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Abstract

Gastrointestinal nematodes are of concern in sheep production because of production and eco-
nomic losses. Control of these nematodes is primarily based on the use of anthelmintic treatment
and pasture management. The almost exclusive use of anthelmintic treatment has resulted in de-
velopment of anthelmintic resistance which has led to the need for other parasite control options to
be explored. The blood sucking abomasal parasitic nematode Haemonchus contortus causes severe
losses in small ruminant production in the warm, humid sub-tropic and tropics. This study evaluated
the effectiveness of a nematode trapping fungus, Duddingtonia flagrans, in reducing availability
of parasitic nematode larvae, specifically H. contortus, on pasture. Chlamydospores of D. flagrans
were mixed with a supplement feed which was fed daily to a group of crossbred ewes for the
duration of the summer grazing season. A control group was fed the same supplement feed with-
out chlamydospores. A reduction in infective larval numbers was observed in fecal cultures of the
fungus-fed group. Herbage samples from the pasture grazed by the fungus-fed group also showed
a reduction in infective larvae. There were no significant (P > 0.05) differences in overall fecal
egg count, packed cell volume or animal weight between fungus-fed and control groups. Tracer
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animals were placed on the study pastures at the end of the study to assess pasture infectivity.
Although tracer animals were only two per group, those that grazed with the fungus-fed group
had substantially reduced (96.8%) nematode burdens as compared to those from the control group
pasture. Results demonstrated that the fungus did have activity against nematode larvae in the feces
which reduced pasture infectivity and subsequently nematode burdens in tracer animals. This study
showed that D. flagrans, fed daily to grazing ewes, was an effective biological control agent in
reducing a predominantly H. contortus larval population on pasture.

© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Several gastrointestinal nematodes of the family Trichostrongylidea cause parasitism in
sheep. Of these, Haemonchus contortus is the predominant one in tropical and subtropical
regions of the world. It is also the most pathogenic because it is a blood feeder and with
heavy infections animals become severely anemic and can die. Otherwise, as a group these
nematodes cause production losses (decreased weight gain, weight loss, reproductive inef-
ficiency, etc.) and thus, economic losses. In efforts to reduce or prevent such losses, control
of gastrointestinal nematodes has been primarily achieved through the use of anthelmintic
treatment programs with some emphasis on pasture management. The almost exclusive use
of anthelmintic treatment has resulted in nematode populations that have developed resis-
tance to multiple anthelmintic chemical classes and compromised pasture management due
to reduced availability of parasite safe pastures (Sangster, 1999).

A need exists for alternative control measures that do not rely as heavily on these tra-
ditional methods. In addition to anthelmintic resistance, there is an increasing awareness
of issues involving environmental contamination with chemicals and consumer pressure to
reduce drug residues in meat and meat products that may influence the use of anthelmintics
(Larsen, 2000). Alternative control options currently available include breeding for genet-
ically resistant animals (Gasbarre and Miller, 1999) and strategic use of anthelmintics in
conjunction with an eye color chart that reflects the level of anemia caused by H. contortus
infection (FAMACHA, Vatta et al., 2001). Alternative control options under development
include nematode vaccines (Knox and Smith, 2001), tannin containing plants (Athanasiadou
et al., 2001) and the use of various biological control agents. One such biological control
measure is using a nematode trapping fungi, which destroys larval stage nematodes in feces
by using a sticky hyphal network (Grgnvold et al., 1993a; Waller and Faedo, 1996). In
order to trap larvae in the feces, the fungus must be able to survive passage through the
gastrointestinal tract. The thick walled chlamydospores of Duddingtonia flagrans are able
to survive environmental rigors and in comparison with other species of nematode trapping
fungi, have been shown to be superior in survival through the ruminant gut (Larsen et al.,
1992, 1994; Faedo et al., 1997; Llerandi-Juarez and Mendoza de Gives, 1998).

Studies conducted in vitro have demonstrated the trapping ability of D. flagrans in feces
(culture per pats) (Larsen et al., 1991; Grgnvold et al., 1999; Pefia et al., 2002). Studies have
also shown that feeding D. flagrans chlamydospores was successful in reducing levels of
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parasitic nematode larvae (predominately Ostertagia) on pasture grazed by calves (Larsen
etal., 1995; Nansen et al., 1995; Fernandez et al., 1999a) and Ostertagia and Trichostrongy-
lus infections in lambs (Githigia et al., 1997). There is no information available on using
nematode-trapping fungi in ewes and/or for controlling H. contorus. The objective of this
study was to evaluate the efficiency of daily feeding of D. flagrans chlamydospores in
reducing the level of parasitic nematode larvae (predominantly H. contortus) on pasture
grazed by mature dry ewes during the peak period of infection in Louisiana.

. 2. Materials and methods

2.1. Animals

2.1.1. Ewes

Thirty F; (Gulf Coast Native x Suffolk) ewes (1-3 years of age) with a fecal egg count
(FEC) of 0 eggs per gram (EPG) of feces were randomly allocated into either a treatment
(fungus-fed) or control group consisting of 15 animals each. Ewes were maintained on
pasture for a period of 18 weeks from mid-June through October, 2000 at the Ben Hur
Research Farm, Louisiana Agricultural Experiment Station, Baton Rouge, Louisiana USA.

2.1.2. Tracer lambs

Four Gulf Coast Native lambs (6 months of age) were used as tracer lambs (two in each
pasture) during the last 3 weeks of the grazing period. Three weeks prior to grazing, lambs
were placed on concrete (to prevent any further infection) and dewormed (see Section 2.5).

2.2. Pasture

A 2.44 ha perennial bermuda grass pasture was divided equally into two 1.22 ha pastures.
Pastures had been grazed previously by nematode parasite infected sheep.

2.3. Fungus treatment protocol

D. flagrans spores were provided by Christian Hansen (Hgrsholm, Denmark) as a granular
product containing 1.0 x 107 spores per gram. Spore dosage for the fungus-fed group was
5 x 10° spores per kg of body weight (BW). Both groups were fed 6.8 kg of a pelleted
maintenance ration each day. The appropriate amount of spore material was mixed with
the feed of the fungus-fed group and a small amount of water was added to enhance spore
material adherence. Feed was dispensed in bunks under cover that provided adequate space
for all animals to have equal access. Ewes were weighed at the beginning and at 2-week
intervals to adjust the dose.

2.4. Fecal and blood sampling

Fecal and blood samples were collected weekly from each ewe and tracer lamb. Fe-
cal samples were collected directly from the rectum and processed using a modified
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McMaster technique to determine the FEC (Whitlock, 1948). Blood was drawn by jugu-
lar venipuncture in 7ml EDTA vacutainer tubes and the packed cell volume (PCV) value
was determined using a microhematocrit centrifuge (Autocrit, Bectin Dickinson,
Parsippany, NJ).

2.5. Deworming protocol

Individual ewes were dewormed with albendazole (Valbazen®, 10 mg/kg by oral drench)
and levamisole (Levasole®, 8.8 mg/kg by subcutaneous injection) if the PCV value was
15% or lower or if the value dropped five percent or more within the weekly sampling
period. Tracer lambs were dewormed with both of these anthelmintics on two consecutive
days.

2.6. Animal weights

All ewes were weighed every 2 weeks by passing through a portable sheep scale subse-
quent to sample collection. Weights were used to determine weight changes between the
two groups and the weights of the fungus-fed group were used to adjust the amount of
fungal spore material to maintain the dosage.

2.7. Fecal cultures

Feces were cultured from individual animals that had an FEC greater than 0 EPG. Since
no larvae could be expected to be recovered from feces with a 0 EPG, the number of sam-
ples processed varied from week to week. In a 100 ml plastic cup, 10 g of feces was mixed
with approximately 7 g of vermiculite, and water was added until a moist crumbly con-
sistency was achieved. The cup was covered with cheesecloth and inverted into a 200 ml
plastic cup which contained 4-5 ml of water. The water and cheesecloth interface was not
allowed to touch. Cultures were placed in sealed plastic bags to ensure that an adequate
moisture level was maintained. Cultures were kept for 10 days at room temperature (24 °C)
at which time they were removed from the plastic bag and warm water (approximately
50°C) was added to the top of the larger cup completely immersing the culture material.
After 24 h, the cup containing the culture material was carefully removed so as not to dis-
turb the sediment containing the larvae in the second cup. After 1-2h, the supernatant
was then carefully siphoned off until approximately 14 ml remained. The solution was then
thoroughly mixed and transferred to a 15 ml centrifuge tube. One milliliter of formalin was
added to preserve the contents and the tubes were stored at room temperature. Sedimented
samples were further processed by carefully siphoning off the supernatant to achieve a
volume of 1ml. The sediment and remaining supernatant were thoroughly mixed and a
100 pl representative sample was removed, placed on a microscope slide, covered with a
cover slip and the number of L3 were counted at 100x power. This number was multi-
plied by 10 to estimate the total number of L3 recovered. The first 100L3; encountered in
each sample were identified to genus (Ministry of Agriculture, Fisheries and Food, 1977).
The total number of L3 was divided by 10 to get the number of L3 per gram (LPG) of
feces.
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2.8. Percent reduction

The number of L3 recovered from cultures was used to calculate the percent reduction
as:

b control mean LPG — fungus-fed mean LPG
percentreduction = x 100
control mean LPG

2.9. Herbage sampling

Herbage samples were collected every 2 weeks to determine the infective potential of
each pasture. While walking a W-shaped route across each pasture, 25 samples per pasture
were collected at approximately equal intervals along the route. All samples as they were
collected from each pasture were placed in a plastic bag (20 cm x 55 cm). At each collection
point, a wire square (approximate area of 400 cm?) was tossed in the air and where it landed
all the herbage within the square was collected by clipping with a grass cutter to ground
level. If the wire square landed on a fecal mass, it was tossed again. A small amount
(25-30 g) of herbage from each pasture was removed, weighed (g, wet weight) and oven
dried (52 °C) for 7 days. The sample was weighted again (g, dry weight) and the percent
dry matter was calculated as wet weight minus dry weight divided by wet weight times
100. The remaining herbage sample for each pasture was weighed (kg) and placed in a
301 foot tub with enough water to completely cover the herbage. Five milliliters of liquid
detergent was added to break surface tension. The samples were allowed to settle overnight.
The following day the herbage was removed, rinsed, and discarded. The rinse water was
added to the tub. The contents of the tub was then subjected to a series of sedimentations at
3—4 h increments that included carefully pouring off and discarding approximately 75-80%
of the supernatant. At each step, the contents were thoroughly mixed and transferred to
smaller containers, 30 to 15 to 5 to 1L and finally to a 500 ml volume from which two
25 ml aliquots were transferred to 50ml screw top centrifuge tubes. Five milliliters of
formalin was added to preserve the contents and the tubes were stored at room temperature.
Samples were further processed by carefully vacuuming off the supernatant until 10 ml
remained. After thorough mixing, three 100 pl subsamples were taken to count the number
of L3 present. The mean of the three subsamples was multiplied by 500 to estimate the
total number of L3 in the herbage sample. The number of L3 per kg of dry matter was
estimated by dividing the number of L3 in the herbage sample by the herbage sample dry
weight.

2.10. Necropsy of tracer lambs

The gastrointestinal tract was removed for nematode (immature and mature) recovery,
enumeration, and identification in accordance with established procedures (Miller et al.,
1987). The recovery procedure was modified slightly from that reported in that organ con-
tents were brought to a volume of 51 (instead of 101) and a 500 ml (instead of 11) aliquot
was taken. After a 2h sedimenting period, 50ml (instead of 100 ml) of supernatant was
poured off and replaced with 50 ml (instead of 100 ml) of formalin.






