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ABSTRACT

Objective. The objective of this study was to evaluate the in vitro association of the fungus
Duddingtonia flagrans (AC001) and ivermectin in the control of gastrointestinal nematodes of
buffalo calves. Materials and Methods. Four experimental groups were formed in microtubes, with
five replicates for each group: G1 (nematodes + AC001), G2 (nematodes + ivermectin 1%), G3
(nematodes + AC001 + ivermectin 1%) and G4 (nematodes + distilled water). For each group, after
36 hours of interaction, the content of the microtubes was read by optical microscopy, accounting
for the number of nematodes per group. Results. There was a significant larval reduction of the
treated groups, with the following percentages in relation to G4 (control): G1: 43.7%; G2: 82.3%
and G3: 65.7%. It was also observed that the in vitro association of D. flagrans with ivermectin was
more effective in reducing L3 when compared to the isolated use of this fungus. Conclusions. It was
concluded that the joint use of D. flagrans with ivermectin can potentiate the efficacy of biological
control of gastrointestinal nematodes of buffalo calves, envisioning its use under natural conditions
of buffalo breeding.

Keywords: Buffalo breeding; biological control; nematophagous fungi (Source: CAB).

RESUMEN

Objetivo. El objetivo de este estudio fue evaluar la asociacion in vitro del hongo Duddingtonia
flagrans (AC001) e ivermectina en el control de nematodos gastrointestinales de terneros bufalo.
Materiales y métodos. Se formaron cuatro grupos experimentales en microtubos, con cinco réplicas
para cada grupo: G1 (nematodos + AC001), G2 (nematodos + ivermectina 1%), G3 (nematodos +
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ACO001 + ivermectina 1%) y G4 (nematodos + agua destilada). Para cada grupo, después de 36 horas
de interaccion, se leyd el contenido de los microtubos mediante microscopia éptica, contabilizando
el nimero de nematodos por grupo. Resultados. Hubo una reduccién larvaria significativa de los
grupos tratados, con los siguientes porcentajes en relacién al G4 (control): G1: 43,7%; G2: 82,3%
y G3: 65,7%. También se observo que la asociacion in vitro de D. flagrans con ivermectina fue mas
efectiva en la reduccion de L3 en comparacion con el uso aislado de este hongo. Conclusiones. Se
concluyd que el uso conjunto de D. flagrans con ivermectina puede potenciar la eficacia del control
bioldgico de los nematodos gastrointestinales de los bufalos, previendo su uso en las condiciones

naturales de la cria de bufalos.

Palabras clave: Cria de bufalos; control biolégico; hongos nematéfagos (Fuente: CAB).

INTRODUCTION

Water buffaloes (Bubalus bubalis) are important for
livestock in several countries, mainly in tropical and
subtropical regions (1,2). In Brazil, the breeding of
these animals has been strongly boosted, due to
their triple aptitude for the production of meat, milk
and traction, in addition to their easy adaptation
to inhospitable environments, mainly wetlands or
swampy areas (3).

Despite being considered animal resistant to
the emergence of diseases common to cattle,
buffaloes can be affected by infectious and
parasitic diseases, with buffalo calves being more
susceptible to helminthiasis (4,5). Changes in
management and confinement with high stocking
rate have led to an increase in parasitic diseases
into the herds (6).

Faced with the problem of increasing resistance
to anthelmintic drugs, alternatives of parasitic
control have shown promising results, and the
use of the fungus Duddingtonia flagrans has been
highlighted in biological control in ruminants
(7,8,9). On the other hand, the combined use
of biological control with chemical control can
be a future viable tool for ruminant health in
general, reducing resistance to anthelmintics,
management costs, toxicity, in addition to
reducing chemical residues in meat, milk and
the environment (10).

In this sense, Ferraz et al (11) proved that the
use of chemical compounds was compatible
with conidia of D. flagrans, and can be used
in the future jointly in the control of Rhabditis
spp., hematode causing parasitic otitis in cattle.
However, studies on the integrated control of
gastrointestinal nematodes of buffaloes are
scarce. Thus, the aim of this study was to
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evaluate the in vitro association of the fungus
D. flagrans and ivermectin in the control of
gastrointestinal nematodes of buffalo calves.

MATERIAL AND METHODS

Fungus. We used the isolate of the nematophagus
fungus Duddingtonia flagrans (AC001) to obtain
the solution of conidia/clamydospores. This
fungus was found in Brazilian soil and was
maintained in the Parasitology Laboratory of
the Federal University of Vicosa, Vigosa, Brazil.
The isolate was distributed in Petri dishes of 9
cm in diameter containing potato-dextrose-agar
culture medium 2% (PDA2%). Mycelial growth
throughout the plaque was observed after 7
days of cultivation. To obtain a conidia solution,
5 ml of distilled water was added to each Petri
dish and with the aid of a spatula the conidia
and mycelial fragments were poured into 15 ml
Falcon tubes (12).

Larvae (L;). To obtain infectious larvae (L;),
stool samples were collected directly from the
rectal ampoule of 114 buffalo calves belonging
to a property located in southeastern Brazil, 19°
23'28"S and 40° 04’ 20". Altogether 40 samples
were used and, of these about 4 g of feces were
used to perform egg count per gram of feces
(EPG), following the methodology of Gordon
and Whitlock (13). It was obtained an average
of 500 eggs/g in the OPG test. We performed
co-cultures with all positive samples, which were
then stored in a Biochemical Oxygen Demand
(BOD) incubator at 28 °© C for 7 days (14). After
this period, the larvae were recovered using
the technique of Baermann (15), and identified
according to the criteria mentioned by Keith
(16), as Haemonchus spp., (65%), Cooperia
spp. (15%), Trichostrongylus spp., (12%) and
Oesophagostomum sp., (8%).

2/6


https://doi.org/10.21897/rmvz.2398

Queiroz et al - Duddingtonia flagrans with ivermectin in buffalos nematodes

In vitro assay. Four experimental groups
were formed (Table 1). Each group had five
replicates and each replicate was performed in
a 1.5 ml plastic microtubes with nhematodes and
the respective treatment. The values of L; and
conidia used in the groups were standardized
using aliquots, maintaining concentrations of
approximately 100 nematodes / 143 pl, 100
conidia / 30 pl of AC0O01. the content of the
microtubes in each group was read 36 hours after
the interaction of the nematodes versus AC001
or ivermectin 1% or AC001 associated with
ivermectin 1%, and the number of nematodes
was counted, by means of optical microscopy,
10x objective, following the methodology of
Ferraz et al (11).

Table 1. Experimental groups (G1 to G4) used
to evaluate ivermectin 1% associated
or not with the nematophagous fungus
Duddingtonia flagrans (AC001), in the
control of gastrointestinal nematodes of
buffalo calves.

Experimental Experimental Design

Groups
100 nematodes/143 pl + 100 conidia/30
G1
ul of D. flagrans
G2 100 nematodes /143 ul + 8yl of
ivermectin 1%
G3 100 nematodes/143 pl + 500 conidia/30
pl of D. flagrans + 8ul de ivermectin 1%
G4 100 nematodes /143 ul + 100pl of

distilled water

Statistical analysis. The results were subjected
to Shapiro-Wilk normality test. All samples
showed normal distribution and were subjected
to analysis of variance (One-Way ANOVA)
followed by Tukey test at 1% probability using
BioEstat 5.0 software (17). The percentage of
reduction was calculated using the following
equation proposed by Mendoza-De Gives and
Vasquez-Prates (18):

Reduction (%) = ( Promedio de L3 recuperados
de CN - Promedio de L3 recuperados de TG)/
(Promedio de L3 recuperados de CN) x 100

CN - control group; TG - treatment group.
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RESULTS

The percentage of reductions of infective larvae
are shown in Table 2. The treatment with D.
flagrans conidia (G1) reduced in 43.7% of
the nematodes recovered after 36 hours of
interaction. In the G2 group (ivermectin 1%)
the reduction was of 82.3% and in the G3
group (ivermectin 1% + AC001), the treatment
reduced the number of nematodes by 65.7%,
being higher than the activity of AC001 alone.
In the negative control group (G4) there was no
larval reduction.

Table 2. Means and percentages of reduction of
infective larvae of gastrointestinal nematodes
of buffalo calves exposed to ivermectin 1%
associated or not with the nematophagous
fungus Duddingtonia flagrans (AC001).

Recovered L3

(Strongylides)

Experimental Groups

Mean Reduction
(%)
G1 - AC001 51.6° + 12.6 43.7
G2 - Ivermectin 1% 16.2b + 8.0 82.3
G3 - AC001 + Ivermectin 1% 31.4b+ 6.1 65.7
G4 - Distilled water 91.62 £ 4.5 -

Values followed by different letters are statistically different
(p <0.01) according to Tukey'’s test at 1% probability.

DISCUSSION

Studies evaluating the activity of nematophagous
fungi in the control of buffalo nematodes are
scarce. Ojeda-Robertos et al (19) demonstrated
in vitro predatory activity of these fungi against
H. contortus infective larvae. On the other
hand, no one study mentioning the association
between nematophagous fungus and chemical
anthelmintics on L, of buffalo parasitic nematodes
has been carried so far.

In the present study, D. flagrans (AC001) used
alone demonstrated efficacy in the predation of
gastrointestinal nematodes of buffalo calves,
with a reduction of 43.7% of the nematodes
recovered after 36 hours of interaction. Barroga
et al (20) demonstrated in vitro efficacy by
the action of this fungus, after 48 hours of
interaction, reducing 84.39% of buffalo larvae.
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In the group treated only with 1% ivermectin
(G2), there was an 82.3% reduction in recovered
nematodes. It was observed that the treatment
with this chemical compound was more effective
when compared to the combined use with D.
flagrans and the use of this fungus alone. Similar
results were demonstrated by Ferraz et al (11),
who observed greater efficacy in reducing
Rhabditis spp. with the isolated use of ivermectin
1% than the combination with this fungus.

The association of AC001 + ivermectin 1%
(G3) demonstrated a reduction of 65.7%
of nematodes. This combination was more
efficient when compared to the isolated use of
D. flagrans. Such results revealed that there
was no antagonistic effect of ivermectin on the
predation ability of larvae by the fungus. This
finding is compatible with the study by Ferraz
et al (11), who demonstrated that ivermectin
1% and dimethyl sulfoxide 1% associated with
this fungus did not reduce the predation on
Rhabditis spp.

Vilela et al. (21) observed the efficacy of D.
flagrans pelleted in sodium alginate matrix
in association with Levamisole Hydrochloride
5% on gastrointestinal nematodes of sheep.
However, studies have showninhibitory action
of anthelmintic compounds on D. flagrans, as
described by Sanyal et al (22) and Vieira et
al (23), affecting the predatory activity of this
fungus in the biocontrol of these parasites.

The literature is vast regarding the effectiveness
of using nematophagous fungi as a viable
strategy to be implemented in an integrated
parasite control system. As mentioned earlier,
some recent studies have shown that the
association of these fungi with anti-helminth
drugs has been successful in reducing the
larval forms of parasitic nematodes and, from a
sustainable point of view, may become a future
strategy (11,23,24). However, it is understood
that the use of some anthelmintic drug can
inhibit fungus development, compromising their
effectiveness in biological control (25,26). Thus,
in vitro experiments are necessary to prove or
not the synergistic action of the chemical and
biological association, as highlighted here.

Knowledge of the role of antiparasitic drugs
and nematophagous fungi is of paramount
importance, and through several good labs and
experiments and field experiments, scientists are
transferring this knowledge to rural producers,
in “dark” times, science prevails (23,27,28,29).
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In the case of the problem of parasitic resistance
to the available anti-helminthics, attention must
be increasingly drawn to the correct use of
chemical compounds and the implementation of
a strategic plan for parasitic control. According
to Szewc et al (28) the use of biological control
with nematophagous fungi can be seen as a
complement to the animal breeding routine.
Recently Braga et al (9) demonstrated in vitro
the effectiveness of the commercial product
Bioverm® D. flagrans in the reduction of L of H.
contortus (99.3%) and Strongyloides pappilosus
of small ruminants.

These advances in knowledge have led to
development of a Brazilian biological control
product called Bioverm® (GhenVet Saude
Animal Ltda.), which has been licensed for
commercialization since 2019. The composition
of Bioverm® includes chlamydospores of the
fungus D. flagrans, and it is indicated for
controlling gastrointestinal helminthiasis in
ruminants and horses. In buffaloes, further
studies evaluating Bioverm® in field conditions
are being delineated. It was concluded that the
in vitro use of D. flagrans was effective in the
control of buffalo nematodes and its association
with ivermectin was more efficient than its use
alone.

Conflicts of Interest

The authors have no conflicts of interest to
declare that they are relevant to the content of
this article.

Aknowledgements

The authors would like to acknowledge the
financial support by CNPq (Conselho Nacional
de Desenvolvimento Cientifico e Tecnoldgico),
CAPES (Coordenacgao de Aperfeicoamento de
Pessoal de Nivel Superior), FAPES (Fundacdo de
Amparo a Pesquisa e Inovagao do Espirito Santo)
and FAPEMIG (Fundagao de Amparo a Pesquisa
do Estado de Minas Gerais).

Ethics approval

The experiments conducted in this study were
approved and performed according to the
recommendations of the Ethics Committee on
the Use of Animals of the Instituto Federal da
Paraiba (CEUA - IFPB), under protocol number
23000.999663.2019- 78.

4/6


https://doi.org/10.21897/rmvz.2398

Queiroz et al - Duddingtonia flagrans with ivermectin in buffalos nematodes

REFERENCES

Mokhber M, Moradi-Shahrbabak M, Sadeghi
M, Moradi-Shahrbabak H, Stella A, Nicolzzi
E, et al. A genome-wide scan for signatures
of selection in Azeri and Khuzestani buffalo
breeds. BMC Genom. 2018; 19:449. https://
doi.org/10.1186/s12864-018-4759-x

Du C, Deng TX, Zhou Y, Ghanem N, Hua
GH. Bioinformatics analysis of candidate
genes for milk production traits in water
buffalo (Bubalus bubalis). Trop Anim Health
Prod. 2020; 52(1):63-69. https://doi.

0rg/10.1007/s11250-019-01984-1

Nardi Junior G, RibeiroMG, Vasconcellos
SA, Megid J, Jorge AM, Geronutti L, et al.
Perfil de aglutininas anti-Leptospira em
bezerras bufalas vacinadas com bacterina
pentavalente comercial contra leptospirose.
Arqg Bras Med Vet Zootec. 2006; 58(3):299-
304. https://doi.org/10.1590/S0102-
09352006000300002

Vilela VLR, Feitosa TF, Brasil AWL,
Parentoni RN, Bezerra RA, Azevedo SS.
Prevaléncia de parasitas gastrointestinais
em bufalos no estado da Paraiba e
primeiro relatério de Cystoisospora spp.
em bufalos no Brasil. ARS Vet. 2017;
33:26-30. htt doi.org/10.15361/2175-

0106.2017v33n1p26-30

Bier D, Teruya LS, Borges DGL, Neves
JPL, Santos LB, Borges FA.Epidemiology
of gastrointestinal helminths in buffaloes.
Cienc Anim Bras. 2018; 19:1-9. https://doi.

0rg/10.1590/1809-6891v19e-40882

Dantas PCS, Lima DS, Oliveira FJ], Calasans
TAS, Porto AG, Carvalho CD, et al. Ocorréncia
de parasitoses gastrintestinais em vacas
leiteiras e respectivos bezerros durante o
periodo de amamentacdo, na fazenda Sao
Paulino, Municipio de Itapicuru/BA. SciPlena.
2015; 11(4):046121. https://scientiaplena.
org.br/sp/article/view/2491/1185

Braga FR, Aradjo]V. Nematophagous fungi
for biological control of gastrointestinal
nematodes in domestic animals. Appl
Microbiol Biotechnol. 2014; 98(1):71-82.
http://doi.org/10.1007/s00253-013-5366-z

Rev MVZ Cérdoba. 2022. September-December; 27(3):e2398
https://doi.org/10.21897/rmvz.2398

8.

10.

11.

12.

13.

14.

15.

Vilela VLR, Feitosa TF, Braga FR, Santos
A, Bezerra RA, Silva GLL, et al.Use of
Duddingtonia flagrans in the control of
gastrointestinal nematodes of feedlot goats.
Semina: Cienc Agrar. 2020; 41(3):915-
924. http://doi.org/10.5433/1679-
0359.2020v41n3p915

Braga FR, Ferraz CM, Silva EM, Araujo
JV.Efficiency of the Bioverm® (Duddingtonia
flagrans) fungal formulation to control in
vivo and in vitro of Haemonchus contortus
and Strongyloides papillosus in sheep.
3 Biotech. 2020; 10(2):1-5. http://doi.
0rg/10.1007/s13205-019-2042-8

Soares FB, Monteiro AC. Compatibilidade de
Metarhizium anisopliae com carrapaticidas
guimicos. Arqg Inst Biol. 2011; 78:385-
391. http://doi.org/10.1590/1808-

1657v78p3852011

Ferraz CM, Sobral SA, Senna CC, Junior
OF, Moreira TF, Tobias FL, et al. Combined
use of ivermectin, dimethyl sulfoxide,
mineral oil and nematophagous fungi to
control Rhabditis spp. Vet Parasitol. 2019;
275:108924. http://doi.org/10.1016/j.

vetpar.2019.108924

Araujo 1V, Maia AS. Antagonistic effect of
predatory fungi Arthrobotrys on infectious
Haemonchus placei larvae. J Helminthol.
1993; 67(2):136-138. https://doi.
0rg/10.1017/50022149X00013018

Gordon HM, Whitlock HV. A new technique
for counting nematode eggs in sheep faeces.
J Sci Ind Res. 1939; 12(1):50-52. http://hdl.
handle.net/102.100.100/339340?index=1

Roberts FHS, O’Sullivan JP. Methods of egg
counts and larval cultures for Strongyles
infesting the gastrointestinal tract of cattle.
Aust J Agr Res. 1950;1(1):99-102. http://
doi.org/10.1071/AR9500099

Willcox HP, Coura JR. Nova concepgao para
o método de Baermann-Moraes-Coutinho
na pesquisa de larvas de nematdides. Mem
Inst Oswaldo Cruz. 1989; 84(4):563-
565. https://doi.org/10.1590/S0074-
02761989000400015

5/6


https://doi.org/10.21897/rmvz.2398
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

16.

17.

18.

19.

20.

21.

22.

Queiroz et al - Duddingtonia flagrans with ivermectin in buffalos nematodes

Keith RK. Differentiation of infective larval of
some common nematode parasites ofcattle.
Aust J Zool. 1953; 1(2):223-235. https://
doi.org/10.1071/Z09530223

Ayres M, Ayres JRM, Ayres DL, Santos AS.
BioEstat 5.0: aplicagOes estatisticas nas
areas de ciéncias bioldgicas e médicas.
Belém: Sociedade Civil Mamiraua. 2007.

Mendoza-De Gives P, Vazquez-Prats VM.
Haemonchus contortus reduction infective
larvae by three nematophagous fungi
in fecal sheep cultures. Vet Parasitol.
1994; 5(3):197-203. https://doi.
0org/10.1016/0304-4017(93)00646-G

Ojeda-Robertos NF, Aguilar-Marcelino
L,Olmedo-Juadrez A, Luna-Palomera C,
Peralta-Torres JA,Lopez-Arellano MA, et al.
In vitro predatory activity of nematophagous
fungi isolated from water buffalo feces and
fromsoil in the Mexican south eastern.
Rev Bras Parasitol Vet. 2019; 28(2):314-
319. https://doi.org/10.1590/s1984-
29612019011

Barroga TRM, Collantes TMA, Mingala CN.
Larvicidal activity of nematophagous fungi
Duddingtonia flagrans against common
strongyle roundworms of buffaloes (Bubalus
bubalis). Philipp J Vet Anim Sci. 2016;
42(1):49-58. htt jvas.org/index.ph

pjvas[article[downI.oad[ 136/129

Vilela VLR, Feitosa TF, Braga FR, Vieira
VD, Lucena SC, Araujo J]V. Control of
gastrointestinal nematodes in sheep using
the combination of Duddingtonia flagrans
and Levamisole Hydrochloride 5%. Ver Bras
Parasitol Vet. 2018; 27(1):23-31. https://
doi.org/10.1590/s1984-29612018008

Sanyal PK, Chauhan JB, Mukhopadhyaya
PN. Implications of Fungicidal Effects
of benzimidazole compounds on
Duddingtonia flagrans in integrated
nematode parasite management
in livestock. Vet Res Commun. 2004;
28(5):375-385. http://doi.org/10.1023
B:VERC.0000034997.50332.77

Rev MVZ Cérdoba. 2022. September-December; 27(3):e2398
https://doi.org/10.21897/rmvz.2398

23.

24,

25.

26.

27.

28.

29.

Vieira JN, Filho FSM, Ferreira GF, Mendes
JF, Gongalves CL, Villela MM, et al. In vitro
susceptibility of nematophagous fungi
to antiparasitic drugs: interactions and
implications for biological control. Braz J
Biol. 2017; 77(3):476-479. https://doi.
0rg/10.1590/1519-6984.15715

Sobral SA, Ferreira BS, Senna CC, Ferraz
CM, Moreira TF, Junior OFL. Rhabditis spp.,
in the Espirito Santo, State of Brazilan
devaluation of biological control. Ver Bras de
Parasitol Vet. 2019; 28(2):333-337. https://
doi.org/10.1590/s1984-29612019020

Hirose E, Neves PMQJ, Zequi JAC, Martins
LH, Peralta CH, Moino Junior A. Efeito
de biofertilizantes e 6leo de nim sobre
os fungos entomopatogénicos Beauveria
bassiana (Bals.) Vuill. e Metarhizium
anisopliae (Metsch.) Sorok. Arg Bras Biol
Tecnol. 2001; 44:419-423. http://doi.
org/10.1590/S1516-89132001000400013

Ferreira GF, Freitas TM, Gongalves CL, Mendes
JF, Vieira JN, Villareal JP, et al. Antiparasitic
drugs: in vitro tests against nematophagous
fungi. Braz ] Biol. 2016; 76(4):990-993.
http://doi.org/10.1590/1519-6984.05615

Burke JM, Miller JE. Sustainable approaches
to parasite control in ruminant live stock.
Vet Clin North Am Food Anim Pract. 2020;
36:89-107. http://doi.org/10.1016/].
cvfa.2019.11.007

Szewc M, De Waal T, Zintl A. Biological
methods for the control of gastrointestinal
nematodes. J Vet. 2021; 268:105602.
http://doi.org/ 10.1016/j.tvjl.2020.105602

Minguetto JGM, Bogado ALG, OkanoW,
Cunha filho LFC, Silva LC, Zanol D, Ferraz
CM, Moreira TF, Tobias FL, Braga FR, Araujo
JV. Biological control of gastrointestinal
nematodes in Young ewestreated with fungi.
Biocontrol Sci Technol. 2021;31(5):499-
511. https://doi.org/10.1080/09583157.2
020.1869699

6/6


https://doi.org/10.21897/rmvz.2398
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

	In vitro association of Duddingtonia flagrans with ivermectin in the control of gastrointestinal nem
	ABSTRACT
	Keywords
	RESUMEN
	Palabras clave
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS 
	DISCUSSION
	Conflicts of Interest
	Aknowledgements
	Ethics approval
	REFERENCES

