungos Duddingtonia flagrans e Pochonia chlamydosporia na redução dos 

helmintos gastroinstestinais de bovinos criados extensivamente em pastagens, avaliar 

ação e atividade nematicida dos fungos D. flagrans (isolado AC001) e P. 

chlamydosporia (isolado VC4), por meio da contagens de ovos de helmintos parasitos 

por grama de fezes (OPG) e as reduções do número de larvas infectantes (L3) 

recuperadas das coproculturas das fezes e da pastagem, além de avaliar o 

crescimento dos fungos D. flagrans (isolado AC001), P. chlamydosporia (isolado VC4) 

e Arthrobotrys.musiformis (isolado I144) sob efeito in vitro de abamectina, albendazol 

e levamisol. A avaliação da atividade nematicida dos fungos foi realizada com dezoito 

bovinos machos Holstein x Zebu, com idades entre 12 e 15 meses, foram divididos 

em três grupos de seis animais: T1, T2 e controle. O grupo T1 recebeu uma 

formulação oral contendo D. flagrans, e o grupo T2 recebeu uma formulação contendo 

D. flagrans e P. chlamydosporia e o controle que não recebeu tratamento. Os animais 

foram mantidos em cercados naturalmente infestados com larvas de nematoides (L3). 

Durante nove meses, a carga parasitária foi monitorada por meio de amostragens 

fecais e coleta de pasto para determinar a infestação de L3 no ambiente. Devido à 

baixa precipitação durante o experimento, a recuperação de L3 das pastagens foi 

baixa. No entanto, a contagem de ovos por grama de fezes (OPG) foi 

significativamente menor nos grupos T1 e T2 em comparação ao grupo controle em 

abril, maio e julho. Em março, os valores foram menores apenas no grupo T1 em 

relação ao controle. A administração dos fungos na dosagem de 6 g/100 kg de peso 

vivo, contendo 106 clamidósporos de cada fungo por grama, reduziu tanto o OPG 

quanto a infestação de L3 nas pastagens, indicando a eficácia dos fungos no controle 

dos nematoides gastrintestinais. Na influência de anti-helmínticos comerciais sobre o 

crescimento de fungos nematófagos. Foram testados os anti-helmínticos cloridrato de 

levamisole 7,5% (Ripercol®), solução de abamectina 1% (Calbos®) e solução de 



 

 

 

sulfóxido de albendazole 15% (Agebendazole®). As formulações foram diluídas em 

quatro níveis de concentração: 1, 10, 100 e 1000 ppm para albendazol e abamectina, 

e 2;23; 22,3; 223 e 2230 ppm para levamisole. Os tratamentos foram acompanhados 

por controles: negativo (meio de cultura PDA 2%), positivo (meio de cultura com 

estirpe fúngica) e de água. O crescimento dos fungos A. musiformis, D. flagrans e P. 

chlamydosporia foi analisado em esquema fatorial com três repetições. Os resultados 

mostraram que A. musiformis e P. chlamydosporia sofreram menor influência dos anti-

helmínticos em comparação a D. flagrans, que apresentou maior inibição de 

crescimento. O albendazol, nas concentrações de 1 e 10 ppm, teve maior impacto no 

crescimento dos fungos. Esses resultados indicam a necessidade de compreensão 

detalhada da viabilidade das associações entre anti-helmínticos e fungos 

nematófagos para o estabelecimento de protocolos eficazes de controle integrado de 

nematoides gastrointestinais. 

Palavras-chave: Bovinocultura. Controle integrado. Fungos helmintófagos. Redução 
de helmintos. 

 

  



 

 

 

ABSTRACT 

 

VIDAL, Maria Larissa Bitencourt, D.Sc., Universidade Federal de Viçosa, August, 
2024. Action Duddingtonia flagrans compared to the association of 
Duddingtonia flagrans and Pochonia chlamydosporia in the biological control of 
cattle nematodes and growth of nematophagus fungus in the presence of 
antihelminthics. Adviser: Jackson Victor de Araújo. 
 
Cattle farming is influenced by gastrointestinal nematodes, and this practice is 

fundamental to the Brazilian economy. The objectives of the study were to evaluate 

the action of the fungi Duddingtonia flagrans and Pochonia chlamydosporia in reducing 

the gastrointestinal helminths of cattle raised extensively on pasture, to evaluate the 

action and nematicidal activity of the fungi D. flagrans (isolate AC001) and P. 

chlamydosporia (isolate VC4), by means of parasitic helminth egg counts. By means 

of parasitic helminth egg counts per gram of feces (EPG) in faeces and reductions in 

the number of infective larvae (L3) recovered from coprocultures of faeces and 

pasture, as well as assessing the growth of the fungi D. flagrans and P. chlamydosporia 

and Arthrobotrys musiformis (isolate I144) under the in vitro effects of abamectin, 

albendazole and levamisole. The evaluation of the nematicidal activity of the fungi was 

carried out on eighteen Holstein x Zebu male cattle, aged between 12 and 15 months, 

which were divided into three groups of six animals: T1, T2 and control. The T1 group 

received an oral formulation containing D. flagrans, the T2 group received a 

formulation containing D. flagrans and P. chlamydosporia and the control received no 

treatment. The animals were kept in pens naturally infested with nematode larvae (L3). 

For nine months, the parasite load was monitored through fecal sampling and pasture 

collection to determine the infestation of L3 in the environment. Due to the low rainfall 

during the experiment, the recovery of L3 from the pastures was low. However, the 

egg count per gram of feces (EPG) was significantly lower in groups T1 and T2 

compared to the control group in April, May and July. In March, the values were lower 

only in group T1 compared to the control. The administration of the fungi at a dosage 

of 6 g/100 kg live weight, containing 106 chlamydospores of each fungus per gram, 

reduced both OPG and L3 infestation in the pastures, indicating the effectiveness of 

the fungi in controlling gastrointestinal nematodes. The influence of commercial 

anthelmintics on the growth of nematophagous fungi. The anthelmintics tested were 

levamisole hydrochloride 7.5% (Ripercol®), abamectin solution 1% (Calbos®) and 

albendazole sulphoxide solution 15% (Agebendazole®). The formulations were diluted 



 

 

 

at four concentration levels: 1, 10, 100 and 1000 ppm for albendazole and abamectin, 

and 2.23, 22.3, 223 and 2230 ppm for levamisole. The treatments were accompanied 

by controls: negative (2% PDA culture medium), positive (culture medium with the 

fungal strain) and water. The growth of the fungi A. musiformis, D. flagrans and P. 

chlamydosporia was analysed in a factorial design with three replicates. The results 

showed that A. musiformis and P. chlamydosporia suffered less influence from 

anthelmintics compared to D. flagrans, which showed greater growth inhibition. 

Albendazole, at concentrations of 1 and 10 ppm, had the greatest impact on fungal 

growth. These results indicate the need for a detailed understanding of the viability of 

associations between anthelmintics and nematophagous fungi in order to establish 

effective integrated control protocols for gastrointestinal nematodes. 

 
Keywords: Bovine farming. Helminthophagous fungi. Helminth reduction. Integrated 
control.  
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1. INTRODUÇÃO GERAL 

 
A criação de bovinos desempenha um papel crucial na economia brasileira, 

sendo o Brasil, o país detentor do maior rebanho comercial de gado do mundo (IBGE 

2023) e terceiro maior produtor mundial de leite (BRASIL 2023). A bovinocultura 

garante um grande potencial para a produção de leite e carne, com destaque a 

pecuária leiteira produzindo no ano de 2022, 34.609.218 mil litros de leite, com 

arrecadação de 80.043.813 mil reais, sendo Minas Gerais o estado com maior 

produção (IBGE 2023).  

A criação dos bovinos, predominantemente é realizada de forma extensiva nas 

pastagens (Beretta et al. 2002; Dias-Filho, 2016), favorecendo a ocorrência constante 

de infecções por nematoides gastrintestinais (NGI), que prejudicam o desempenho 

dos animais e provocam perdas econômicas significativas, estimadas em cerca de US 

$ 7,11 bilhões anuais (Grisi et al. 2014). 

Os NGIs mais comuns nos rebanhos brasileiros pertencem aos gêneros 

Haemonchus e Cooperia (Oliveira et al. 2018; de Oliveira et al. 2022; Vieira et al. 

2020a). O ciclo de vida destes parasitos envolve uma fase de vida livre no ambiente 

e uma fase parasitária no animal (Taylor et al. 2016). No ambiente, os ovos eliminados 

nas fezes evoluem para larvas infectantes (L3), que migram para a pastagem e são 

ingeridas pelos animais, iniciando a fase parasitária até se tornarem vermes adultos 

(Girão et al. 1999). 

No cenário contemporâneo da criação de ruminantes, há uma ênfase crescente 

no aumento dos níveis de produção e na garantia do bem-estar animal (Fonseca et 

al. 2023). Nesse contexto, o controle de NGIs é crucial (Grisi et al. 2014).  

O controle das helmintíases é realizado predominantemente com o uso de anti-

helmínticos (Vidal et al. 2019; Kaplan, 2020), sendo as lactonas macrocíclicas, como 

a abamectina, os benzimidazóis, como albendazol e os imidotiazóis, como o 

levamisole, são os grupamentos químicos amplamente utilizado e difundidos no 

mercado nacional (Delgado et al. 2009).  

No entanto, a administração desses medicamentos não elimina as fases de 

vida livre dos parasitos, que permanecem viáveis no bolo fecal e nas pastagens (Wang 

et al. 2020; Voinot et al. 2020). Alternativas para integrar ao controle químico, com 

ação direta nas fases de vida livre, são os bioprodutos, destacando-se o uso de fungos 
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nematófagos como método seguro e viável (Braga et al. 2020; Luns et al. 2018; Vilela 

et al. 2018). 

Os fungos nematófagos, como Duddingtonia flagrans, Pochonia 

chlamydosporia e Arthrobotrys musiformis, têm demonstrado eficácia no controle de 

larvas e ovos de helmintos, respectivamente (Braga e Araújo 2014; Mendonza-de-

Gives et al. 2018; Vieira et al. 2020a; Araújo 2023). Inúmeros resultados têm sido 

obtidos com várias espécies de fungos nematófagos, em especial Duddingtonia 

flagrans para o controle de larvas de helmintos e Pochonia chlamydosporia com ação 

ovicida para o controle de ovos de helmintos (Braga e Araújo 2014; Mendonza-de-

Gives et al. 2018; Oliveira et al. 2018; Vieira et al. 2020a; Araújo et al. 2021; Oliveira 

et al. 2022; Araújo 2023). 

Duddingtonia flagrans destaca-se pela capacidade de formar clamidósporos 

que sobrevivem à passagem pelo trato gastrointestinal dos animais, disseminando-se 

no ambiente através do bolo fecal e predando larvas L3 de nematoides com suas hifas 

adesivas (Gronvold et al. 1996; Buzatti et al. 2015; Braga et al. 2020; Vieira et al. 

2020b; Fonseca et al. 2022; Li et al. 2022). Possui alta produção de esporos, que 

formam conídios e dão origem a hifas que tem o papel nematófago, que ao aprisionar 

os nematoides apresentam ação destrutiva, por produzir alta quantidade de 

clamidósporos, que coloniza e prende com facilidade e são altamente resistentes 

apresentando alta taxa de sobrevivência ambiental (Fonseca et al. 2022; Calazans et 

al. 2023). 

Pochonia chlamydosporia atua principalmente na destruição de ovos de 

helmintos através da penetração mecânica e ação enzimática, colonizando e 

digerindo o conteúdo dos ovos (Lopes et al. 2007; Podestá et al. 2009; Araújo et al. 

2021). Este fungo não forma armadilhas como D. flagrans, mas desenvolve 

apressórios que permitem a colonização e penetração na superfície dos ovos de 

helmintos (Lopez-Llorca et al. 2002; Araújo et al. 2021; Fonseca et al. 2023). É 

considerado facultativo parasitando ovos de nematoides, possui hifas septadas que 

constitui o micélio e produz esporos (Gams e Zaire 2001). As hifas possuem a 

capacidade de penetração por orifícios existentes na estrutura dos ovos (Araújo et al. 

2004), há também relatos de P. chlamydosporia parasitando helmintos adultos 

(fêmeas) (Lopes et al. 2007). 

Arthrobotrys musiformis é outro fungo nematófago que forma redes de hifas 

que capturam e digerem as larvas de nematoides. Sua ação predatória complementa 
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a dos outros fungos, oferecendo uma abordagem sinérgica no controle biológico dos 

helmintos (Vieira et al. 2019; Ayupe et al. 2016). É capaz de produzir armadilhas 

tridimensionais que imobilizam e promovem a adesão e penetração das larvas de 

helmintos (Oliveira et al. 2018). Estudos desmonstraram sua atividade em larvas de 

helmintos, isolado ou em associação a outros fungos, com alta capacidade predatória 

(Vieira et al. 2020b).  

A utilização combinada de anti-helmínticos e fungos nematófagos em um 

programa de controle integrado pode ser uma estratégia vantajosa. O uso conjunto de 

métodos químicos e biológicos maximiza a eficácia no controle de NGI, reduzindo a 

população de parasitos no ambiente e prolongando a ação dos compostos químicos 

(Ortiz Pérez et al. 2017; Bilotto et al. 2018; Oliveira et al. 2018; Voinot et al. 2020; 

Araújo et al. 2021). No entanto, é crucial compreender a interação entre os anti-

helmínticos e os fungos nematófagos, já que produtos sintéticos podem inibir o 

desenvolvimento e a esporulação desses fungos, comprometendo sua eficácia 

(Alizadeh et al. 1560; Neves et al. 2001). 

Estudos têm indicado que os produtos sintéticos podem inibir o 

desenvolvimento dos fungos nematófagos (Alizadeh et al. 1560; Neves et al. 2001), o 

que pode comprometer a eficácia do controle biológico. Os anti-helmínticos podem 

eliminar resíduos nas fezes dos animais e isso tem grande relevância, uma vez que o 

bolo fecal é o principal local de ação dos fungos (Navrátilová et al. 2023). Além disso, 

os efeitos adversos das lactonas macrocíclicas em fungos que colonizam o estrume 

dos animais foram documentados (Junco et al. 2020). A integração de métodos de 

controle químico e biológico pode ser vantajosa, mas requer um conhecimento 

detalhado sobre a compatibilidade entre fungos nematófagos específicos e anti-

helmínticos. 

 

2. JUSTIFICATIVA E OBJETIVOS 

 

A criação de bovinos desempenha um papel crucial na economia brasileira, 

que é predominantemente realizada de forma extensiva nas pastagens 

favorecendo a ocorrência constante de infecções por nematoides gastrintestinais, 

que prejudicam o desempenho dos animais e provocam perdas econômicas 

significativas. 
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O controle das helmintíases é crucial para a produtividade e 

acompanhamento sanitário dos rebanhos. Tradicionalmente, é realizado 

predominantemente com o uso de anti-helmínticos, no entanto, a administração 

desses medicamentos não elimina as fases de vida livre dos parasitos, que 

permanecem viáveis no bolo fecal e particularmente nas pastagens, além de outros 

fatores do próprio medicamento com efeitos no animal e no ambiente. Alternativas 

para integrar ao controle químico, com ação direta nas fases de vida livre, são o 

uso de fungos nematófagos que têm demonstrado eficácia no controle de larvas e 

ovos de helmintos. 

Os bioprodutos, especialmente os fungos predadores, tem apresentado 

grande relevância com características promissoras e seguras, estão sendo 

notadas ações em ovos e larvas de helmintos, fases que não são controladas por 

moléculas químicas, o que demonstra ação fúngica de Duddingtonia flagrans, sua 

capacidade de formar clamidósporos que sobrevivem ao trato gastrointestinal dos 

bovinos, disseminando-se no ambiente e predando larvas L3 de nematoides com 

suas hifas adesivas. Pochonia chlamydosporia, por outro lado, destrói ovos de 

helmintos por meio de penetração mecânica e ação enzimática. Já Arthrobotrys 

musiformis forma redes de hifas que capturam e digerem larvas de nematoides, 

complementando a ação dos outros fungos. A utilização combinada de anti-

helmínticos e fungos nematófagos em um programa de controle integrado pode 

aumentar a eficácia no manejo de NGIs, reduzindo a população de parasitos na 

fase ambiental, prolongando a ação dos anti-helmínticos.  

A integração de métodos de controle químico e biológico pode ser 

vantajosa, mas requer um conhecimento detalhado sobre a compatibilidade entre 

fungos nematófagos específicos e anti-helmínticos. A escassez de estudos 

recentes sobre essa compatibilidade e a necessidade de padronização de métodos 

motivam a realização de pesquisas para investigar o efeito dos fármacos no 

crescimento de fungos nematófagos utilizados no controle biológico de helmintos. 

 

2.1 Objetivo geral 

 

Avaliar a ação dos fungos Duddingtonia flagrans e Pochonia chlamydosporia na 

redução dos helmintos gastrointestinais de bovinos criados extensivamente em 

pastagens do sudeste do Brasil.  
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2.2 Objetivos específicos 

 

• Avaliar a ação e atividade nematicida dos fungos D. flagrans (isolado AC001) e 

P. chlamydosporia (isolado VC4),  

• Avaliar as contagens de ovos de helmintos parasitos por grama de fezes (OPG) 

sob a ação dos fungos D. flagrans (isolado AC001) e P. chlamydosporia (isolado 

VC4). 

• Avaliar as reduções do número de larvas infectantes (L3) recuperadas das 

coproculturas das fezes e da pastagem sob ação dos fungos D. flagrans (isolado 

AC001) e P. chlamydosporia (isolado VC4),  

• Avaliar o crescimento dos fungos D. flagrans (isolado AC001), P. chlamydosporia 

(isolado VC4) e Arthrobotrys.musiformis (isolado I144) sob efeito in vitro de 

abamectina, albendazol e levamisol. 
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Efficacy of Duddingtonia flagrans and its combination with Pochonia 

chlamydosporia in controlling gastrointestinal nematodes in cattle  

Abstract 

This study evaluated the effects of oral administration of a formulation based on the 

fungus Duddingtonia flagrans (T1) and a formulation containing D. flagrans and 

Pochonia chlamydosporia (T2) for controlling gastrointestinal nematodes in naturally 

infected cattle. For nine months, eighteen male Holstein x Zebu cattle aged 12 to 15 

months were divided into three groups of six animals each (T1, T2 and control), 

separated into paddocks naturally infested with nematode larvae (L3). The parasite 

load was monitored through fecal sampling and pasture collection to determine L3 

infestation in the environment. Low L3 recovery from the pasture was observed due to 

low rainfall during the experiment (dry season). Egg counts per gram of feces (EPG) 

were lower in T1 and T2 than in the control group in April, May and July, while in March 

the values were lower only in T1 than in the control. Individual or combined 

administration of fungi at a dosage of 6 g/100 kg live weight of each product, containing 

106 chlamydospores of each fungus per gram, reduced both EPG and L3 in pastures, 

thus indicating their effectiveness in controlling gastrointestinal nematodes in cattle. 

Keywords: helminths; helmintophagous fungi; nematophagous fungi. 

 

Introduction 

 

In the contemporary scenario of ruminant farming, there is a growing emphasis 

on enhancing production levels while simultaneously ensuring the wellbeing of 

animals. Gastrointestinal nematode (GIN) control plays a crucial role in addressing 

both of these essential considerations (Grisi et al. 2014). 

Animals become infected with GINs mainly through exposure to pastures 

contaminates with third-stage larvae (L3) (Takeuchi-Storm et al. 2019).  The main way 

to control these parasites is through treating animals with anthelmintic drugs (Vidal et 

al. 2019; Kaplan 2020), but in many cases, these are administered incorrectly, with 

excessive and indiscriminate use of therapeutic agents. This increases production 

costs without achieving effective control of infections (Delgado et al. 2009). In addition, 

anthelmintics do not act on the free-living stages of nematodes and can leave harmful 

residues in animal products (SINDAN, 2018). 
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Protocols for eliminating GINs, such as those of the genera Haemonchus and 

Cooperia, consist of use of drug therapies based on synthetic chemical compounds. 

However, a wide variety of studies have demonstrated helminth resistance to 

commercially available drugs (Delgado et al. 2009; Vidal et al. 2019; Kaplan 2020). 

Control with bioproducts is an alternative for managing cattle nematodes in pastures 

(Braga et al. 2020). The use of biological control methods involving nematophagous 

fungi has proven to be a safe and viable alternative (Braga et al. 2020; Luns et al. 

2018; Vilela et al. 2018) that complements GIN control activities through the action of 

these fungi in the environment.  

Promising results have been obtained with various species of nematophagous 

fungi, in particular Duddingtonia flagrans for controlling helminth larvae and Pochonia 

chlamydosporia with ovicidal action towards controlling helminth eggs (Braga and 

Araújo 2014; Mendonza-de-Gives et al. 2018; Oliveira et al. 2018; Vieira et al. 2020; 

Araújo et al. 2021; Mendonza-de-Gives et al. 2022; Oliveira et al. 2022; Araújo 2023).  

The use of helminthophagous fungi to complement GIN control is already 

applicable, as they do not cause undesirable effects in the environment, allowing for a 

longer residence time. Their environmental action is widely relevant in the GIN control, 

and they can be dispersed through spores and, in some cases, form chlamydospores, 

which are highly resistant and can be commercially produced (Delmilho et al 2024). 

The D. flagrans species used has the characteristic of forming chlamydospores 

and stands out because of its ability to survive passage through the gastrointestinal 

tract (GIT) of animals and spread by means of the fecal bolus in the environment 

(Braga et al. 2020; Vieira et al. 2020; Li et al. 2022; Gronvold et al. 1996; Buzatti et al. 

2015), its high production of spores, forming conidia that give rise to hyphae that 

destroy L3 of nematodes (Fonseca et al. 2022).  

Its destructive action occurs through adhesive hyphae that prey on nematodes, 

and the large quantity of chlamydospores, highly resistant reproductive structures, 

which, if ingested, travel through the GIT of animals and remain viable when in the 

feces, colonizing them soon after they are deposited in the soil and preying on 

nematodes (Calazans et al. 2023). 

The fungus P. chlamydosporia is important in relation to biocontrol of 

nematodes (Ayupe, 2020). Its mechanical and enzymatic action destroys helminth 

eggs by means of appressoria developed from the hyphae, which allow it to colonize 
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the surface and penetrate, not forming traps (Fonseca et al. 2023) as in the fungus D. 

flagrans. 

 This fungus develops from hyphae, which facilitate growth and penetration into 

the surface of the helminth egg (Araújo et al. 2021; Lopez-Llorca et al. 2002). Thus, 

the development of biological control of GIN is an increasingly attractive option, but 

requires selection of the most effective fungal isolates or associations of such isolates.  

The aim of this study was to evaluate the effects of two commercial bioproducts, 

one based on D. flagrans and the other consisting of an association between D. 

flagrans and P. chlamydosporia, for reducing the levels of nematode eggs in animal 

feces and larval infestations in pastures. 

 

Materials and methods 

 

The study was approved by the Ethics Committee for the Use of Animals 

(CEUA) of the Federal University of Viçosa (UFV), under reference number 37/2020. 

The experiment was conducted on a farm located in the municipality of Abre 

Campo, state of Minas Gerais, southeastern Brazil, latitude 20° 18' 04 "S, longitude 

42° 28' 39" W, from February to October 2021. 

Two formulations supplied by GhenVet Saúde Animal (Brazil) were used: a 

formulation based on the fungus D. flagrans known as Bioverm®, which contains 106 

chlamydospores of the fungus per gram, and an experimental formulation (EF) 

combining D. flagrans and P. chlamydosporia, containing 106 chlamydospores of each 

fungus per gram.  

The animals were divided according to their average EPG after pilot test, into 

three groups of six animals (Bioverm® (T1), Experimental Formulation (T2) and 

Control (C)) each and separated into three 6-ha paddocks of Brachiaria brizantha, with 

ad libitum water supply, naturally contaminated with nematode larvae as a result of 

previous grazing by animals naturally infected with GINs.  

Based on this analysis fecal, eighteen male Holstein-Zebu crossbred cattle, with 

distribution was completely random, only considering average EPG, aged between 12 

and 15 months, with an average initial weight of 150 kg, which remained at this average 

weight.  Fecal samples were obtained at the same time of day (1 pm) using the eggs 

per gram of feces (EPG) every fortnight, accordance with the methods of Gordon and 

Whitlock 1939 with modifications by Lima 1989 and Dennis et al 1954. After the EPG 
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fecal culture was carried out using the Roberts and O’Sullivan 1950 technique to 

identify the genera of helminth larvae.  

The experiment lasted nine months (February to October 2021), during which 

time animal feces and pasture vegetation were collected fortnightly, including the rainy 

and dry seasons.  

In the group that received Bioverm® (T1), each animal was treated with 6 g of 

the product for every 100 kg of body weight. The product was administered daily, mixed 

with 1 kg of maize bran. Group T2 received the experimental formulation (mixed with 

maize meal), also at a daily dose of 6 g/100 kg body weight. In the control group (C), 

each animal received maize meal daily, without fungal spores. The animals were 

monitored fortnightly and the dosage of the products was based on body score and 

average weight, in accordance with previous studies carried out on the same farm, with 

the same animals, as described by Vieira et al. (2020) and Oliveira et al. (2022). 

Every 15 days from the start of the experiment, two samples of B. brizantha 

grass were collected (0-20 cm and 20-40 cm away from the feces) in the grazing areas 

of the treated and control groups, at six different points, as described by Raynaud and 

Gruner (1982), at the same time of day (2 pm). Samples of 500 g of pasture forage 

were used to recover infective larvae (L3) in accordance with method describe by Lima 

(1989) and identified using the Roberts and O’Sullivan (1950) technique. The sediment 

was examined under an optical microscope and the larvae were counted and identified 

using the criteria established by Keith (1953). The 500 g samples of grass used were 

placed in an oven at 100 °C to obtain the dry matter. The data obtained were 

transformed into the number of larvae per kilogram of dry matter. 

Climate data on minimum, average and maximum monthly temperatures and 

monthly precipitation were obtained from the Agricultural Meteorological Monitoring 

System (Agritempo), available at the website 

https://www.agritempo.gov.br/agritempo/index.jsp. The averages of EPG, L3 

recovered in coproculture and L3 from pasture samples, and weather data during the 

nine months of the experiment, were converted into monthly values. Then, EPG and 

L3 data from pasture were subjected to Levene's test for equality of variances, ANOVA 

and Tukey’s test for EPG data, and the chi-square test for L3 in the pasture, in all cases 

at a significance level of 5%. All tests were carried out using IBM SPSS Statistics 2.0. 

  

Results 
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Egg counting techniques  

 

The EPG results are presented in Table 1, which shows the average monthly 

EPG values for the feces in the three groups during the period from February to 

October 2021.  

In the first month (February) of treatment, EPG values did not differ in all groups. 

In March, EPG values were lower in treatment 1 (6 g of product/100 kg of body weight 

containing 106 chlamydospores per gram of Duddingtonia flagrans) than in the control 

group (C), while in April, May and July, the values were lower in the treatment 1 and 

treatment 2 groups than in the control (C). In June, August, September and October, 

there were no differences between the groups. 

Table 1. Monthly averages and standard error of the number of eggs per gram of feces 

(EPG) in treatment 1 (6 g of fungus/100 kg body weight, containing 106 

chlamydospores per gram of Duddingtonia flagrans), treatment 2 (formulation with 6 g 

of fungus/100 kg body weight, containing 106 chlamydospores per gram of D. flagrans 

and Pochonia chlamydosporia) and control (C), using the McMaster technique, during 

the period from February to October 2021, in Abre Campo, Minas Gerais, Brazil. 

 

Month Control Treatment 1 Treatment 2 

Feb 0.00 ± 0.00a 8.33 ± 20.41ª 
83.33 ± 

204.12a 

Mar 66.67 ± 66.46ª 0.00 ± 0.00b 
37.50 ± 

49.37ab 

Apr 95.83 ± 74.86ª 25.00 ± 22.36b 8.33 ± 20.41b 

May 79.17 ± 48.52ª 20.83 ± 24.58b 
16.67 ± 

20.41b 

Jun 37.50 ± 37.91ª 33.33 ± 25.82ª 
20.83 ± 

29.23a  

Jul 62.50 ± 41.08ª 8.33 ± 12.91b 
12.50 ± 

20.92b 

Aug 70.83 ± 82.79ª 8.33 ± 12.91ª 8.33 ± 12.91a 

Sep 16.67 ± 25.82ª 33.33 ± 51.64ª 8.33 ± 20.41a 
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¹ Data subjected to ANOVA and to Tukey’s test, with a significance level of 0.05. Means with different letters on the same line 

were statistically different, with their respective standard deviations. 

 

Larval recovery techniques  

 

Figure 1 shows the quantities of stage L3 larvae of each genus of GIN recovered 

from the fecal cultures from animals in T1, T2 and the control group (C). 

 

Figure 1. Average values for percentages of infective larvae of the genera 

Haemonchus (Haem), Cooperia (Coop) and Oesophagostomum (Oeso) recovered 

from the coprocultures of treatment groups 1 (6 g of fungus/100 kg of body weight, 

containing 106 chlamydospores per gram of Duddingtonia flagrans), treatment 2 

(formulation with 6 g of fungus/100 kg of body weight, containing 106 chlamydospores 

per gram of D. flagrans and Pochonia chlamydosporia) and control (C), during the 

period from February to October 2021 in Abre Campo, Minas Gerais. 

The genus Haemonchus was predominant, followed by the genus Cooperia, in 

the treatment 2 (EF) and control groups (C). Neither genus was observed in treatment 

1 (Bioverm®) after the start of the experiment. 

The mean numbers of larvae recovered at both distances from the fecal masses in 

treatment 1 (6 g of product/100 kg of body weight, containing 106 chlamydospores per 

gram of Duddingtonia flagrans), treatment 2 (formulation with 6 g of product/100 kg of 
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body weight, containing 106 chlamydospores per gram of D. flagrans and Pochonia 

chlamydosporia) and control (c) differed significantly (p 0.05), as shown in table 2.  

 

Table 2. Mean values and standard errors for numbers of infective larvae recovered 

per kilogram of dry matter in forage samples from treatment 1 (6 g of fungus/100 kg of 

body weight containing 106 chlamydospores per gram of Duddingtonia flagrans), 

treatment 2 (formulation with 6 g of fungus/100 kg of body weight of D. flagrans and 

Pochonia chlamydosporia) and control (C) during the period from February to October 

2021, in Abre Campo, Minas Gerais, Brazil. 

 

 

Larvae per kg of dry matter (0-20 cm) 

Month Control Treatment 1 
Treatmen

t 2 

Feb 2.00 0.00 0.00 

Mar 6.00 0.00 3.50 

Apr 1.00 0.50 0.00 

May 3.00 0.00 0.00 

Jun 1.50 0.50 0.50 

Jul 0.00 0.00 1.00 

Aug 8.00 3.00 0.00 

Sep 0.00 5.00 1.00 

Oct 0.00 0.00 4.00 

Mean 2.38ª 1.0 b 1.11 c 

Larvae per kg of dry matter (20-40 cm) 

Month Control Treatment 1 
Treatmen

t 2 

Feb 1.00 0.50 0.00 

Mar 2.00 0.50 0.00 

Apr 1.50 12.00 1.50 

May 0.50 0.00 0.00 

Jun 3.00 0.00 0.00 

Jul 1.00 1.50 0.00 
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*Different letters on the same line indicate significant differences between the data (p < 0.05), according to the chi-square test. 

 

As with the coprocultures, the agents recovered from the pasture belonged 

predominantly to the genera Haemonchus and Cooperia in the early stages. 

Climatic definitions 

Monthly minimum, average and maximum temperatures and monthly 

precipitation during the experimental period in the municipality of Abre Campo, in the 

state of Minas Gerais, Brazil, are presented in figure 2.  

 

Figure 2. Mean monthly temperatures (T mean) and precipitation (mm3) from February 

to October 2021 in the Abre Campo region, Minas Gerais, Brazil.   

 

In 2021, the lowest temperatures were registered in May and July. Monthly 

average temperatures varied from 19.26 °C in July to 25.57 °C in March. The highest 

precipitation rate was observed in October (6.60 mm³), while in the other months 

rainfall fluctuated between zero in July and 1.46 mm³ in March. 

 

Discussion 
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Infection levels were considered low throughout the experiment, this may have 

been due to the age of the individuals, host resistance mechanisms to parasites or 

residual control effects on the animals and pasture. During the experimental period, 

the animal of natural exposure to B. brizantha forage without chemical control, natural 

infection by the most common helminths was observed in this environment was 

observed. According to epidemiological studies carried out by Kenyon et al. (2009) and 

Franco et al. (2018), nematodes are found in around 95% of pastures.  

According to Kaplan (2020), the effect of anthelmintics eliminates the adult 

stages and eggs from feces, which was noted in the early analysis. The action of fungi 

on the environmental life stages of helminths cannot be denied based on the data 

observed (table 1). The most frequently identified larvae in fecal coprocultures and in 

the recovery of larvae on pasture were of the genera Haemonchus sp. and Cooperia 

sp. (Figure 1 and table 2), which corroborated the findings from earlier research 

(Mendonza-de-Gives et al. 2018; Oliveira et al. 2018; Vieira et al. 2020; Oliveira et al. 

2022).  

These genera are highly prevalent within the Brazilian context and their 

presence gives rise to economic ramifications, including issues such as anemia, 

nutrient deprivation and even mortality among parasitized animals (Girão et al. 1999; 

Heckler and Borges, 2016). The findings of the recovery of larvae by the coproculture 

of feces and pasture differed between treatments, with the recovery of the genera 

Haemonchus spp. and Cooperia spp. Being observed in the control and T2, but no in 

T1. 

Parasites of the Haemonchus genera are responsible for major losses in cattle 

farming. They have a great capacity for abomasal lesions due to their blood-spoiling 

action, wich is relevant to the performance and health of parasitized animals (Marmitt 

et al. 2020). The Cooperia genera influences weight gain, appetite and can lead to 

diarrhoea, but with less influence (Fonseca et al. 2022).  

Similar results were observed for collections between January and July, in wich 

Haemonchus spp. and Cooperia spp. were also recovered and there were differences 

between the groups, with a greater predominance of trichostrongylids (Delmilho et al. 

2024). The recovery of larvae fell over the course of the experiment, unlike the study 

by Delmilho et al. (2024), wich found sudden falls and rises, without uniformity, 

indicating the lack of predation by the D. flagrans fungi, and it is worth noting that they 

used an underdose of the fungi. 
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The activity of helminthophagous fungi has been described by numerous 

authors (Araújo, 2023; Braga and Araújo, 2014; Mendonza-de-Give et al. 2022; Araújo 

et al. 2021; Carmo et al. 2023). Oral administration of fungi, as in this study, is practical 

and effective because these fungi can bind to animal feces and can colonize and 

destroy eggs or capture infective larvae of GINs, acting at an important stage in the life 

cycle of these parasites (Li et al. 2022; Rodrigues et al. 2021). 

In this study, the use of D. flagrans fungi or the combined use of D. flagrans and 

P. chlamydosporia significantly reduced EPG counts, compared with the control group, 

during some periods of the experiment: March for treatment 1 and April, May and July 

for treatments 1 and 2. Fungal control also led to significant reductions in 

environmental contamination by larvae (Table 2). Similar results were found in previous 

studies carried out on the same farm, using different fungal bases and forms of 

application (Vieira et al. 2020; Oliveira et al. 2022). The action of this association of 

fungi (D. flagrans and P. chlamydosporia) has also been observed in relation to 

controlling infective forms of predominantly small strongyle nematodes in horses 

(Carmo et al. 2023).  

This study showed low levels of environmental contamination and the release 

of eggs and larvae into the pasture, as verified by a previous study carried out in the 

same location using the control fungi Arthrobotrys cladodes and P. chlamydosporia, in 

the form of sodium alginate pellets, which also reduced these parameters, with residual 

action in the pasture, thus contributing to the low levels of environmental contamination 

and the release of eggs into the pasture (Vieira et al. 2020).  

According to Li et al. (2022), in order to effectively control GINs, it is essential to 

interfere with their entire life cycle, i.e. to reduce the number of nematodes in animals 

and on the pasture at the same time. The life cycle of GINs involves the organism of 

the host animals and the environment (on pastures in extensive grazing systems) 

(Torres-Acosta and Hoste, 2008). The individual or combined administration of fungi in 

this study reduced both EPG and L3 in pastures, which indicates the action of these 

fungi in the environmental phase (free-living phase) of the nematodes. Reducing 

environmental infestation is a highly desirable factor in parasite control, as it reduces 

the level of reinfection of animals. 

The D. flagrans species used has the characteristic of forming chlamydospores 

and stands out because of its ability to survive passage through the GIT of animals 

and spread by means of the fecal bolus in the environment (Braga et al. 2020; Vieira 
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et al. 2020; Li et al. 2022; Gronvold et al. 1996; Buzatti et al. 2015). This fungus has 

proven to be an excellent biological alternative for controlling infections of animals by 

nematodes, which explains the reduction in EPG observed over the course of this 

experiment. The fact that no larvae were recovered from the coprocultures of the group 

treated with D. flagrans spores suggests that this fungus acts on the fecal bolus, to 

capture and destroy the hatched larvae (Rodrigues et al. 2021; Braga et al. 2008).  

D. flagrans has great survival potential in both favourable and unfavourable 

environmental situations (Mendoza-de-guives et al. 2018), its high production of 

spores, forming conidia that give rise to hyphae that carry out the destruction of L3 

nematodes and chlamydospores, they have a thick wall that gives in the characteristic 

resistance to survive the environment and the GIT of animals (Fonseca et al. 2023). 

Its destructive action occurs by means of adhesive hyphae that prey on 

nematodes, and the large quantity of chlamydospores, highly resistant reproductive 

structures, which, if ingested, travel through the TIG of animals and remain viable when 

in the feces, colonizing them soon after they are deposited in the soil and preying on 

nematodes (Calazans et al. 2023), the helminths are trapped by hyphae in the shape 

of three-dimensional nets that penetrate the cuticle and digest even the internal 

contents of the larva (Fonseca et al 2023). Hence, a commercial product based on 

chlamydospores of D. flagrans (Bioverm®) has been licensed and is marketed in 

Brazil.  

Nematophagous fungi can be distinguished by their ability to generate traps, the 

hyphae being the format that performs this action (Braga and Araújo 2014).  P. 

chlamydosporia acts by means of appressoria developed from the hyphae, which allow 

it to colonize the surface and penetrate the eggs, but does not form traps (Fonseca et 

al. 2023) like the fungus D. flagrans. 

The fungus P. chlamydosporia is important in relation to biocontrol of 

nematodes (Ayupe, 2020). Its mechanical and enzymatic action destroys helminth 

eggs. From hyphae, which facilitate growth and penetration into the surface of the 

helminth egg (Araújo et al. 2021; Lopez-Llorca et al. 2002). The EPG counts obtained 

in this study indicated the action of the fungal association between D. flagrans and P. 

chlamydosporia, which may suggest that P. chlamydosporia has ovicidal action. 

Because they differ in their mechanism of action, the predatory fungus D. 

flagrans and the ovicidal fungus P. chlamydosporia, used together, can present 

synergistic and integrated benefits for the biological control of GINs (Ayupe et al. 2020). 
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Beyond fungal action, other factors may have influenced the results from this 

study, such as the height of the grass in the pastures, which varied from 15 cm to 80 

cm over the course of the experiment. This variation probably destabilized the 

microclimate, such that it would become less favorable to the development and survival 

of the larvae, as well as interfering with protection of the feces and enabling rapid 

degradation (Rocha et al. 2008). 

Climatic conditions are important factors that influence pasture growth and the 

maintenance of infective larvae (Quadros et al. 2012). In this regard, another factor 

that influenced the distribution of L3 was the average temperature recorded during the 

experimental period. According to Heckler and Borges (2016), temperature variations 

between 13 °C and 26 °C are suitable for maintaining the free-living stages of 

Haemonchus and Cooperia larvae. The maximum temperatures recorded were higher 

than this range in six of the nine months of the experiment (Figure 2).  

The high temperatures, together with the lack of rain during the experimental 

period, especially in the months of May, June, July and August, contributed to reduction 

in grazing areas and, consequently, increased egg degradation. This reduced the 

larval load in the pastures in all groups, as indicated by the EPG counts and grazing 

results in the final months of the experiment.  

The presence of water is essential for the migration of L3 from the feces to the 

pasture (Quadros et al. 2012; Van Dijk and Morgan, 2011). In the present study, 

although climatic factors may have contributed to the reduction in EPG and L3 

infestation in the pastures, the comparison between experimental groups suggests that 

the fungi D. flagrans and P. chlamydosporia, alone or in combination, had significant 

action towards reducing the number of larvae in the pastures and the parasite load of 

the cattle.  

Extensive grazing is the most widespread and productive method for rearing 

ruminants in Brazil. Therefore, availability of bioproducts for parasite control will 

contribute towards controlling GINs through their environmental action, thereby 

minimizing the negative impacts resulting from helminthic infections in animal 

production systems. 

   

Conclusions 
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Knowledge about sustainable products is important for enabling rural producers 

to adopt alternative practices. In this study, use of the nematophagous fungus D. 

flagrans separately or in combination with P. chlamydosporia was responsible for 

reducing egg counts and larval levels in pastures. Thus, application of these 

bioproducts forms a promising approach towards integrated helminth control among 

ruminants. 
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GROWTH OF NEMATOPHAGOUS FUNGI IN THE PRESENCE OF 

ANTHELMINTICS DRUGS 

Abstract 

 This study investigated the activity of commercial anthelmintics for ruminants based 

on levamisole hydrochloride 7.5% (Ripercol®), abamectin solution 1% (Calbos®) and 

albendazole sulphoxide solution 15% (Agebendazole®) on the growth of the 

nematophagous fungi: Arthrobotrys musiformis, Duddingtonia flagrans and Pochonia 

chlamydosporia. The formulations were diluted in proportional parts, creating four levels of 

dilution (DL1, DL2, DL3 and DL4). For albendazole and abamectin the concentrations for 

each diluted solution were 1, 10, 100, 1000 ppm and for levamisole the concentrations 

were 2.23, 22.3, 223 and 2230 ppm. The treatments were accompanied by: negative 

control (NC) – culture medium only (PDA 2%); positive control (PC) – culture medium 

with fungal strain; and water control (WC). The response for each species of fungus 

was carried out using a factorial scheme, with three drugs and four dilutions, tested 

with three repetitions. The results showed that the fungi A. musiformis and P. 

chlamydosporia suffered less influence on their growth under the action of the 

anthelmintics, unlike D. flagrans which suffered greater inhibition of its growth. The 

anthelmintic albendazole at concentrations of 1 and 10 ppm had a greater influence on 

fungal growth. Understanding the viability of these associations is fundamental to 

establishing protocols aimed at reducing the incidence of worms in cattle farming. 

Keywords: Antiparasitic; Arthrobotrys musiformis; Biological control; Duddingtonia 

flagrans; Helminthophagous fungi; Pochonia chlamydosporia. 

 

Introduction 

 

The problems caused by worms in cattle farming are significant, creating a need 

to improve the effectiveness of current control protocols Fonseca et al. 2022. One 

promising approach is using nematophagous fungi to reduce the parasite population, 

exploring their natural antagonismo Araújo 2023; Melo et al 2023. Nematophagous 

fungi can present synergism with pharmaceutical agents, promoting their action over 

helminth eggs and larvae. This approach can be used alongside chemical control, 

especially against the infective forms present in feces and in the environment Araújo 

et al 2009; Braga et al 2008. 
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Integrating different methods of control can be an advantageous strategy; 

however, to better explore this strategy,  it is important to understand the effect of 

anthelmintics on the fungi activity. This issue is described by Neves et al 2001, and 

Alizadeh et al 1560, who indicate that synthetic products, such as anthelmintics, can 

inhibit the development of nematophagous fungi. The use of these products in 

conjunction with fungi can interfere with, and even inhibit, the growth and sporulation of 

these microorganisms, resulting in a reduction in their effectiveness and performance. 

This issue is of crucial importance in the context of using nematophagous fungi to 

control gastrointestinal parasites. 

Chemical control (synthetic) of helminthiases is commonly carried out following 

the guidelines of the World Association for the Advancement of Veterinary Parasitology 

(WAAVP) Powers et al 1982; Wood et al. 1995. The elimination of anthelmintic 

residues in animal feces is essential, since the fecal bolus is where the main action of 

nematophagous fungi takes place Vieira et al 2020; therefore, residual components 

may have an effect over the fungi in the fecal bolus and in the soil. 

As demonstrated by Navrátilová et al 2023, who carried out a study with 

albendazole (ABZ) and found two main metabolites of ABZ, ABZ-sulfoxide (active 

anthelmintic) and ABZ-sulfone (inactive), which persisted in the soil (up to 25 cm from 

the feces) and in the plants for three months after the end of the experimental period. 

Junco et al. 2021 described the adverse effects of macrocyclic lactones, at 

concentrations in which they are eliminated in the feces of domestic animals, for 

different fungi species which colonize their manure. 

It is important to better understand integrated actions, such as the use of 

nematophagous fungi, which have become increasingly important. This topic has been 

increasingly studied and several recent studies have affirmed the feasibility of its 

application Ayupe 2020; Vieira 2020; Araújo 2023, giving rise to the need to know the 

relationship between the available forms of control and the feasibility of their adoption in 

an integrated manner. 

The relative scarcity of recent studies on the compatibility between specific 

nematophagous fungi and anthelmintics with in vitro effects Wang et al 2021; Zegbi et 

al 2024, together with the need to standardize methods for in vitro and then in vivo 

tests, motivated this research, with the objective of investigating the effect of drugs in 

the anthelmintic treatment of ruminants over the growth of nematophagous fungi used 

in the biological control of helminths.  
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Material and Methods 

 

Fungal isolates 

 

Three species of nematophagous fungi were used, isolated and identified 

according to the procedure carried out by Araújo et al 1993, the species being 

Arthrobotrys musiformis (isolate-I144), Duddingtonia flagrans (isolate-AC001) and 

Pochonia chlamydosporia (isolate-VC04), available from the nematophagous fungi 

collection of the Parasitology Laboratory of the Veterinary Department of the Federal 

University of Viçosa – Brazil. 

The original fungi were stored in test tubes containing 2% corn-meal agar (CMA), 

medium in a mycotheque, with dark environment at 4°C. The fungi were transferred to 

Petri dishes (9 cm of diameter) containing 2% agar medium (AA) and grown for 7 days 

in a BOD (Biological Oxygen Demand) chamber at 26 ºC in the absence of light. 

 

 Experimental Test 

 

The response for each species of fungus was studied using experimental trials 

that followed a 3×4 factorial scheme, with three drugs and four dilution levels, tested 

in a completely randomized experimental design with three repetitions. 

The three drugs tested in this study were: levamisole hydrochloride solution 7.5% 

(Ripercol®), abamectin solution 1% (Calbos®) and albendazole sulphoxide solution 15% 

(Agebendazole®), in commercial formulations. 

The susceptibility test was carried out using the microdilution technique in 

accordance with reference document M38-A2, adapted for anthelmintic drugs Rex et 

al 2008. The solutions were diluted with distilled water and mixed with potato dextrose 

agar (PDA 2%) and the anthelmintics, with a mixture of 10 mL of each drug (levamisole, 

abamectin and albendazole) in 100 mL of the culture medium. 

Albendazole and abamectin were diluted to 1, 10, 100 and 1000 parts per million 

(ppm) and levamisole hydrochloride to 2, 23, 22.3, 223 and 2230 ppm, forming four 

dilution levels for each drug: DL1 (factor: 1), DL2 (factor: 10), DL3 (factor: 100) and 

DL4 (factor: 1000) based on the methodology adapted from CLSI Rex et al 2008. 

Control treatments were established: negative control (NC), containing only the 
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presence of the culture medium (2% PDA); positive control (PC), formed by the 

presence of the culture medium and the fungal strain; and water control (WC), by adding 

10 mL of distilled water to 100 mL of 2% PDA medium, in order to guarantee the 

reproducibility and accuracy of the test. 

A total of 135 Petri dishes were prepared with samples of the three fungi 

subdivided into plots of 4 dilutions and individualized controls for each fungus, to 

analyze their mycelial growth for seven days. Thus, the experimental plots consisted of 

one Petri dish prepared with its respective treatment. 

The Petri dishes were placed in BOD chambers and kept in the dark at 27ºC, with 

fungal growth being daily monitored. Measurements were taken to check colony growth 

in two perpendicular directions, in centimeters (cm), until maximum growth was 

reached in each Petri dish Cadioli et al 2007. Mycelial growth was chosen for analysis 

since it is related to the fungi propagation and survival factor. The analysis technique 

is shown in figure 1. 

 

Figure 1. Trial registry showing the analysis of growth of nematophagous fungi 

being assessed during the seven days of observation in 2% Potato Dextrose Agar. 

 

Source: Personal archive 

Daily evaluations were carried out over a period of seven days, at the same period of the day, 

with each experimental plot recorded individually. At the end of the mycelial growth 

assessment period, the data was tabulated and subjected to analysis of variance and, 

according to the significance of the sources of variation, the means were compared using the 
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Tukey test, both at 5% probability. The analyses were carried out using the SISVAR statistical 

software, version 5.6 Ferreira 2011. 

 

Results 
 

The obtained results were represented as mean of growth from each trial carried out with the 

fungi Arthrobotrys musiformis, Duddingtonia flagrans and Pochonia chlamydosporia, which 

were subjected to different concentrations of anthelmintics (abamectin, albendazole and 

levamisole) and evaluated for seven days to check their effect on mycelial growth. These 

results are presented in the following tables, differentiating the fungi as A. musiformis (Table 

1), D. flagrans (Table 2) and P. chlamydosporia (Table 3). 

There was a significant effect of the interaction between the sources of variation (drugs and 

dilutions), showing that the effect of dilution and the type of drug acted together to determine 

the growth of A. musiformis, only initially (up to day 3). This interaction between factors was 

not observed after the fourth day, after which there was no significant effect between drugs or 

dilutions until the seventh day. On the seventh day, fungal growth was not significantly 

influenced by dilution, but was influenced by the type of drug used (Table 1). 

In Table 1, showing the growth activity of the A. musiformis fungus, on day 1 there were no 

significant differences among means for any of the anthelmintics or their dilutions. On day 2, 

as on day 1, there were no significant differences among any of the anthelmintics. On day 3, 

unfolding the interaction showed that the dilution only had an effect on the anthelmintic 

albendazole, for which the dilution at 0.1 PPM caused the lowest fungal growth. On that same 

day, a differentiation was noticed among the anthelmintics in DL1 and DL3, for which the lowest 

fungal growth was obtained with the use of albendazole (DL1) and albendazole and levamisole 

(DL3). On days 4, 5 and 6, growth again reached similar levels and there were no significant 

differences among means for any of the anthelmintics. At the end of the evaluation period (day 

7), the use of albendazole allowed greater fungal growth, while abamectin resulted in the 

lowest mycelial growth and levamisole presented an intermediate effect between the other 

drugs. 

Table 1. Mean mycelial growth, in centimeters, for Arthrobotrys musiformis (isolate-I144) 
under the effect of the anthelmintics: abamectin, levamisole and albendazole; for 7 days, at 
dilutions of 1 ppm (DL1) 10 ppm (DL2), 100 ppm (DL3), 1000 ppm (DL4) for albendazole and 
abamectin of 2, 23 ppm (DL1), 22.3 ppm (DL2), 223 ppm (DL3) and 2230 ppm (DL4), in 2% 
potato dextrose agar culture medium. 

 

Anthelmintic DL1 DL2 DL3 DL4 Mean 



48 
 

 

Day 1 

Abamectin 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Albendazole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Levamisole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Mean 0,00±0,00 0,00±0,00 0,00±0,00 0,00±0,00  

Day 2 

Abamectin 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Albendazole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Levamisole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Mean 0,00±0,00 0,00±0,00 0,00±0,00 0,00±0,00  

Day 3 

Abamectin 0.30±0.00 Aa 0.32±0.08 Aa 0.43±0.06 Aa 0.30±0.00 Aa 0,34±0,07 

Albendazole 0.10±0.00 Bb 0.30±0.00 Aa 0.22±0.10 ABb 0.27±0.06 Aa 0,22±0,09 

Levamisole 0.30±0.10 Aa 0.30±0.00 Aa 0.30±0.10 Ab 0.30±0.00 Aa 0,30±0,06 

Mean 0,23±0,11 0,31±0,04 0,32±0,12 0,29±0,03  

Day 4 

Abamectin 0,60±0,10 0,55±0,05 0,87±0,29 0,63±0,10 0,66±0,19 a 

Albendazole 0,77±0,21 0,77±0,06 0,80±0,20 0,67±0,06 0,75±0,14 a 

Levamisole 0,72±0,06 0,68±0,08 0,70±0,09 0,70±0,10 0,70±0,07 a 

Mean 0,69±0,14 A 0,67±0,11 A 0,79±0,19 A 0,67±0,08 A  

Day 5 

Abamectin 1,40±0,13 1,35±0,13 1,63±0,32 1,40±0,10 1,45±0,20 a 

Albendazole 1,45±0,05 1,50±0,00 1,68±0,16 1,60±0,20 1,56±0,15 a 

Levamisole 1,53±0,06 1,55±0,09 1,47±0,06 1,45±0,23 1,50±0,12 a 

Mean 1,46±0,10 A 1,47±0,12 A 1,59±0,21 A 1,48±0,18 A  

Day 6 

Abamectin 2,35±0,15 2,30±0,20 2,63±0,32 2,20±0,20 2,37±0,26 a 

Albendazole 2,40±0,10 2,32±0,16 2,55±0,13 2,37±0,29 2,41±0,18 a 

Levamisole 2,50±0,00 2,50±0,10 2,50±0,00 2,40±0,17 2,48±0,10 a 

Mean 2,42±0,11 A 2,37±0,17 A 2,56±0,18 A 2,32±0,22 A  

Day 7 

Abamectin 3,17±0,29 3,10±0,00 3,23±0,21 3,00±0,00 3,13±0,18 b 
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Albendazole 3,07±0,06 3,33±0,15 3,50±0,00 3,33±0,29 3,31±0,22 a 

Levamisole 3,27±0,21 3,50±0,00 3,23±0,06 3,13±0,23 3.28±0.19 ab 

Mean 3,17±0,20 A 3,31±0,19 A 3,32±0,17 A 3,16±0,24 A  

Means followed by the same uppercase letter in each row and lowercase letter in each column do 

not differ statistically by the Tukey test, at 5% probability. 

 

There was a significant effect of the interaction to determine the fungal growth of D. 

flagrans. The breakdown of this interaction for each day is shown in Table 2. On days 1 and 

2, there were no significant effects of the anthelmintics or their dilutions. On day 3, the dilutions 

were only statistically different for levamisole, for which DL4 allowed greater mycelial growth.  

On that day, for the dilutions DL2 and DL3, the use of albendazole caused greater fungal 

growth than the other drugs. On day 4, the same response was maintained in relation to the 

dilutions of each drug; however, it was possible to observe greater and similar fungal growth 

with the use of albendazole and abamectin for DL1, DL2 and DL3. Only in DL4, levamisole 

allowed greater fungal growth than abamectin. On day 5, the effect of the dilutions remained 

the same, with only levamisole having an effect and DL4 being the dilution with the greatest 

mycelial growth. In DL2, albendazole alone allowed the greatest fungal growth; while in DL4, 

the greatest growth was obtained with the use of levamisole. On day 6, the effect of dilutions 

continued to be significant only for levamisole, allowing greater growth with levels closer to 

LD4. At LD1, Levamisole caused greater restriction to fungal growth; however, at LD4, this 

drug caused the greatest growth alone. At the end of the evaluation period (day 7), the effect 

of the dilutions remained significant only for levamisole, with lower growths using DL1. At this 

dilution level, abamectin and albendazole allowed greater mycelial growths. For the other 

dilutions, the fungal growths did not differ statistically from each other regardless of the 

anthelmintic used.  

 

Table 2. Mean mycelial growth, in centimeters, for Duddingtonia flagrans (isolate 

AC001) under the effect of the anthelmintics: abamectin, levamisole and albendazole; 

for 7 days, at dilutions of 1 ppm (DL1) 10 ppm (DL2), 100 ppm (DL3), 1000 ppm (DL4) 

for albendazole and abamectin of 2, 23 ppm (DL1), 22.3 ppm (DL2), 223 ppm (DL3) and 

2230 ppm (DL4), in 2% potato dextrose agar culture medium. 

 

Anthelmintic DL1 DL2 DL3 DL4 Mean 

Day 1 
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Abamectin 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Albendazole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Levamisole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Mean 0,00±0,00 0,00±0,00 0,00±0,00 0,00±0,00  

Day 2 

Abamectin 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Albendazole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Levamisole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Mean 0,00±0,00 0,00±0,00 0,00±0,00 0,00±0,00  

Day 3 

Abamectin 0.27±0.06 Aa 0.33±0.12 Ab 0.53±0.06 Aab 0.43±0.12 Aa 0,39±0,13 

Albendazole 0.50±0.00 Aa 0.60±0.17 Aa 0.77±0.25 Aa 0.50±0.00 Aa 0,59±0,17 

Levamisole 0.30±0.00 Ba 0.20±0.00 Bb 0.33±0.15 Bb 0.67±0.15 Aa 0,38±0,21 

Mean 0,36±0,11 0,38±0,20 0,54±0,24 0,53±0,14  

Day 4 

Abamectin 0.68±0.08 Aab 0.67±0.12 Aab 0.87±0.13 Aab 0.67±0.03 Ab 0,72±0,12 

Albendazole 0.75±0.09 Aa 0.87±0.08 Aa 0.97±0.21 Aa 0.83±0.06 Aab 0,85±0,13 

Levamisole 0.50±0.00 Bb 0.60±0.00 Bb 0.67±0.08 Bb 1.02±0.18 Aa 0,70±0,22 

Mean 0,64±0,13 0,71±0,14 0,83±0,18 0,84±0,18  

Day 5 

Abamectin 1.27±0.15 Aa 1.32±0.16 Aab 1.40±0.10 Aa 1.22±0.10 Ab 1,30±0,13 

Albendazole 1.33±0.06 Aa 1.50±0.10 Aa 1.37±0.21 Aa 1.35±0.13 Aab 1,39±0,14 

Levamisole 1.20±0.26 Ba 1.07±0.06 Bb 1.23±0.15 Ba 1.60±0.20 Aa 1,28±0,26 

Mean 1,27±0,17 1,29±0,21 1,33±0,16 1,39±0,21  

Day 6 

Abamectin 1.87±0.23 Aa 1.90±0.10 Aa 1.95±0.09 Aa 1.72±0.10 Ab 1,86±0,15 

Albendazole 1.93±0.12 Aa 1.95±0.09 Aa 2.00±0.20 Aa 1.95±0.09 Aab 1,96±0,11 

Levamisole 1.37±0.32 Cb 1.62±0.13 BCa 1.83±0.18 Aba 2.17±0.15 Aa 1,75±0,35 

Mean 1,72±0,34 1,82±0,18 1,93±0,16 1,94±0,22  

Day 7 

Abamectin 2.47±0.15 Aa 2.50±0.10 Aa 2.60±0.20 Aa 2.40±0.10 Aa 2,49±0,14 

Albendazole 2.53±0.06 Aa 2.47±0.42 Aa 2.58±0.18 Aa 2.40±0.17 Aa 2,50±0,22 
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Levamisole 1.57±0.60 Bb 2.13±0.31 ABa 2.63±0.31 Aa 2.73±0.23 Aa 2,27±0,59 

Mean 2,19±0,56 2,37±0,32 2,61±0,20 2,51±0,23  

Means followed by the same uppercase letter in each row and lowercase letter in each column do 

not differ statistically by the Tukey test, at 5% probability. 

Table 3 shows the growth of the fungus P. chlamydosporia (isolate VC04), there 

was no significant effect of the interaction between drugs and dilutions, nor of the 

dilutions alone. The differences observed from day 3 onwards were determined only by 

the effect of the type of drug (Table 3). 

On days 1 and 2, there were no significant differences among means for any of 

the anthelmintics. On day 3, abamectin allowed greater mycelial growth, while levamisole 

caused more limitations over the growth. On days 4 and 5, the same behavior was 

observed, with greater mycelial growth being obtained with the use of abamectin, followed 

by levamisole. The lowest mycelial growth was observed with the use of albendazole. For 

days 6 and 7, abamectin allowed the greatest fungal growth, while the other anthelmintics 

did not differ from each other. 

 

Table 3. Mean mycelial growth, in centimeters, for Pochonia chlamydosporia (isolate 

VC04) under the effect of the anthelmintics: abamectin, levamisole and albendazole; for 

7 days, at dilutions of 1 ppm (DL1) 10 ppm (DL2), 100 ppm (DL3), 1000 ppm (DL4) for 

albendazole and abamectin of 2, 23 ppm (DL1), 22.3 ppm (DL2), 223 ppm (DL3) and 

2230 ppm (DL4), in 2% potato dextrose agar culture medium. 

Anthelmintic DL1 DL2 DL3 DL4 Mean 

Day 1 

Abamectin 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Albendazole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Levamisole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Mean 0,00±0,00 0,00±0,00 0,00±0,00 0,00±0,00  

Day 2 

Abamectin 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Albendazole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Levamisole 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0.00±0.00 Aa 0,00±0,00 

Mean 0,00±0,00 0,00±0,00 0,00±0,00 0,00±0,00  

Day 3 
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Abamectin 0,13±0,14 0,12±0,08 0,27±0,06 0,27±0,21 0,20±0,14 a 

Albendazole 0,17±0,06 0,08±0,03 0,13±0,08 0,15±0,09 0.13±0.07 ab 

Levamisole 0,13±0,14 0,08±0,03 0,08±0,03 0,05±0,00 0,09±0,07 b 

Mean 0,14±0,11 A 0,09±0,05 A 0,16±0,10 A 0,16±0,15 A  

Day 4 

Abamectin 0,33±0,14 0,42±0,14 0,30±0,00 0,48±0,28 0,38±0,16 a 

Albendazole 0,20±0,00 0,15±0,00 0,15±0,05 0,25±0,13 0,19±0,07 b 

Levamisole 0,23±0,08 0,33±0,21 0,40±0,26 0,10±0,00 0.27±0.19 ab 

Mean 0,26±0,10 A 0,30±0,17 A 0,28±0,17 A 0,28±0,23 A  

Day 5 

Abamectin 0,85±0,35 0,73±0,12 0,67±0,12 1,23±0,86 0,87±0,46 a 

Albendazole 0,45±0,09 0,43±0,06 0,50±0,00 0,47±0,15 0,46±0,08 b 

Levamisole 0,70±0,26 0,90±0,46 0,93±0,31 0,22±0,03 0.69±0.40 ab 

Mean 0,67±0,28 A 0,69±0,31 A 0,70±0,25 A 0,64±0,63 A  

Day 6 

Abamectin 1,03±0,40 1,27±0,46 2,17±1,26 1,37±0,78 1,46±0,82 a 

Albendazole 0,93±0,51 0,50±0,00 0,67±0,29 0,80±0,30 0,73±0,33 b 

Levamisole 0,87±0,12 1,27±0,31 1,22±0,20 0,22±0,03 0,89±0,47 b 

Mean 0,94±0,34 A 1,01±0,47 A 1,35±0,93 A 0,79±0,65 A  

Day 7 

Abamectin 1,60±0,78 1,77±0,90 2,50±1,50 1,93±0,86 1,95±0,96 a 

Albendazole 1,37±0,47 0,73±0,40 0,73±0,25 1,03±0,50 0,97±0,45 b 

Levamisole 1,23±0,15 1,50±0,26 1,83±1,04 0,22±0,03 1,20±0,78 b 

Mean 1,40±0,49 A 1,33±0,69 A 1,69±1,20 A 1,06±0,90 A  

Means followed by the same uppercase letter in each row and lowercase letter in each column do 

not differ statistically by the Tukey test, at 5% probability. 

 

Discussion 

 

The results presented for the exposure of the three nematophagous fungi analyzed in 

this study, A. musiformis, D. flagrans and P. chlamydosporia, considering dilutions with 

different concentrations of anthelmintics (abamectin, albendazole and levamisole), showed 

that all fungi only had mycelial growth past the second day. 
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It is important to emphasize that the mycelial growth is involved in the proliferation and 

survival of the fungi Dackman 1992. The aim of this study was to analyze possible interventions 

in fungal growth and development and, consequently, in their predation capacity. According to 

Persson and Jansson 1997, fungi have two phases: saprophytic and parasitic, and they have 

the ability to change due to environmental stimulus, being able to adapt and carry out the 

necessary activity defined for the situation, i.e. nourish and multiply or carry out captures and 

seizures. 

For the fungus Arthrobotrys musiformis, there was an increase in mycelial growth at all 

anthelmintic concentrations from the third day onwards, with some variations among 

concentrations for each period. The growth pattern varied according to the type of anthelmintic; 

however, there were not many significant differences in the averages observed by the dilutions 

of the anthelmintics in comparisons within the groups. This may suggest that the fungus A. 

musiformis was not directly affected by the tested concentrations of abamectin, albendazole 

and levamisole. It is possible that this fungus has some resistance to the growth interferences 

that the anthelmintics could cause at the dosages tested in this trial. 

The authors Wang et al 2021 tested fungi among the species of Arthrobotrys sp., and 

showed that from 10 drugs; including the anthelmintics fenbendazole, thiabendazole, 

ivermectin and levamisole, as well as the antifungals carbendazim, metalaxyl, difenoconazole 

pentachloronitrobenzene (PCNB), amphotericin B and ketoconazole; all had inhibitory effects 

on the fungi, except for levamisole and PCNB. Although the drugs are different, there are 

similarities between the pharmacological classes, and in this study, both albendazole and 

levamisole had an effect over the growth of A. musiformis. 

It is worth noting that the species used in this study (A. musiformis isolate I144) was not 

used by Wang et al 2021, using the species Arthrobotrys oligospora (isolate 447), Arthrobotrys 

superba (isolate 435) and Arthrobotrys sp. (isolate PS011), which indicates a possible variation 

among species or isolates of the fungi due to genetic factors.  

It is important to understand the efficiency of integrated actions, such as the use of 

nematophagous fungi, which have become increasingly important, and there is a need to 

understand the relationship between the available forms of verminosis control, such as 

anthelmintic drugs. The elimination of anthelmintic residues in animal feces is of great 

importance, since the fecal bolus is where the main action of nematophagous fungi takes place 

Vieira et al 2020. 

Albendazole is absorbed to a much greater extent than other benzimidazoles and is 

excreted in the urine over a period of nine days (28% within the first 24 hours). Albendazole is 

metabolized primarily into its sulfoxide and sulfone Nicholas et al 1992. As demonstrated by 
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Navrátilová et al 2023 carried out a study with albendazole (ABZ) and found two main metabolites 

of ABZ, ABZ-sulfoxide (active anthelmintic) and ABZ-sulfone (inactive), which persisted in the 

soil (up to 25 cm from the feces) and in plants for three months after the end of the experimental 

period. According to Spinosa, Górniak and Bernardi 2017, the formation of sulfoxide and 

sulfone can increase the anthelmintic activity of these compounds, and their characteristic 

insolubility in water and most organic solvents allow them to remain active for longer periods 

of exposure. This may be associated with the effect of this anthelmintic found in this study, which 

had significant effects on the fungi studied. Its characteristics of persistence, insolubility and 

elimination via urine make it especially important to understand its inhibitory effect over fungi. 

Abamectin, from the avermectin group, are lipophilic compounds that can be soluble in 

various organic solvents, and are mostly excreted, approximately 98%, in their original form 

through feces Spinosa, Górniak and Bernardi 2017. Junco et al 2021 described that the 

adverse effects of the concentrations at which macrocyclic lactones are eliminated in the feces 

of domestic animals show that the use of these compounds can have compromising effects on 

the different species that colonize the manure, thus causing disintegration and incorporation 

into the soil. 

Furthermore, it is necessary to understand the action of chemical controllers, such as 

levamisole, which belongs to the imidazothiazole group. This drug has an 

immunomodulatory action Purzyc and Calkosinki 1998 and is widely used as an anthelmintic, 

but also has anti-tumors and immunomodulatory effects in rheumatic diseases and 

hypersensitivity reactions Scott et al 1996. It has a plasma half-life of between 6-8 hours and 

90% of the dose is eliminated in the urine in up to 24 hours Spinosa, Górniak and Bernardi 

2017. Compared to the other drugs (albendazole and abamectin), this drug was the one that 

showed the least inhibitory action against certain fungi, which may be associated with its 

residence time and its greater solubility in water, losing its effect more quickly. 

The action of levamisole described by Braga et al 2007, in an in vivo study of 

experimental lesions of dermatophytosis caused by Microsporum canis in rabbits, which were 

histologically assessed, found that the use of levamisole numerically reduced the score of skin 

lesions on the animals.  

The drugs of the benzimidazole class, such as febendazole Oliveira et al 2020 and 

mebendazole Joffe et al 2017 were studied by the above authors as potential antifungals in 

the treatment of infections by the fungus Cryptococcus sp. The antifungal action was observed 

with a significant impact on the reduction of fungal structures and their proliferation rate Oliveira 

et al 2020; Truong et al 2018. Similar to what was found in the present study, with the action 

of albendazole (benzimidazole) against fungal growth. 
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No studies were found on the use of albendazole, although bases belonging to the same 

pharmacological class were found to be significant in affecting the growth of the fungus 

Cryptococcus sp., which demonstrates the relevance of this study in recognising the action of 

these drugs in influencing fungal growth. 

Overall, the results of this study are highly relevant, highlighting the importance of 

assessing the sensitivity of the growth and development of different fungal species in the 

presence of anthelmintics. 

The context of this study involved the relationship between the effects of anthelmintics 

on fungi. Furthermore, the effects of anthelmintics varied over time, suggesting that the 

response of fungi can change over time due to their high capacity for adaptation Persson and 

Jansson 1997. It is important to consider the varying factors when determining the impact of 

drugs on fungi. This observation may suggest that these drugs have an influence and 

compromise their use in synergism with anthelmintics in the control of helminthiasis at the level 

of fungal growth. 

The studies by Joffe et al 2017, Oliveira et al 2020 and Truong et al 2018 were aimed 

at the direct intervention of anthelmintics in the growth of fungi, in order to use them as 

Microsporum canis controllers. Furthermore, no in vivo studies were found with the macrocyclic 

lactones to which the abamectin analyzed in this study belongs, verifying its potential effect as 

an antifungal. In vitro studies such as that by Zegbi et al 2024 have been verified. 

Variation in the response of the fungi was noted in previous studies, such as Araújo, 

Santos and Ferraz 1993, Wang et al 2021 and Zegbi et al 2024, and in the present study over 

the seven days of evaluation and between the different concentrations of anthelmintics. This 

variation can be attributed to the different physiological and biological characteristics of fungi, 

which influence their sensitivity to chemical agents and their high capacity for adaptation. In 

addition, the activities of the drugs, their pharmacodynamics and pharmacokinetics, their 

formulation, pharmaceutical presentation and the execution of the test carried out. 

It is essential to analyze the effects observed and try to identify the combinations that 

have the greatest potential for efficacy in controlling helminthiases, in order to optimize the 

results in practice. It is worth emphasizing that low concentrations, such as DL1 (albendazole 

and abamectin 1 ppm and levamisole 2.23 ppm) and DL2 (albendazole and abamectin 10 ppm 

and levamisole 22.3 ppm), initially showed no effect, but with the passage of time and 

exposure, the components generated by the fungi and the in vitro microenvironment may make 

them more susceptible to the effects of anthelmintics at these concentrations. 

Rare were the studies found that analyzed the use of anthelmintics and their effect on 

the growth of nematophagous fungi. The studies by Araújo, Santos and Ferraz 1993, which 
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inspired the present study, analyzed the effect of anthelmintics on nematophagous fungi in 

specific dilutions and without checking positive controls and water. 

Vieira et al 2016, carried out a study of the susceptibility of fungi to anthelmintic drugs, 

however, they did not describe their results of the relationship between the use of anthelmintics 

and fungal growth, but rather the description of the methodology on the minimum inhibitory 

concentrations (MIC). 

In addition, Wang et al 2021, obtained similar responses for Duddingtonia flagrans and 

for the genus Arthrobotrys, different results were observed to those of the present study and 

Zegbi et al 2024 found that Duddingtonia flagrans under the effect of the anthelmintics 

ivermectin, albendazole and fenbendazole had inhibition of fungal growth, being similar in the 

drugs albendazole, which in both showed inhibition of mycelial growth of the fungi, as well as 

levamisole. 

To summarize, it was important to see that there was an interaction between 

nematophagous fungi and anthelmintics in all the studies, demonstrating that it is necessary 

to understand the complex events of this association, whether through synergism of action 

against the parasites, or the direct action of the drugs inhibiting the action of the fungi. 

Control methods for worms in cattle are complex and adaptable. Although they can be 

efficient, their effectiveness varies according to needs, strategies and adaptations. To obtain 

the best control effect, it is essential to adjust these strategies. 

According to this study, one suggested approach to the use of anthelmintics in 

combination with fungi would be strategic control. This involves using the controllers at specific 

times, in isolation – applying anthelmintics on one occasion and fungi on another – in order to 

minimize the deleterious effects of anthelmintics on the fungi. Finally, another possibility is 

selective control, already established for sheep Joffe et al 2017, which uses criteria (FAMACHA 

and fecal examination) to carry out control interventions in the best way for cattle. 

 

Conclusion 

 

The results of this study revealed a connection between anthelmintics and fungi growth, 

highlighting the complexity of the interactions between them. It was observed that the fungi A. 

musiformis suffered less influence of the drugs albendazole and levamisole; the fungi P. 

chlamydosporia suffered less influence of levamisole with concentrations between 100 ppm 

and 1000 ppm; and the fungi D. flagrans suffered less influence of the drug abamectin. 

These findings highlight the importance of considering these interactions when 

developing integrated parasite control programs for sustainable cattle farming. 
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6.  CONCLUSÕES GERAIS 

 

A integração revelou que os fungos nematófagos possuem um potencial 

significativo tanto como agentes complementares aos anti-helmínticos químicos 

quanto como métodos autônomos de controle biológico de parasitos, para reduzir 

significativamente as infecções parasitárias em bovinos. 

A compreensão das variáveis ambientais foi essencial para garantir e verificar 

que os fungos isolados ou em interação ambiental potencializaram a redução de 

larvas de Haemonchus sp. e Cooperia sp. na pastagem e a redução do OPG com o 

uso de Duddingtonia flagrans e Pochonia chlamydosporia, isoladamente e em 

associação, embora os fatores climáticos sejam determinantes e isso deve ser levado 

em conta, o uso de controle anti-helmíntico com os fungos, favorece a abordagem 

principalmente em protocolos estratégicos em épocas como abril, maio e julho, na 

qual demonstrou que D. flagrans e  P. chlamydosporia apresentaram ação e sua 

associação como controle pode ser benéfica.  Já a verificação em condições 

laboratoriais do crescimento fúngico em contato direto com anti-helmínticos 

amplamente utilizados na rotina de controle da bovinocultura, reforçou ainda mais a 

eficiência dos fungos nematófagos, mostrando que esses organismos são capazes de 

atuar em sinergismo sem sofrer alterações de crescimento sob influência dos anti-

helmínticos, os fungos Arthrobotrys musiformis e P. chlamydosporia sofreram menor 

influência em seu crescimento in vitro sob ação dos fármacos, diferentemente de D. 

flagrans que apresentou maior efeito de inibição em seu crescimento. Os achados 

sugerem que a integração de fungos nematófagos em estratégias de controle de 

helmintos pode representar um grande avanço para controle de helmintoses, 

promovendo uma abordagem mais sustentável e eficiente. A combinação de métodos 

biológicos e químicos, com os efeitos significativos nas infecções parasitárias em 

animais observados pelos fungos e que é possível realizar e utilizar em sinergismo 

com os anti-helmínticos, pelo crescimento não ser interrompido com a sua presença, 

respaldada por um entendimento robusto dos mecanismos de ação e sinergias, pode 

ser a chave para um controle mais eficaz e duradouro.  
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