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Abstract

The objective of the present work was to evaluate the efficiency of Bioverm® fungal formulation (Duddingtonia flagrans—
ACO001) in controlling Haemonchus contortus and Strongyloides papillosus in sheep. In vitro predation tests were carried
out in Petri dishes containing agar culture medium 2%. Four experimental groups were formed, with five replicates each:
Group 1: 1 g of Bioverm® and 1000 third-stage larvae (L) of H. contortus; Group 2: 1000 L of H. contortus; Group 3: 1 g
of Bioverm® and 1000 L; of S. papillosus; and Group 4: 1000 L; of S. papillosus. In the in vivo tests, twelve 11-month-old
sheep males positive for H. contortus were used. The animals were sorted in two groups (treatment and control), based on
fecal egg counts (eggs per gram, EPG). Each group comprised six animals: treatment group—each animal received orally
100 g of Bioverm®; and control group—each animal received orally 100 g of rice. Subsequently, feces from these animals
were collected at 12, 24, 36, 48, 60, 72, 84, and 96 h after Bioverm® administration. In vitro results demonstrate that D. fla-
grans kept its predatory activity with 91.5% of mean reduction percentage of L. After the passage test, Bioverm® presented
efficacy already after 12 h of its administration and kept similar results for 60 h. Bioverm® fungal formulation (D. flagrans—
ACO001) was efficient in reducing the population of H. contortus and S. papillosus under laboratory conditions in sheep feces.
However, further studies are needed under natural conditions of ruminant grazing to prove the efficiency of this product.
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Introduction

The biological control of nematodes, gastrointestinal para-
sites of animals, using nematophagous fungi has been shown
to be a safe and feasible alternative in different parts of the
world (Larsen et al. 1991; Araujo et al. 1993, 1994; Araujo
and Salcedo 1995; Nansen et al. 1995; Mendoza-De Gives
and Vazquez-Prats 1994; Mendoza-de Gives et al. 2018;
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Waller et al. 2001; Faedo et al. 2002; Fontenot et al. 2003;
Chandrawathani et al. 2004; Braga et al. 2009, 2013; Silva
et al. 2009; Luns et al. 2018; Vilela et al. 2018). These fungi
act specifically on the fecal environment, where they are
efficient in the decrease and in the recurrence of helminthic
infections.

Literature shows that, among all nematophagous fungi
isolates, the Duddingtonia flagrans species was the most
evaluated and most efficient in the control of ruminants’
nematodes (Mendoza-De Gives and Vazquez-Prats 1994;
Silva et al. 2010; Fernandes et al. 2017; Sobral et al. 2019).
The first studies in Brazil started at 1980 with the utiliza-
tion of the isolate AC001 of D. flagrans, provided in the
feed through sodium alginate pellets containing conidia and
chlamydospores (Dias et al. 2007; Assis et al. 2013). The
in vitro and in vivo experiments settled the scientific basis
to the technological development of a commercial product.

Recently, in 2019, the AC001 isolate was used in Bio-
verm® production, permitted by the Ministry of Agricul-
ture, Livestock and Supply under licensing number n°
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SP-10.261/2019. Bioverm® is indicated for prevention of
helminthic gastrointestinal parasites in goat, sheep, and cat-
tle. It is easy to administer and presents oral stability through
salt or other food of animal consumption.

The present study aimed to evaluate first time the effi-
cacy of the Bioverm®, in the control of sheep gastrointestinal
parasitism.

Materials and methods
Product

The tested product was Bioverm® (Ghenvet Animal Health,
Paulinia, SP, Brazil), containing 10° chlamydospores per
gram of commercial product, as carrier of the D. flagrans
(ACO001) sample. The product is a solid thin powder that is
sold in hermetically sealed, crystal-colored polypropylene
bags.

Larvae

Third-stage infective larvae (L;) of Haemonchus contortus
and Strongyloides papillosus were obtained from fecal cul-
ture of naturally infected sheep (Guimardes 1971). Larvae
have been recovered from fecal culture and quantified (Rob-
erts and O’Sullivan 1950).

In vitro predation test

In vitro predation tests were carried out in 6-cm-diameter
Petri dishes containing agar culture medium 2%. Four
experimental groups were formed, with five replicates for
each of them: Group 1: 1 g of Bioverm® and 1000 L, of H.
contortus; Group 2: 1000 L of H. contortus; Group 3: 1 g of
Bioverm® and 1000 L; of S. papillosus; and Group 4: 1000
L; of S. papillosus.

The plates were kept on a Biochemical Oxygen Demand
(BOD) incubator in the absence of light for 7 days at 25 °C.
The plates were retrieved daily from the BOD incubator
to evaluate whether or not there was formation of traps or
destruction of the L; by the fungi. After this period, the lar-
vae were recovered by Baermann funnel technique and was
counted (Staniland 1954; Braga et al. 2011).

In vivo passage test

Twelve sheep with 11 months from Saanen breed naturally
infected by H. contortus were used. These animals are origi-
nally from the Federal University of Vicosa, Minas Gerais,
Brazil (UFV) and were kept in cement bays at the UFV Vet-
erinary Department during the experimental period, fed with
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chopped elephant grass (Pennisetum purpureum), Tifton hay
(Cynodon dactylon) and water ad libitum.

The animals were randomly sorted into two groups
(treated and control) based on the quantity of egg found per
gram of feces (EPG). Each group was composed of six ani-
mals: treated group—each animal received orally 100 g of
Bioverm® through the feed; and control group—each animal
received orally 100 g of type “1” rice autoclaved at 121 °C
for 15 min (Araujo et al. 2007; Campos et al. 2008).

Then, animals of each experimental group had fecal sam-
ples collected with the aid of collection bags at 12, 24, 36,
48, 60, 72, 84 and 96 h after feeding. The fecal samples were
homogenized and a 20 g sample from each animal was des-
tined to vermiculite fecal cultures at 26 °C carried out in a
BOD type incubator in the dark. After 10 days of incubation,
L; recovery was performed by Baermann’s method accord-
ing to the description of Silva et al. (2010).

To determine the animals’ EPG (Gordon and Whitlock,
1939) during the experimental period, three fecal samples
were collected daily (at 8:00 a.m., 2:00 p.m. and 6:00 p.m.)
directly from the animals’ rectum following the protocol of
Campos et al. (2008).

To discard fungal presence in animals’ feces before the
experiment and to assess the presence of D. flagrans from
Bioverm® after treatment administration, fecal samples were
collected in plastic bags directly from the animals’ rectum
3 h before and 12, 24, 36, 48, 60, 72, 84, and 96 h after Bio-
verm® administration for the treatment group, and the auto-
claved rice for the control group. Fecal samples of 2 g were
macerated with a glass rod and spread on 9-cm-diameter
Petri dishes containing agar culture medium 2%, 5 repli-
cates for each collection period. Subsequently, 3000 larvae
of H. contortus were poured to stimulate fungal growth and
trap development. These plates were sealed with Parafilm
(SIGMA), incubated at 25 °C and inspected daily for 14 days
on a microscope to look for traps, conidia and chlamydo-
spores typical of D. flagrans, and also preyed nematodes.

Statistical analysis

In vitro fungal predation rate for each nematode species was
computed using the following formula: reduction % = (mean
number of larvae retrieved from control group—mean num-
ber of larvae retrieved from treatment group/mean number
of larvae retrieved from control group) * 100.

In the in vivo passage test, based on EPG means and
number of larvae obtained in the fecal cultures, the larval
development percentage was determined (1d %) for each
collection period by applying the following equation: 1d
% = (larvae number by gram of feces retrieved in fecal cul-
tures/number of eggs by gram of feces used for the fecal
cultures) * 100.
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The larval development reduction percentage (Idr %) for
the treatment group was computed applying the following
equation: 1dr % = (mean percentage of larval development
in control group—mean percentage of larval development
in treatment group/mean percentage of larval development
in control group) * 100.

Data regarding the larval development percentage were
transformed (logX + 1), submitted to analysis of variance,
and the mean values were compared by Turkey test at the
significance level of 0.05 (Ayres et al. 2003).

Results and discussion

In the in vitro predation test, predation structures like tri-
dimensional adhesive nets and L, predation were observed
24 h after the addition of nematodes to the plates. Table 1
shows the mean number of L; of H. contortus and S. papil-
losus retrieved after 7 days of interaction in treatment and
control groups. D. flagrans contained in Bioverm® presented
activity upon H. contortus and S. papillosus larvae, with
greater predatory activity upon S. papillosus.

These results agree with those of other studies that used
the fungus D. flagrans grown in agar culture medium or
solution containing conidia/chlamydospores (Dias et al.
2007; Braga et al. 2013). In such studies, the authors used
the isolate AC001 in multiplying laboratory conditions. We
herein demonstrate that the fungus D. flagrans from the
commercial product Bioverm® kept its predatory activity
with an average decrease percentage of 91.5% on the L.

Araujo et al. (2007) highlighted that the conditions pre-
sent in ruminants’ digestive tract could destroy and/or impair
the passage of fungal isolates through it, reason why many
researchers have been searching for an ideal period for the
administration of the fungus via feeding (Vilela et al. 2018).
Most of them suggest that the dosage of D. flagrans (AC001)
twice a week would be ideal for the control of recurrent
infections by gastrointestinal nematode parasites.

Table1 Mean number of Haemonchus contortus and Strongyloides
papillosus infecting larvae (L;) recovered by the Baermann method
on the plates of the group treated with Bioverm®, containing 10° chla-
mydospores of Duddingtonia flagrans per gram, and control group
without fungal supplementation, after 7 days of interaction

Mean recovered  Reduction %
L; from the
plates

Experimental groups

Control with L; from S. papillosus 860.66 + 101.99*
802.66 + 131.99°
6.66 + 2.03°

124 +20.99°

Control with L; from H. contortus
99.33
84.55

Bioverm® + L, from S. papillosus

Bioverm® +L, from H. contortus

Different letters are statistically different (p <0.05)

The literature is rich in studies showing D. flagrans
(ACO001) viability after its passage through the digestive
tract of ruminants, being recovered in feces, germinated in
laboratory, and still viable maintaining its predation (Assis
and Araujo 2003; Dias et al. 2007; Campos et al. 2008).
D. flagrans from Bioverm® presented efficacy upon passage
through the animals’ digestive tract already after 12 h of
its administration, germinating and maintaining its viabil-
ity in all plates from the treatment group up to 60 h after
administration. Fungal recovery dropped only after 72 h of
Bioverm® administration to the treatment group. However,
recovery was observed until the maximum tested period,
i.e., 96 h (Table 2).

Table 3 illustrates that the larval development of H. con-
tortus on the fecal culture tests from the animals treated with
Bioverm® was inferior to the control group values. What it
suggested is that, at natural conditions, there will possibly
be a reduced development of the L; and, consequently, less
recurrence of infections. This development was compro-
mised as the eggs were neither viable nor presented normal
development. These observations meet those of Morgan-
Jones et al. (1983), who mentioned that nematophagous
predatory fungi could impair egg development. Support-
ing this premise, Braga et al. (2008) demonstrated that the
ACO001 isolate of D. flagrans displayed predatory effect over
eggs of the helminth Fasciola hepatica.

Mota et al. (2003) state that one of the major challenges
in implementing nematophagous fungi in biological control
programs would be the development of economically via-
ble and easily applicable fungal formulations. In this sense,
the present study brought evidence to light that Bioverm®
(D. flagrans) was efficient in reducing the population of H.
contortus and S. papillosus in sheep feces. Nevertheless,

Table 2 Duddingtonia flagrans occurrence before and after Bioverm®

administration to sheep of the Saanen breed (100 g per animal), and
control group without fungi supplementation, on the 5 plates contain-
ing feces from the respective collection period

Collection time Experimental groups

Control Treatment
3hBB 0 === ==
12hAB === +++++
24hAB - ———= +++++
30hAB === ++++
36hAB - +++++
48hAB === +++++
60hAB - +++++
72hAB === +++--
84 hAB 0 ——=—= ++4+--
9%hAB 0 === +4+—-—-

BB—before the beginning; AB—after the beginning; (—) non-occur-
rence of fungus and (+) occurrence of fungus

Piedlae clodl ayao .
KACST ,161)lg rogLe Ll @ Springer



62 Page4of>5

3 Biotech (2020) 10:62

Table3 Means percentage of larval development of Haemonchus
contortus in fecal culture tests after 10 days, and feces collection at
12, 24, 36, 48, 60, 72, 84, and 96 h after treatment with Bioverm® and
control

Collection time Experimental groups

Control Treatment
12h 2.40 Aa 0.69 Bb
24 h 4.65 Aa 0.60 Bb
36 h 3.64 Aa 0.57 Bb
48 h 4.35 Aa 1.57 Bb
60 h 342 Aa 1.30 Bb
72h 3.08 Aa 1.80 Bb
84 h 2.07 Aa 1.50 Bb
96 h 3.09 Aa 2.03 Bb
1d % 3.338% 1.257%
1dr % 0.624%

1d %—mean percentage of larval development; 1dr %—percentage of
larval development reduction

Means followed by the same uppercase letters within a column and
lowercase letters in the same row do not differ (p <0.05)

further studies should be performed with these ruminants
to prove the efficiency of this product under natural grazing
conditions.

Authors’ contributions Conceived and designed the experiments: FRB
and JVA. Performed the experiments: FRB, CMF, ENP, and JVA. Ana-
lysed the data: FRB, ENS, and JVA. Contributed reagents/materials/
analysis tools: FRB and JVA. Wrote the paper: FRB, CMF, ENP, and
JVA. All authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical statements The research developed in this work has been car-
ried out following recommendations of Ethics Commission on the Use
of Animals from Universidade Federal de Vigosa, Brazil.

References

Araujo JV, Salcedo JHP (1995) Initial interaction between Haemonchus
placei infective larvae and different Arthrobotrys isolates. Arq
Bras Med Vet 47:733-738

Araujo JV, Santos MA, Ferraz S, Maia AS (1993) Antagonistic effect
of predacious fungi Arthrobotrys on infective Haemonchus placei
larvae. J Helminthol 67:136-138

Araujo JV, Santos MA, Ferraz S, Maia AS (1994) Biological control
in vitro of infective Haemonchus placei larvae by predacious fungi
Arthrobotrys musiformis. Arq Bras Med Vet Zootec 46:197-204

Araujo JV, Rodrigues MLA, Silva WW, Vieira LS (2007) Controle
biolégico de nematdides gastrintestinais de caprinos em clima
semi-arido pelo fungo Monacrosporium thaumasium. Pesq Agro-
pec Bras 42:1177-1181

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

Assis RCL, Araujo JV (2003) Avaliacdo da viabilidade de duas espé-
cies de fungos predadores do género Monacrosporium sobre cia-
tostomineos apds a passagem pelo trato gastrintestinal de equi-
nos em formulagdo de alginato de sédio. Rev Bras Parasitol Vet
12:109-113

Assis RCL, Luns FD, Aratjo JV, Braga FB, Assis RL, Marcelino JL
et al (2013) Comparison between the action of nematode preda-
tory fungi Duddingtonia flagrans and Monacrosporium thauma-
sium in the biological control of bovine gastrointestinal nemato-
diasis in tropical southeastern Brazil. Vet Parasitol 193:1-3

Ayres M, Ayres JR, Ayres DL, Santos AS (2003). BioEstat 3.0: apli-
cagoes estatisticas nas dreas das ciéncias biologicas e médicas.
Belém: Sociedade Civil Mamirau4; Brasilia, D.F.: CNPq

Braga FR, Aratjo JV, Campos AK, Aradjo JM, Carvalho RO, Silva AR
et al (2008) In vitro evaluation of the action of the nematopha-
gous fungi Duddingtonia flagrans, Monacrosporium sinense and
Pochonia chlamydosporia on Fasciola hepatica eggs. World J
Microb Biotechnol 24:1559-1564

Braga FR, Aratjo JV, Silva AR, Araujo JM, Carvalho RO, Tavela AO
et al (2009) Biological control of horse cyathostomin (Nematoda:
Cyathostominae) using the nematophagous fungus Duddingtonia
flagrans in tropical southeastern Brazil. Vet Parasitol 163:335-340

Braga FR, Aratijo JV, Soares FEF, Araujo JM, Ferreira SR, Frassy LN
et al (2011) Production and partial characterization of Dudding-
tonia flagrans (AC001) crude extract and its in vitro larvicidal
action against trichostrongylid infective larvae. Biocontrol Sci
Technol 21:1313-1320

Braga FR, Araujo JM, Aratjo JV, Soares FEF, Tavela AO, Frassy LN
et al (2013) In vitro predatory activity of conidia of fungal isolates
of the Duddingtonia flagrans on Angiostrongylus vasorum first-
stage larvae. Rev Soc Bras Med Trop 46:108-110

Campos AK, Aratjo JV, Guimaries MP (2008) Interaction between the
nematophagous fungus Duddingtonia flagrans and infective lar-
vae of Haemonchus contortus (Nematoda: Trichostrongyloidea).
J Helminthol 82:337-341

Chandrawathani P, Jamnah O, Adnan M, Waller PJ, Larsen M, Gille-
spie AT (2004) Fields studies on the biological control the nema-
todes parasites of sheep in the topics, using microfungus Dud-
dingtonia flagrans. Vet Parasitol 120:177-187

Dias AS, Aratdjo JV, Campos AK, Braga FR, Fonseca TA (2007)
Relagdo entre larvas recuperadas da pastagem e contagem de
ovos por grama de fezes (OPG) de nematdides gastrintestinais
de bovinos na microrregido de Vigosa, Minas Gerais. Rev Bras
Parasitol Vet 16:33-36

Faedo M, Larsen M, Dimander SO, Yeates GW, Hoglund J, Waller PJ
(2002) Growth of the fungus Duddingtonia flagrans in soil sur-
rounding faeces deposited by cattle or sheep fed the fungus as a
means of controlling the free-living stages of nematode parasites.
Biol Control 23(1):64-70

Fernandes FM, Aguiar AR, Silva LPC, Senna T, Mello IKK, Oliveira
T et al (2017) Biological control on gastrointestinal nematodes in
cattle with association of nematophagous fungi. Biocontrol Sci
Technol 27:1445-1453

Fontenot ME, Miller JE, Pena MT, Larsen M, Gillespie A (2003) Effi-
ciency of feeding Duddingtonia flagrans chlamydospores to graz-
ingewes on reducing availability of parasitic nematode larvae on
pasture. Vet Parasitol 118:203-213

Gordon HL, Whitlock HV (1939) A new technique for counting nema-
tode eggs in sheep faeces. J Council Sci Ind Res 12(1):50-52

Guimaraes MP (1971) Variacdo sazonal de larvas infectantes de
nematdides parasitos de bovinos em pastagens do cerrado de
Sete Lagoas, Minas Gerais. Belo Horizonte, Instituto de Ciéncias
Biologicas, (Tese de Mestrado, Universidade Federal de Minas
Gerais)

Larsen M, Wolstrup J, Henriksen SA, Dackman C, Grgnvold J, Nansen
P (1991) In vitro stress selection of nematophagous fungi for



3 Biotech (2020) 10:62

Page50of5 62

biocontrol of parasitic nematodes in ruminants. J] Helminthol
65:93-200

Luns FD, Assis RCL, Silva LPC, Ferraz CM, Braga FR, Aratjo JV
(2018) Coadministration of nematophagous fungi for biological
control over nematodes in bovine in the south-eastern Brazil.
Biomed Res Int 2018:1-6

Mendoza-De Gives P, Vazquez-Prats VM (1994) Reduction of Hae-
monchus contortus infective larvae by three nematophagous fungi
in sheep faecal cultures. Vet Parasitol 5(3):197-203

Mendoza-de Gives P, Lopez-Arellano ME, Aguilar-Marcelino L, Ola-
zaran-Jenkins S, Reyes-Guerrero D, Ramirez-Vargas G, Vega-
Murillo VE (2018) The nematophagous fungus Duddingtonia
flagrans reduces the gastrointestinal parasitic nematode larvae
population in faeces of orally treated calves maintained under
tropical conditions—dose/response assessment. Vet Parasitol
15:66-72

Morgan-Jones G, White JF, Rodriguez-Kéabana R (1983) Phytonema-
tode pathology: ultrastuctural studies. parasitism of Meloidogyne
arenaria eggs by Verticillium chlamydosporium. Nematropica
13:245-260

Mota M, Campos AK, Araujo JV (2003) Controle bioldgico de hel-
mintos parasitos de animais: estigio atual e perspectivas futuras.
Pesq Vet Bras 23:93-100

Nansen P, Larsen M, Grgnvold J, Wolstrup J, Zorn A, Henriksen SA
(1995) Prevention of clinical trichostrongylidosis in calves by stra-
tegic feeding with the predacious fungus Duddingtonia flagrans.
Parasitol Res 81:371-374

Roberts FHS, O’Sullivan JP (1950) Method for egg counts and larval
cultures for stongyles infesting the gastrointestinal tract of cattle.
Aust Agric Res 1:99-102

Silva AR, Aratjo JV, Braga FR, Carvalho RO, Tavela AO, Frassy LN
et al (2009) Biological control of sheep gastrointestinal nemato-
diosis in a tropical region of the southeast of Brazil with the nema-
tode predatory fungi Duddingtonia flagrans and Monacrosporium
thaumasium. Parasitol Res 105:1707-1713

Silva AR, Aratijo JV, Braga FR, Alves CDF, Frassy LN (2010) Activity
in vitro of fungal conidia of Duddingtonia flagrans and Mona-
crosporium thaumasium on Haemonchus contortus infective lar-
vae. J Helminthol 21:1-4

Sobral SA, Ferreira BS, Senna CC, Ferraz CM, Moreira TF, Junior
OFL (2019) Rhabditis spp., in the Espirito Santo, State of Bra-
zil and evaluation of biological control. Rev Bras Parasitol Vet
28:333-337

Staniland LN (1954) A modification of the Baermann funnel technique
for the collection of nematodes from plant material. J] Helminthol
28:115

Vilela VLR, Feitosa TF, Braga FR, Vieira VD, Lucena SC, Aratijo JV
(2018) Control of sheep gastrointestinal nematodes using the com-
bination of Duddingtonia flagrans and Levamisole Hydrochloride
5%. Rev Bras Parasitol Vet 27:23-31

Waller PJ, Faedo M, Ellis K (2001) The potential of nematophagous
fungi to control the free-living stages of nematode parasites of
sheep: towards the development of a fungal controlled release
device. Vet Parasitol 102:299-308

pisllase ol ay .
e e O) Springer



	Efficiency of the Bioverm® (Duddingtonia flagrans) fungal formulation to control in vivo and in vitro of Haemonchus contortus and Strongyloides papillosus in sheep
	Abstract
	Introduction
	Materials and methods
	Product
	Larvae
	In vitro predation test
	In vivo passage test
	Statistical analysis

	Results and discussion
	References




