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Short Communication

In vitro efhicacy of Duddingtonia flagrans against

nematodes of sheep based on in vivo calculations
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Abstract

Duddingtonia flagrans has been tested as an alternative parasite control, but data from iz vitro experiments based
on in vivo calculations describing nematophagous fungi predation in nematodes are restricted. The objective of this
work was to determine the efficacy of D. flagrans against sheep nematode larvae in vitro using in vivo calculations. Fecal
samples were introduced to fungi in different concentrations: 0.0/control; 0.05; 0.1; 0.2; 0.4; 0.8; 1.6; 3.2; and 6.4 g
corresponding, respectively, to 583.000; 1.166.000; 2.332.000; 4.664.000; 9.328.000; 18.656.000; 37.312.000 and
74.624.000 chlamydospores/kg of body weight. The material was incubated for 14 days, before the larvae recovery
(Assay 1). Assay 2 was carried out with the doses of 0.00625; 0.0125; and 0.025 g. The results showed a negative
correlation between fungal concentrations and larval numbers for both assays. The fungus demonstrated an efficacy above
89% in both assays. Thus, we consider that the data from iz vitro studies based on in vivo calculations may optimize
the fungi quantities for field experiments.
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Resumo

Duddingtonia flagrans tem sido testado como uma alternativa no controle de parasitos, entretanto, trabalhos iz vitro
da predacio de nematoides por fungos nematéfagos correlacionados com célculos baseados para testes iz vivo sdo restritos.
O objetivo deste trabalho foi determinar a eficicia in vitro de D. flagrans contra larvas de nematoides de ovinos tendo
como base cdlculos in vivo. Amostras fecais receberam a adi¢ao do fungo em diferentes concentragoes: 0.0/controle; 0,05;
0,15 0,25 0,4; 0,8; 1,6; 3,2 ¢ 6,4 gramas correspondendo, respectivamente, as seguintes dosagens: 583.000; 1.166.000;
2.332.000; 4.664.000; 9.328.000; 18.656.000; 37.312.000 e 74.624.000 clamiddsporos/Kg de peso vivo animal.
O material foi incubado por 14 dias, para recuperagao das larvas (Ensaio 1). O Ensaio 2 foi realizado com concentragoes
de 0,00625; 0,0125 ¢ 0,025 g. Foi observada correlagio negativa entre a concentragao fingica e o nimero de larvas, nos
dois ensaios. O fungo demonstrou eficdcia acima de 89% em ambos os ensaios. A partir destes dados, acreditamos que
ensaios 77 vitro baseados em cdlculos in vivo podem aprimorar as dosagens para a realizacio de experimentos a campo.

Palavras-chave: Duddingtonia flagrans, atividade predatéria, larvas, ovinos, nematoides gastrointestinais.

Introduction

Endoparasites have become a serious problem to small
ruminant farming (TARIQ, 2015). In Brazil, infective larvae of
the main nematodes species are available on pasture practically
throughout the year, becoming the source of a continuous
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infection (MOLENTO et al., 2016). The high economical losses
in lambs, due to gastrointestinal parasitism (TAYLOR, 2012)
was estimated to be of hundreds of millions of dollars worldwide
(ROEBER et al., 2013).

'The excessive use of anthelmintics to control parasite infections
has brought up a sequence of undesirable consequences, such as, the

lack of farmer assistance, ecotoxicity and the selection of resistant
parasites to different drug classes (MOLENTO, 2004). However,
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other prophylactic measurements may reduce the frequency of
treatments and can be used in combination, diminishing the
dependence of these treatments (MOLENTO et al., 2013).
Alternative control methods include biological control using
nematophagous fungi (FITZ-ARANDA et al., 2015). The fungi
are microorganisms that are able to reduce the population of
parasites by acting on the free-life stages, being harmless to the
host animals and to the environment (BUZATTT et al., 2015;
SAUMELL et al., 2016).

D. flagrans is considered the most promising species for
biological control of animal endoparasites (SAHOO & KHAN,
2016). From the beginning of the 90’s until today, researchers
have reported its effectiveness in the control of immature stages
of parasites of cattle (LARSEN et al., 1995; SILVA et al., 2013),
sheep, and goats (LARSEN etal., 1998; WAGHORN etal., 2003;
OJEDA-ROBERTOS et al., 2008; OJEDA-ROBERTOS et al.,
2015; FITZ-ARANDA et al., 2015). Although this fungus is
one of the most studied organism for parasite control, data from
in vitro experiments based iz vivo calculations, describing their
nematode predation, are restricted. As this information constitutes
the basis for 77 vivo assays, the in vivo results cannot be related
to in vitro data. The objective of this study was to determine the
in vitro efficacy of the fungus D. flagrans, using in vivo calculation,
at different concentrations against gastrointestinal nematodes of
naturally infected sheep.

Material and Methods

Two experiments were carried out using 20 naturally infected
female sheep, of mixed breed, of one to two-years old as feces
donor. During the trial, the animals were allocated in native pasture
and supplemented with corn silage ad libitum. No antiparasitic
treatments were given during the experimental period. However,
animals were clinically monitored by the FAMACHA (FMC)
method and for body condition score (BCS) (BATH & VAN
WYK, 2009).

D. flagrans (strain CG 768) was cultured on ground corn as
a medium for growth at temperature between 23 and 27 °C in
the absence of light for 21 days. Subsequently, the material was
conditioned for drying in a stove at 25 °C. After drying, corn and
fungus cultivation was homogenized and 10 gram aliquots were
removed for quantification of chlamydospores in a Newbauer
chamber. The corn employed to the treatments presented
350.000 chlamydospores per gram of corn.

For Assay 1, fecal egg count (FEC) was determined according
to Gordon & Whitlock (1939). The fecal material was thoroughly
mixed and randomly distributed into 10 cm diameter Petri
dishes over filter paper discs. Each experimental replica received
10g of feces. The fungal treatment (mix of ground corn and
chlamydospores of D. flagrans) was added to the feces in nine
different concentrations: 0.0/control; 0.05; 0.1; 0.2; 0.4; 0.8; 1.6;
3.2 and 6.4g corresponding, respectively to 583.000; 1.166.000;
2.332.000; 4.664.000; 9.328.000; 18.656.000; 37.312.000 and
74.624.000 chlamydospores/kilogram body weight (Assay 1).
The doses were obtained from the following calculation: the average
of the animals’ live weight from each group, were multiplied by
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the fungal treatment (g) correspondent to each evaluated dose
and divided by the average amount of feces eliminated daily
(1.2 kg) by the animals. All the concentrations were used in
triplicates. The Petri dishes were incubated at 28 °C and 80%
of relative air humidity for 14 days. Afterwards, the Baermann
technique was performed (CORT et al., 1922) for recovering
and identification of the genus of the third stage larvae (UENO
& GONCALVES, 1988). The same procedure was adopted for
Assay 2, although, three values below of the lowest concentration
were also added (0.00625; 0.0125 and 0.025g) corresponding to
2.187;4.375 and 8.750 chlamydospores/kg live weight, respectively.
The larval count was done in a 100 pl solution under microscope.

The comparison between treatments was tested by the Tukey
test at 95% of probability (P<0.05) after One-Way ANOVA.
The data was analyzed using the statistical program SPSS 17 and
Assistat 7.5.

Results and Discussion

The mean FEC for Assay 1 was 11.658, showing an intense
infection; and the FMC revealed a mean of 3.4, reflecting
clinical anemia (MOLENTO et al., 2004). The percentage of
the genus before Assay 1, were 46.9; 43.9; 3.3; 3.3; and 1.6% for
Trichostrongylus sp., Haemonchus sp., Cooperia sp., Bunostomum sp.
and Chabertia sp., respectively. However, after the addition of the
fungus, the percentages changed to: 76.4; 195 2.2; 1.5 and 0.9%
for Trichostrongylus sp, Haemonchus sp., Cooperia sp., Chabertia sp.
and Bunostomum sp., respectively. The results are different from
Aratjo et al. (2004) who demonstrated that D. flagrans was
not selective for a particular genus. In the present work, we
found a significant difference in the predatory activity related to
Haemonchus sp. (P<0.05). However, more studies are required to
confirm this statement.

It was determined a high mean larval count (3.120) on
the control group compared to the treated groups on Assay 1.
The reduction on larval count can be observed in Table 1, as all the
doses had a significant reduction (P<0.01) in larval count when
compared to the Control group. The results are very important,
not just for obtaining a practical biological control, but also to
avoid unnecessary administration of the product.

Data from Assay 2 had a correlation of -0.855 (P<0.001),
determining that the higher the fungal concentration used the lower
the amount larvae were recovered from the fecal cultures (data not
shown). Some other studies reported that 77 vizro data were used
to test the predatory action of D. flagrans sp. on infective larvae
of H. contortus of sheep, finding a significant reduction of larvae,
comparing treated and control groups (FITZ-ARANDA et al,,
2015; OJEDA-ROBERTOS et al., 2015).

On Assay 2, the mean FEC was 9.560, demonstrating high egg
elimination, and 3.6 average when performing FMC. The percentages
of the larvae found in the fecal culture before treatment was:
73.9% of Trichostrongylus sp., 22.7% of Haemonchus sp., 3.0%
of Bunostomum sp., 0.3% of Chabertia sp. (P<0.05), and 0.1% of
Cooperia sp. However, after the addition of the fungus preparation,
the percentages had a significant change to: 37.7% of Trichostrongylus
sp. (P<0.05), 50.8% of Haemonchus sp. (P<0.05), 7.2% of
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Table 1. Mean and standard deviation (SD) and reduction (%)
of larvae of sheep nematodes for Assay 1 and 2, using different

doses of Duddingtonia flagrans (chlamydospores/kilogram/live
weight — Chla/kg/LW).

Larvae Reduction Larvae Reduction
Chla/kg/LW _ (SD) (%) (SD) (%)
Assay 1 Assay 2
0.0 3,120.0 a 2,426.7 a
) (2650.3) (523.6)
2,187 50.0 b
(0.00625 ) (23.7) 97.94
4,375 130.0 b
(0.0125 g (77.5) 94.73
8,750 253.3b
(0.025 g) (299.6) 89.73
583,000 26.7b 30.0b
0059  (15.5) 907 (155 98.79
1,166,000 233 b 26.7b
0.1 (13.7) D7 (103 98.92
2,332,000 26.7b 26.7b
02 (103) 99.07 (5.2) 98.92
4,664,000 233 b 30.0b
(04 g) (18.6) 918 237) 98.79
9,328,000 33b 6.7b
089 5.2) 99.98 10.3) 99.73
18,656,000 6.7b 0.0b
99.77 100
(169 (5.2) (0.0)
37,312,000 0.0b 33b
100 99.87
(329 (0.0) (5.2)
74,624,000 33b 0.0b
100 100
(6.4 g) (5.8) (0.0)

Different letters in the same column are significantly different by Tukey test at
5% after One-Way ANOVA.

Bunostomum sp. and 1.8% for Cooperia sp. and Chabertia sp.
Therefore, this data corroborates with Assay 1, showing predatory
difference of D. flagrans for different nematode genera.

The data from Assay 2 corroborates with the first one, where
the concentrations of chlamydospores were able to significantly
reduce the numbers of larvae, compared to the control group
(P<0.05). Demonstrating that, not only the first dosage of
583.000 chlamydospores was efficient in the larval predatory
activity, but also the three lower dosages used, equally showing
values of great amplitude in comparison to the control group
(Table 1). This effect reaffirms the premise that the higher the
fungal dosage used, the greater the predatory activity of D. flagrans.
It can also be assumed that the difference found in the number
of larvae from the smallest dose, was significantly different from
the Control group.

Although higher, different fungal doses were used by other
authors with excellent percentages of reductions. In Malaysia,
Chandrawathani et al. (2002) tested D. flagrans at dosage of
10.000.000 chlamydospores/animal/day and observed a reduction
of up to 90% in the number of infected H. contortus larvae in
fecal cultures. It must be considered that in vitro assays, such as
the present study, require very low dosages of the fungus. This is
the case, as the fungus does not have to pass over the gut barrier,
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as the in vivo condition. It is also evident from our data that when
testing D. flagrans in animals, the fungal concentrations must be
superior to the doses used i7 vitro. This is mainly due to adversities
found by chlamydospores from ingestion to elimination by the
animals - ruminal pH, intestinal peristalsis, and competition with
the natural microbiota. Sahoo & Khan (2016) emphasized that
results drawn from in vitro studies were encouraging, and suggested
the use of fungi to control nematode larvae in the environment.

Table 1 shows the comparison of the percentage of reduction
for both assays, and we observe that above 0.8g, which corresponds
t0 4.664.000 chlamydospores, there was a statistically significant
decrease (P<0.001) of the number of larvae when compared to
the previous concentrations in both assays, similarly to the work
of Gives et al. (1998). These authors observed 88% of reduction
in the number of larvae of H. contortus in fecal cultures of sheep,
after the oral administration of 11.350.000 chlamydospores of
D. flagrans.

We suggest that the dose of 0.05g of fungal substrate
(583.000 chlamydospores) be the initial dose to be administered
to sheep, even without killing all available larvae.

Although there has been proof of the decrease of the number
of larvae by increasing the number of chlamydospores, the dose
titration of the fungal substrate administrated to the animals must
be considered to allow product optimization. Nevertheless, there is
a consensus that the eradication of parasites is not recommended,
thus keeping them in a level that does not cause any harm to the

animals (MOLENTO, 2009; PARK et al., 2015).

Conclusions

The objective to correlate the in vitro assays with oral doses,
based on live weight of the animal has proved to be a useful
methodology to be employed before in vivo experiments.
All evaluated dosages have demonstrated to be efficient (above
99% on Assay 1 and 89% on Assay 2) and the dosage of 0.05g
(lowest on Assay 1) is recommended, as it obtained high efficacy
in both assays.
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