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Abstract

The objective was to evaluate the action of D. flagrans pellets in association with Levamisole Hydrochloride 5% 
for controlling sheep gastrointestinal nematodes in the northeastern Brazil. Three groups of six sheep each were 
formed: group 1 received 3 g of the pellets (0.6 g of D. flagrans mycelium) for each 10 kg b.w., twice a week for six 
months, and deworming with Levamisole Hydrochloride 5% when EPG ≥ 1500; group 2 received a dosage of Levamisole 
Hydrochloride 5% when EPG ≥ 1500; and group 3 received 3 g of pellets without fungi for each 10 kg b.w., twice a 
week for six months. EPG counts, larval cultures, packed cell volume (PCV) and weighing were performed every 15 days; 
monthly, samples of grass from each paddock were collected. The mean EPG of the groups began to statistically differ 
from day 30 (p < 0.05). Group 1 required less deworming with Levamisole Hydrochloride 5% and showed superiority 
of PCV values   throughout the experiment (p < 0.05). There was a significant reduction (p < 0.05) in L3 recovery in the 
group 1 paddock from day 30 onwards. The use of D. flagrans pellets in association with Levamisole Hydrochloride 5% 
was effective for controlling gastrointestinal nematodes.
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Resumo

O objetivo foi avaliar a ação de péletes de Duddingtonia flagrans em associação ao Cloridrato de Levamisole 5% no 
controle de nematódeos gastrintestinais de ovinos no Nordeste do Brasil. Foram formados três grupos de seis animais 
cada: grupo 1 recebeu 3 g de péletes (0,6 g de micélio de D. flagrans) para cada 10 kg p.v., duaz vezes por semana 
durante seis meses, e vermifugações com Cloridrato de Levamisole 5% quando OPG > 1500; grupo 2 recebeu uma 
dosagem de Cloridrato de Levamisole 5% quando OPG ≥ 1500; e grupo 3 recebeu 3 g de péletes sem fungos para cada 
10 kg de p.v., duas vezes por semana durante seis meses. Contagens de OPG, coproculturas, de volumes globulares 
(VG) e pesagens foram realizadas a cada 15 dias. Mensalmente, amostras de pasto de cada piquete eram coletadasa. 
A média de OPG dos grupos começou a diferir estatisticamente a partir do dia 30 (p < 0,05). O grupo 1 necessitou de 
menos vermifugações com Cloridrato de Levamisole 5% e demonstrou superioridade nos valores de VG durante todo 
o experimento (p < 0,05). Houve redução significativa (p < 0,05) nas L3 recuperadas no piquete do grupo 1 a partir do 
dia 30. Em conclusão, a utilização de péletes de D. flagrans em associação ao Cloridrato de Levamisole 5% foi eficaz no 
controle de nematódeos gastrintestinais de ovinos.
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Introduction

Research on application of the nematophagous fungus 
Duddingtonia flagrans for treating gastrointestinal nematodiasis in 
sheep has demonstrated its potential as a biological control agent 
against the free-living stages of these nematodes under in vivo 
experimental conditions (SILVA et al., 2009, 2010).

For animals, nematophagous fungi are usually administered 
in formulations based on a vehicle of sodium alginate. These 
formulations have been evaluated experimentally for controlling 
nematodes that parasitize animals and have provided good results 
under laboratory and field conditions, especially those with 
D. flagrans, which is considered to be the most promising species 
(BRAGA & ARAÚJO, 2014).

Studies have focused on evaluating the efficacy of various species 
of fungus in different animal species, with different doses and in 
different environments (ARAÚJO et al., 2007; BRAGA et al., 
2009; TAVELA et al., 2013; VILELA et al., 2013, 2016). Studies 
evaluating the effectiveness of nematophagous fungi in integrated 
nematodiasis control systems in association with use of chemical 
compounds are scarce.

Use of biological control is based on the premise that treatment 
with nematophagous fungi cannot replace chemical control. 
According to Sanyal et al. (2004), while parasite control regimens 
that involve use of chemical anthelmintics cannot be implemented 
in organic livestock-rearing systems, combinations of anthelmintics 
and biological control can be implemented in most conventional 
animal production systems.

The aim of the present study was to evaluate the action of 
formulations of D. flagrans pelletized in a vehicle of sodium 
alginate in association with strategic anthelmintic treatment with 
Levamisole Hydrochloride 5% for controlling sheep gastrointestinal 
nematodiasis.

Materials and Methods

Fungi and production of mycelial mass

An isolate of Duddingtonia flagrans (AC001) was maintained 
in darkness at 4 °C, in tubes containing 2% cornmeal agar (CMA). 
This isolate came from soils in the region of Viçosa, Minas Gerais, 
and had been obtained by means of the method described by 
Duddington (1955), as modified by Santos et al. (1991).

Fungal mycelium was obtained by transferring culture discs 
(approximately 5 mm in diameter) of isolates of 2% CMA to 
250 mL Erlenmeyer flasks containing 150 mL of potato-dextrose 
liquid medium (Difco), at pH 6.5. These were then incubated 
under agitation at 120 x g in darkness at 26 °C, for 10 days. After 
this period, the mycelium was removed, filtered and weighed on 
a precision analytical balance. All the procedures followed the 
methodology of Araújo et al. (2010).

Experimental trial and animals

This experiment was conducted in the municipality of 
Patos, Paraíba, northeastern Brazil (latitude 7°1’28” S; longitude 
37°16’48” W), from Abril to September 2013.

An area of 0.6 hectares of pasture sown with Tifton grass 
(Cynodon dactylon) that was irrigated every day was divided into 
three paddocks. Each paddock was then infested over a 30-day 
period through the grazing actions of four five-month-old male 
Dorper sheep that presented a mean egg per gram of feces (EPG) 
count of 4870 ± 990, of which 70% was Haemonchus sp., 22% 
Trichostrongylus spp., 6% Strongyloides sp. and 2% Oesophagostomum sp.

The previous experiment was performed to choose the 
anthelmintic to be used, 24 sheep from the same farm were divided 
into four groups and underwent the fecal egg count reduction 
test, as described by Coles et al. (1992). The anthelmintics tested 
were Moxidectin 0.2%, Albendazole 5%, Ivermectin 0.08% and 
Levamisole Hydrochloride 5%. This last agent produced the 
largest reduction (95%) and was therefore chosen for this study.

Eighteen female Dorper sheep aged between 24 and 36 months, 
with a mean weight of 50 kg, were used. Fifteen days before the 
experiment started, they were dewormed through oral administration 
of Levamisole Hydrochloride (5 mg/kg of live weight), on three 
consecutive days. Seven days after the first deworming, EPG 
counts were performed by means of the technique described by 
Gordon & Whitlock (1939). Three examinations were performed 
on each sample, and all the animals were found to be negative.

Three groups of six sheep each were formed. In group 1, 
each animal received 3 g of the pellets (0.6 g of D. flagrans 
fungal mycelium) for each 10 kg of live weight, as part of their 
feed, twice a week for six months. Whenever analyses showed 
that the animals presented EPG ≥ 1500, they received a dosage 
of Levamisole Hydrochloride 5% (fungus + chemical group). 
In group 2, each animal that presented EPG ≥ 1500 received 
a dosage of Levamisole Hydrochloride 5% (chemical group). 
In group 3, each animal received 3 g of pellets without fungi for 
each 10 kg of body weight, as part of their feed, twice a week 
for six months (control group). Each group remained in one 
different paddock, at a stocking density of 1.5 animal units per 
hectare. To prevent deaths, rescue anthelmintic treatments were 
administered individually when the animals presented packed 
cell volume (PCV) less than 16%. Every day, all the animals 
received supplementation with protein-energy concentrate at the 
proportion of 0.75% of live weight, along with balanced mineral 
salt and water ad libitum.

Feces and blood were collected from all the animals every 
15 days, in order to analyze EPG counts, fecal cultures (ROBERTS 
& O’SULLIVAN, 1950) and PCV measurements (FERREIRA et al., 
1981). Also every 15 days, the animals were weighed to ascertain 
whether they were maintaining their weight.

To determine the levels of environmental infestation with L3, 
five samples of 200 g of leaf mass were collected every month, 
from different parts of each paddock, thus totaling approximately 
1000 g of leaf mass 1000 g (RAYNAUD & GRUNER, 1982). 
These samples were placed separately in plastic buckets of capacity 
10 liters, which were then filled with water at a temperature of 
37 °C. The immersed samples were left to rest for four hours so 
that larvae would be released. The leaf mass was then removed 
carefully so that the larvae would not enter into suspension, 
and the supernatant was discarded. The precipitate was strained 
through a 200 µm sieve and was then decanted into a Hoffman 
flask. The sediment was examined under an optical microscope 
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and the larvae were quantified and identified. Subsequently, the 
arithmetic mean of the total numbers of larvae recovered from 
each of the five samples from each paddock was calculated. The leaf 
mass that had earlier been removed from the plastic buckets was 
placed in metal containers that were put into a forced-ventilation 
chamber and kept there at 45 °C for 48 h. The dry matter was 
then weighed to determine values for L3/kg of dry matter.

Statistical analysis

The data were subjected to one-way analysis of variance 
(ANOVA) and the Tukey’s test at the 5% probability. Were performed 
tests to verify the presuppositions of ANOVA. The EPG values 
were analyzed using the logarithmic transformation log (x + 1). 
Nevertheless, they are presented in the figures as arithmetic means 
of the non-transformed values. The analyses were performed using 
the BioEstat 5.0 software (AYRES et al., 2007).

Results

The mean EPG values of the groups started to differ statistically 
(p < 0.05) from the 30th day onwards (Figure 1A). In the group 
treated with D. flagrans and Levamisole Hydrochloride 5% 
(fungus + chemical group), the EPG count on the 30th day of the 
experiment was 250, and it remained at low levels throughout 
the experiment, reaching day 180 with a mean of 480. There was 
a statistical difference between the chemical and control groups 
over most of the period of the experiment (days 30, 120, 150 and 
180), but both of these groups had high EPG values throughout 
the experiment, except on days 60 and 90. At the end of the 
experiment, the mean EPG count for the chemical group was 
1320 and for the control group, 2340.

Regarding the number of treatments with Levamisole 
Hydrochloride 5%, i.e. when EPG ≥ 1500, a statistically 
significant difference was observed (p < 0.05) between the fungus 
+ chemical and the chemical group (Table 1). The group, which 
received an association of D. flagrans and chemical treatment, 
only presented eight occurrences of EPG ≥ 1500 over the course 

of the experiment, all of these were by the 120 day. On the other 
hand, in the chemical group, 17 occurrences of EPG ≥ 1500 were 
observed, which required 17 deworming treatments distributed 
between the start and end of the experiment.

The fungus + chemical group presented the highest PCV values 
throughout the experiment (p < 0.05) and differed from the control 
group from the 30th day onwards (Figure 2). The PCV values of 
the chemical group remained at intermediate levels, compared 
with the other two groups, and differed from the control group 
only on days 30 and 60.

In the fungus + chemical group, due low PCV, none of 
the animals required rescue deworming over the course of the 
experiment. However, in the chemical group, two sheep received 
rescue deworming: one on day 90 and the other on day 150. In the 
control group, seven rescue deworming treatments were needed: 
one sheep received three doses, on days 90, 150 and 180; and two 
sheep received two doses, both on days 90 and 120.

A high rate of environmental infestation in the paddocks was 
observed at the start of the experiment (mean of 4500 L3/kg of dry 
matter in each group). However, the mean numbers of L3 recovered 
from the pasture presented statistically significant differences 
(p < 0.05) from the 30th day onwards, when the fungus + chemical 
group started to show a gradual reduction in the numbers of L3 
in the pasture, reaching a mean of 800 L3/kg of dry matter on 

Figure 1. (A) Monthly means and standard deviations of egg per gram of feces (EPG) counts; (B) monthly means and standard deviations 
of the numbers of infective larvae per kilogram of dry matter (L3/kg D.M.). Sheep groups: fungus + chemical (D. flagrans concentration of 
0.6 g/10 kg of live weight, twice a week, and Levamisole Hydrochloride 5% when EPG ≥ 1500), chemical group (Levamisole Hydrochloride 
5% when EPG ≥ 1500) and control group. Values followed by the same letter are statistically similar (p > 0.05, according to Tukey test at 5%).

Table 1. Numbers of deworming treatments applied in the fungus 
+ chemical group (D. flagrans concentration of 0.6 g/10 kg of live 
weight, twice a week, and Levamisole Hydrochloride 5% when EPG 
≥ 1500) and chemical group (Levamisole Hydrochloride 5% when 
EPG ≥ 1500), in the northeastern Brazil over a 180-day period.

Groups
Days

Total
30 60 90 120 150 180

Fungus + chemical 2 3 2 1 - - 8*
Chemical 3 4 2 2 3 3 17

P value 0.01
*Represents a statistically significant different (p < 0.05) according to the F test 
at 5% significance.
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day 180. The chemical group only differed statistically (p < 0.05) 
from the control group on day 30 (Figure 1B).

In both groups was observed that Haemonchus sp. was 
the most prevalent genus in all the fecal cultures, followed by 
Trichostrongylus spp., Strongyloides sp. and Oesophagostomum sp.

There was no statistically significant difference (p > 0.05) in 
the weights of the animals in the different groups, and a mean 
weight of 50 kg was maintained throughout the experiment.

Discussion

Starting at day 30, there was a statistical difference (p < 0.05) 
between the fungus + chemical group and the other groups. 
In  this group, on day 180, the fecal egg count reduction was 
80%, compared with the control group. Vilela  et  al. (2016) 
coadministered pellets of D. flagrans and Monacrosporium thaumasium 
to sheep in the semiarid region of Paraíba under the same grazing 
pressure. They observed that statistical differences in EPG counts 
(p < 0.05) only started at the 60th day of the experiment, with a 
fecal egg count reduction on day 180 that was similar to what was 
seen in the present study (76% in adults and 83% in juveniles). 
Other studies have also demonstrated the ability of D. flagrans to 
survive after passage through the gastrointestinal tract of animals, 
making it a strong ally in combating free-living stages of the 
gastrointestinal nematodes (WALLER, 2006; PAZ-SILVA et al., 
2011; SAGÜÉS  et  al., 2011; FITZ-ARANDA  et  al., 2015; 
ARIAS et al., 2013; SILVA et al., 2014). Strategic use of chemical 
treatment aided in this, by enabling accelerated reduction of the 
parasite load in the animals.

There was a statistical difference of the EPG between the 
chemical and control groups over most of the experiment 
(days 30, 120, 150 and 180). However, the chemical group continued 
to present high EPG counts throughout the experiment. At the 
end, the fecal egg count reduction of this group in comparison 

with the control group was 44%. Although the chemical used 
presented good anthelmintic efficacy on this herd (95%), the high 
grazing pressure together with the high environmental infestation 
with L3 of the gastrointestinal nematodes led to high rates of 
reinfection of the animals. Graminha et al. (2005) observed low 
rates of helminthiasis in sheep kept at low grazing pressure, even 
those animals that did not receive anthelmintic treatment.

There was a statistically significant difference (p < 0.05) regarding 
the numbers of treatments with Levamisole Hydrochloride 5% 
when EPG ≥ 1500. In the fungus + chemical group, only eight 
deworming treatments were administered, mainly in the early part 
of the experiment. However, in the chemical group, 17 deworming 
treatments were necessary, and these were evenly distributed 
until the end of the experiment. Also in the fungus + chemical 
group, none of the animals required rescue deworming at any 
time during the experiment. In the chemical group, two sheep 
received rescue deworming. In the control group, seven rescue 
deworming treatments were needed. According to Araújo et al. 
(1998), clinical parasitism does not occur when nematophagous 
fungi are administered, because of the diminished numbers of 
larvae in the pasture, which reduces the reinfection rate among the 
animals and leaves them capable of developing natural immunity 
against nematodes.

There was a gradual reduction in the numbers of L3 in the 
pasture of paddock occupied by the fungus and chemical group 
from the 30th day onwards. By the end of the experiment, levels 
80% lower than those encountered in the paddock occupied by 
the control group were attained. The chemical group differed 
statistically from the control group only on day 30, and reached 
the end of the experiment with levels of pasture infestation due to 
L3 that were only 22.5% lower than those of the control group. 
Pasture irrigation may have favored fungal development. However, 
it may also have increased the challenge, as it also favors a better 
development of nematodes. Dias  et  al. (2007) also observed 
reductions in the numbers of L3/kg of dry matter, of 85%, after six 
months of administering pellets of D. flagrans to cattle in southeaster 
Brazil. According to these authors, use of nematophagous fungi 
enabled reduction of the numbers of infective larvae in the pasture 
after one month. However, Larsen et al. (1998) only observed a 
statistical difference (p < 0.05) in the numbers of L3/kg of dry 
matter among horses treated with D. flagrans, in relation to the 
control group, in the last two months of their experiment.

Haemonchus sp. was the most prevalent helminth genus in all 
the fecal cultures. High prevalence of this genus was also observed 
in goat herds in the Sertão mesoregion of Paraíba, northeastern 
Brazil, by Vieira et al. (2014). This genus accounted for 79.9% the 
parasite load among these animals. In this region, other researches 
too showed that that Haemonchus sp. was the most frequent 
helminth of sheep and goats (LIMA et al., 2010; VILELA et al., 
2012b; MELO et al., 2013).

The fungus + chemical group presented the highest PCV 
values throughout the experiment (p < 0.05) and differed from 
the control group from the 30th day onwards. Vilela et al. (2012a) 
also observed that the PCV values were better among goats in 
the semiarid region of northeastern Brazil that received pellets 
of D. flagrans for six months, than among those in the control 
group. However, Silva et al. (2010) did not observe any statistically 

Figure 2. Monthly means and standard deviations of packed 
cell volume (PCV) among sheep in the fungus + chemical group 
(D. flagrans concentration of 0.6 g/10 kg of live weight, twice a 
week, and Levamisole Hydrochloride 5% when EPG ≥ 1500), 
chemical group (Levamisole Hydrochloride 5% when EPG ≥ 1500) 
and control group, in the northeastern Brazil over a 180-day period. 
Values followed by the same letter are statistically similar (p > 0.05, 
according to Tukey test at 5%).
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significant difference (p > 0.05) in PCV among sheep in southeastern 
Brazil that received pellets of D. flagrans.

There was no statistically significant difference (p > 0.05) in the 
weights of the animals in the different groups. Chandrawathani et al. 
(2004) observed that the sheep greater weight gain in Malaysia 
occurred in the group receiving D. flagrans. Silva et al. (2009) also 
did not observe any significant changes to the weights of sheep 
that underwent treatment with pellets containing D. flagrans and 
Monacrosporium thaumasium in southeastern Brazil, probably 
because these were adult animals that were receiving a weight 
maintenance diet. In a study testing the efficacy of pellets of 
D.  flagrans and M. thaumasium that were coadministered to 
juvenile sheep, Vilela et al. (2016) observed a statistical difference 
from the 90th day of the experiment onwards, with a mean weight 
gain of 18.7 kg at day 180, while the control had a gain of 8.1 kg.

In the present study, use of D. flagrans to control environmental 
infestation, together with use of chemical treatment consisting 
of Levamisole Hydrochloride 5% when the animals’ EPG count 
exceeded acceptable levels, resulted in an effective anthelmintic 
treatment strategy. Thus, the animals in the fungus + chemical group 
maintained low parasite loads throughout the experiment, which 
was thus reflected in lower numbers of deworming treatments, 
better weight gains, better PCV indices and lower ratios of L3/kg 
of dry matter.

Conclusion

It can be concluded that use of pellets of D. flagrans in 
association with strategic anthelmintic treatment using Levamisole 
Hydrochloride 5% was effective for controlling gastrointestinal 
nematodiasis among sheep that were maintained on irrigated 
pasture in the semiarid region of Brazil.

Acknowledgements

The authors wish to acknowlwdge the financial support received 
from CAPES and FAPEMIG.

References

Araújo JM, Araújo JV, Braga FR, Carvalho RO. In vitro predatory activity 
of nematophagous fungi and after passing through gastrointestinal 
tract of equine on infective larvae of Strongyloides westeri. Parasitol Res 
2010; 107(1): 103-108. PMid:20369256. http://dx.doi.org/10.1007/
s00436-010-1841-y. 

Araújo JV, Gomes APS, Guimarães MP. Biological control of bovine 
gastrointestinal nematode parasites in Southastern Brazil by nematode-
trapping fungus Arthrobotrys robusta. Rev Bras Parasitol Vet 1998; 7(2): 
117-122.

Araújo JV, Rodrigues MLA, Silva WW, Vieira LS. Controle biológico de 
nematóides gastrintestinais de caprinos em clima semiárido pelo fungo 
Monacrosporium thaumasium. Pesq Agropec Bras 2007; 42(8): 1177-1181. 
http://dx.doi.org/10.1590/S0100-204X2007000800015. 

Arias MS, Suárez J, Cazapal-Monteiro CF, Francisco I, López-Arellano ME, 
Piñeiro P, et al. Trematodes enhance the development of the nematode-

trapping fungus Arthrobotrys (Duddingtonia) flagrans. Fungal Biol 2013; 
117(7-8): 540-544. PMid:23931119. http://dx.doi.org/10.1016/j.
funbio.2013.06.003. 

Ayres M, Ayres JRM, Ayres DL, Santos AS. BioEstat 5.0: aplicações 
estatísticas nas áreas de ciências biológicas e médicas. 4nd ed. Belém: 
Sociedade Civil Mamirauá; 2007.

Braga FR, Araújo JV, Silva AR, Araújo JM, Carvalho RO, Tavela AO, et al. 
Biological control of horse cyathostomin (Nematoda: Cyathostominae) 
using the nematophagous fungus Duddingtonia flagrans in tropical 
southeastern Brazil. Vet Parasitol 2009; 163(4): 335-340. PMid:19497672. 
http://dx.doi.org/10.1016/j.vetpar.2009.05.003. 

Braga FR, Araújo JV. Nematophagous fungi for biological control of 
gastrointestinal nematodes in domestic animals. Appl Microbiol Biotechnol 
2014; 98(1): 71-82. PMid:24265027. http://dx.doi.org/10.1007/
s00253-013-5366-z. 

Chandrawathani P, Jamnah O, Adnan M, Waller PJ, Larsen M, Gillespie 
AT. Field studies on the biological control of nematode parasites of sheep 
in the tropics, using the microfungus Duddingtonia flagrans. Vet Parasitol 
2004; 120(3): 177-187. PMid:15041093. http://dx.doi.org/10.1016/j.
vetpar.2003.12.014. 

Coles GC, Bauer C, Borgsteede FH, Geerts S, Klei TR, Taylor MA, et al. 
World Association for the Advancement of Veterinary Parasitology 
(W.A.A.V.P) methods for the detection of anthelmintic resistance in 
nematodes of veterinary importance. Vet Parasitol 1992; 44(1-2): 35-44. 
PMid:1441190. http://dx.doi.org/10.1016/0304-4017(92)90141-U. 

Dias AS, Araújo JV, Campos AK, Braga FR, Fonseca TA. Application of 
a formulation of the nematophagous fungus Duddingtonia flagrans in the 
control of cattle gastrointestinal nematodiosis. World J Microbiol Biotechnol 
2007; 23(9): 1245-1252. http://dx.doi.org/10.1007/s11274-007-9356-0. 

Duddington CL. Notes on the technique of handling predacious fungi. 
Trans Br Mycol Soc 1955; 38(2): 97-103. http://dx.doi.org/10.1016/
S0007-1536(55)80021-6. 

Ferreira JM No, Viana ES, Magalhães LM. Patologia clínica veterinária. 
1st ed. Belo Horizonte: Rabelo; 1981.

Fitz-Aranda JA, Mendoza-de-Gives P, Torres-Acosta JF, Liébano-Hernández 
E, López-Arellano ME, Sandoval-Castro CA, et al. Duddingtonia flagrans 
chlamydospores in nutritional pellets: effect of storage time and conditions 
on the trapping ability against Haemonchus contortus larvae. J Helminthol 
2015; 89(1): 13-18. PMid:23953994. http://dx.doi.org/10.1017/
S0022149X13000539. 

Gordon HM, Whitlock HV. A new technique for counting nematode 
eggs in sheep faeces. J Counc Sci Ind Res 1939; 12(1): 50-52.

Graminha EBN, Monteiro AC, Silva HC, Oliveira GP, Costa AJ. 
Controle de nematóides parasitos gastrintestinais por Arthrobotrys 
musiformis em ovinos naturalmente infestados mantidos em pastagens. 
Pesq Agropec Bras 2005; 40(9): 927-933. http://dx.doi.org/10.1590/
S0100-204X2005000900013. 

Larsen M, Faedo M, Waller PJ, Hennessy DR. The potencial of 
nematophagous fungi to control the free living stages of nematode 
parasites of sheep: studies with Duddingtonia flagrans. Vet Parasitol 
1998; 76(1-2): 121-128. PMid:9653996. http://dx.doi.org/10.1016/
S0304-4017(97)00056-3. 

Lima WC, Athayde ACR, Medeiros GR, Lima DASD, Borburema 
JB, Santos EM, et al. Nematóides resistentes a alguns anti-helmínticos 
em rebanhos caprinos no Cariri Paraibano. Pesq Vet Bras 2010; 30(12): 
1003-1009. http://dx.doi.org/10.1590/S0100-736X2010001200001. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20369256&dopt=Abstract
http://dx.doi.org/10.1007/s00436-010-1841-y
http://dx.doi.org/10.1007/s00436-010-1841-y
http://dx.doi.org/10.1590/S0100-204X2007000800015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23931119&dopt=Abstract
http://dx.doi.org/10.1016/j.funbio.2013.06.003
http://dx.doi.org/10.1016/j.funbio.2013.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19497672&dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2009.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24265027&dopt=Abstract
http://dx.doi.org/10.1007/s00253-013-5366-z
http://dx.doi.org/10.1007/s00253-013-5366-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15041093&dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2003.12.014
http://dx.doi.org/10.1016/j.vetpar.2003.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1441190&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1441190&dopt=Abstract
http://dx.doi.org/10.1016/0304-4017(92)90141-U
http://dx.doi.org/10.1007/s11274-007-9356-0
http://dx.doi.org/10.1016/S0007-1536(55)80021-6
http://dx.doi.org/10.1016/S0007-1536(55)80021-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23953994&dopt=Abstract
http://dx.doi.org/10.1017/S0022149X13000539
http://dx.doi.org/10.1017/S0022149X13000539
http://dx.doi.org/10.1590/S0100-204X2005000900013
http://dx.doi.org/10.1590/S0100-204X2005000900013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9653996&dopt=Abstract
http://dx.doi.org/10.1016/S0304-4017(97)00056-3
http://dx.doi.org/10.1016/S0304-4017(97)00056-3
http://dx.doi.org/10.1590/S0100-736X2010001200001


v. 27, n. 1, jan.-mar. 2018 31/31   31D. flagrans and Levamisole against sheep nematodes

Melo LRB, Vilela VLR, Feitosa TF, Almeida JL No, Morais DF. Resistência 
anti-helmíntica em pequenos ruminantes do semiárido da Paraíba, 
Brasil. Ars Vet 2013; 29(2): 104-108. http://dx.doi.org/10.15361/2175-
0106.2013v29n2p104-108. 

Paz-Silva A, Francisco I, Valero-Coss RO, Cortiñas FJ, Sánchez JA, 
Francisco R, et al. Ability of the fungus Duddingtonia flagrans to adapt to 
the cyathostomin egg-output by spreading chlamydospores. Vet Parasitol 
2011; 179(1-3): 277-282. PMid:21402449. http://dx.doi.org/10.1016/j.
vetpar.2011.02.014. 

Raynaud JP, Gruner L. Feasibility of herbage sampling in large extensive 
pastures and avaliability of cattle nematode infective larvae in mountain 
pastures. Vet Parasitol 1982; 10(1): 57-64. PMid:7201712. http://dx.doi.
org/10.1016/0304-4017(82)90007-3. 

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

Sagüés MF, Purslow P, Fernández S, Fusé L, Iglesias L, Saumell C. 
Nematophagous fungi used for the biological control of gastrointestinal 
nematodes in livestock and administration routes. Rev Iberoam Micol 
2011; 28(4): 143-147. PMid:21787877.

Santos MA, Ferraz S, Muchovej JJ. Detection and ecology of nematophagous 
fungi from Brazilian soils. Nematol Bras 1991; 15(2): 121-134.

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. PMid:15379432. http://dx.doi.org/10.1023/
B:VERC.0000034997.50332.77. 

Silva AR, Araújo JV, Braga FR, Frassy LN, Tavela AO, Carvalho RO, et al. 
Biological control of sheep gastrointestinal nematodiasis in a tropical 
region of the southeast of Brazil with the nematode predatory fungi 
Duddingtonia flagrans and Monacrosporium thaumasium. Parasitol Res 
2009; 105(6): 1707-1713. PMid:19756749. http://dx.doi.org/10.1007/
s00436-009-1613-8. 

Silva BF, Carrijo-Mauad JR, Braga FR, Campos AK, Araújo JV, Amarante 
AFT. Efficacy of Duddingtonia flagrans and Arthobotrys robusta in controlling 
sheep parasitic gastroenteritis. Parasitol Res 2010; 106(6): 1343-1350. 
PMid:20237801. http://dx.doi.org/10.1007/s00436-010-1805-2. 

Silva ME, Braga FR, Borges LA, Oliveira JM, Lima WS, Guimarães 
MP, et al. Evaluation of the effectiveness of Duddingtonia flagrans and 

Monacrosporium thaumasium in the biological control of gastrointestinal 
nematodes in female bovines bred in the semiarid region. Vet Res Commun 
2014; 38(2): 101-106. PMid:24477840.

Tavela AO, Araújo JV, Braga FR, Silveira WS, Silva VHD, Carretta M 
Jr, et al. Coadministration of sodium alginate pellets containing the fungi 
Duddingtonia flagrans and Monacrosporium thaumasium on cyathostomin 
infective larvae after passing through the gastrointestinal tract of horses. 
Res Vet Sci 2013; 94(3): 568-572. PMid:23274060. http://dx.doi.
org/10.1016/j.rvsc.2012.11.011. 

Vieira VD, Feitosa TF, Vilela VLR, Azevedo SS, Almeida JL No, Morais 
DF, et al. Prevalence and risk factors associated with goat gastrointestinal 
helminthiasis in the Sertão region of Paraíba State, Brazil. Trop Anim 
Health Prod 2014; 46(2): 355-361. PMid:24214525. http://dx.doi.
org/10.1007/s11250-013-0496-y. 

Vilela VL, Feitosa TF, Braga FR, Araújo JV, Lucena SC, Dantas 
ES, et al. Efficacy of Monacrosporium thaumasium in the control of goat 
gastrointestinal helminthiasis in a semi-arid region of Brazil. Parasitol Res 
2013; 112(2): 871-877. PMid:22903419. http://dx.doi.org/10.1007/
s00436-012-3078-4. 

Vilela VLR, Feitosa TF, Braga FR, Araújo JV, Santos A, Morais DF, et al. 
Coadministration of nematophagous fungi for biological control over 
gastrointestinal helminths in sheep in the semiarid region of northeastern 
Brazil. Vet Parasitol 2016; 221: 139-143. PMid:27084486. http://dx.doi.
org/10.1016/j.vetpar.2016.03.027. 

Vilela VL, Feitosa TF, Braga FR, Araújo JV, Souto DV, Santos HE, et al. 
Biological control of goat gastrointestinal helminthiasis by Duddingtonia 
flagrans in a semi-arid region of the northeastern Brazil. Vet Parasitol 
2012a; 188(1-2): 127-133. PMid:22436426. http://dx.doi.org/10.1016/j.
vetpar.2012.02.018. 

Vilela VLR, Feitosa TF, Linhares EF, Athayde ACR, Molento MB, 
Azevedo SS. FAMACHA© method as an auxiliary strategy in the 
control of gastrointestinal helminthiasis of dairy goats under semiarid 
conditions of Northeastern Brazil. Vet Parasitol 2012b; 190(1-2): 281-
284. PMid:22726386. http://dx.doi.org/10.1016/j.vetpar.2012.05.024. 

Waller PJ. Sustainable nematode parasite control strategies for ruminant 
livestock by grazing management and biological control. Anim Feed 
Sci Technol 2006; 126(3-4): 277-289. http://dx.doi.org/10.1016/j.
anifeedsci.2005.08.007. 

http://dx.doi.org/10.15361/2175-0106.2013v29n2p104-108
http://dx.doi.org/10.15361/2175-0106.2013v29n2p104-108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21402449&dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2011.02.014
http://dx.doi.org/10.1016/j.vetpar.2011.02.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7201712&dopt=Abstract
http://dx.doi.org/10.1016/0304-4017(82)90007-3
http://dx.doi.org/10.1016/0304-4017(82)90007-3
http://dx.doi.org/10.1071/AR9500099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21787877&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15379432&dopt=Abstract
http://dx.doi.org/10.1023/B:VERC.0000034997.50332.77
http://dx.doi.org/10.1023/B:VERC.0000034997.50332.77
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19756749&dopt=Abstract
http://dx.doi.org/10.1007/s00436-009-1613-8
http://dx.doi.org/10.1007/s00436-009-1613-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20237801&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20237801&dopt=Abstract
http://dx.doi.org/10.1007/s00436-010-1805-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24477840&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23274060&dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2012.11.011
http://dx.doi.org/10.1016/j.rvsc.2012.11.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24214525&dopt=Abstract
http://dx.doi.org/10.1007/s11250-013-0496-y
http://dx.doi.org/10.1007/s11250-013-0496-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22903419&dopt=Abstract
http://dx.doi.org/10.1007/s00436-012-3078-4
http://dx.doi.org/10.1007/s00436-012-3078-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084486&dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2016.03.027
http://dx.doi.org/10.1016/j.vetpar.2016.03.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22436426&dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2012.02.018
http://dx.doi.org/10.1016/j.vetpar.2012.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22726386&dopt=Abstract
http://dx.doi.org/10.1016/j.vetpar.2012.05.024
http://dx.doi.org/10.1016/j.anifeedsci.2005.08.007
http://dx.doi.org/10.1016/j.anifeedsci.2005.08.007

