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COPROCULTURE ASSAY FOR ESTIMATION OF IN VITRO LARVAL
REDUCTION OF SHEEP GASTROINTESTINAL NEMATODES BY

NEMATOPHAGOUS FUNGUS, DUDDINGTONIA FLAGRANS*
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SUMMARY: Gastrointestinal nematodes in sheep represent serious
problem in pastoral systems due to various production losses and significant
cost in sheep industry worldwide. One of control options for these parasites
in grazing sheep is application of nematophagous fungi to reduce number of
available infective larvae, where Duddingtonia flagrans is one of the most
promising candidates. In order to estimate effect on larval reduction in vitro,
coproculture assay was performed with theoretically generated dose of chla-
mydospores added to faeces. Total reduction rate of larvae in fungus group
compared to control was 32.45%, but without statistically significant differ-
ence in larval yields at 0.05 confidence level. Observed reduction percentage
was lower in our study compared with results of other researchers. Possible
reasons for low efficacy of fungus obtained in our study compared to other
results are very complex and some factors are discussed.

Key words: Duddingtonia flagrans, larval reduction, sheep, biological
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INTRODUCTION

The importance of gastrointestinal nematodes (GIN) of sheep, beside various
losses with significant cost for sheep industry, is much higher nowadays because of
increase of resistance to antihelmintics routinely used for helminth control (Simin et
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al, 2011). Growing public demand for food without drug residues imposes introduction
of innovative ways of controlling clinical and subclinical parasitism on pastoral farm-
ing systems, and one of options is biological control of free living stages of GIN using
nematophagous fungi with Duddingtonia flagrans as one of most promising candidates
(Lalosevic et al, 2009; Simin et al, 2011).

Chlamydospores of fungus given p/o to animals need to survive passage through
the gastrointestinal tract (GIT), to develop structures (traps) for capturing nematode
larvae in feces and to catch these larvae before they leave feces and reach the surround-
ing vegetation and soil. To achieve this, the authors recommend the use of protocols
that involve dosing with very high concentration of chlamydospores. According to this
approach, higher concentration of chlamydospores increases the likelihood to catch a
higher number of larvae. That is why the great effort was made to determine the optimal
p/o dose for maximal reduction of larvae in sheep and goat feces, but clear and consist-
ent dose-dependent effect was not confirmed (Ojeda-Robertos et al, 2008b).

In majority of experiments, the dosage for naturally infected sheep (and goats)
was per kg body weight, and the most common dose used and recomended by other
researchers was 5x10°/kg body weight (BW) (Chandrawathani et al, 2004; Epe et al,
2009; Fontenot et al, 2003; Larsen et al, 1998; Paraud and Chartier, 2003; Paraud et al,
2005; Pefia et al, 2002).

In previous search for optimal dose, researchers failed to determine the final num-
ber of chlamydospores in feces, so Ojeda-Robertos and collegues (2008a) developed a
technique for counting chlamydospores in feces, which allowed studies of the effect of
different doses of fungus on final number of spores in feces and it’s effectiveness in
reducing the number of larvae in coprocultures.

Grenvold et al. (2004) and Ojeda-Robertos et al. (2009) determined that digest-
ibility of p/o administered chlamydospores is about 90%, which means that only about
10% of total number of administered spores survive the passage through sheep GIT . If
lamb of approximately 20 kg body weight produces an average of 1200 g of feces per
day (da Silva et al, 2009), the final number of chlamydospores per gram of faeces (CPG)
after passing through the GIT of sheep can be calculated. For the most used dose (5x10°/
kg BW), this number is approximately 830 CPG.

The aim of this study was to perform coproculture assay for determination of in
vitro efficiency of biological control agent D. flagrans in reducing the number of lar-
vae of naturally infected sheep with different levels of FEC by simulating the quantity
of spores per gram of faeces which would survive passage through GIT of sheep, if
animals were dosed with most commonly used dose of 5x10°/kg BW. This approach
will provide insight into the effectiveness of fungus when dosing is based on the usual
number of spores per kg body weight, which would be helpful for generating effective
doses for in vivo studies.

MATERIAL AND METHODS

Faecal samples were taken directly from the rectum of seventeen naturally in-
fected sheep randomly selected from flock of 120 Merinoland ewes grazing near the
town of Srbobran (45.34° N; 19.48°E) in South Backa region, Vojvodina province. The
samples have been packed separately in small plastic cups, sealed and shipped to the
laboratory until the end of the day, and refrigerated until examination in the following
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two days. Samples were analyzed for determination of faecal egg counts (FEC) accord-
ing to procedure described in Simin et al. (2012) and ten positive samples with different
level of infection were selected for coproculture assay. Each sample was weighted and
divided to two equal volumes (7 g) and added to experimental (with D.flagrans) and
control group (without fungus).

D.flagrans (obtained from collection of Universite catholique de Louvian, Bel-
gium) was cultured on potato decstrose agar (PDA) for four weeks at 25°C in standard
plastic petri dishes. For collection of chlamydospores, five ml of sterile physiological
saline was added to surface of culture in each petri dish, scraped with sterile platinum
loop and collected to conical glass flask (volume 250 ml). Separation of chlamydospores
of D.flagrans from mycelia was achieved by mixing, washing and sieving technique
according to Ojeda-Robertos et al. (2005). After that procedure, satisfying separation
of chlamydospores was achieved with only few chlamydospores in chains left as con-
firmed by microscopic examination.

Quantification of chlamydospores in the suspension was done by counting their
number in ten subsamples of 5 ul taken after through mixing of the flask each time
before sampling. Suspension was stored in refrigerator at 4°C until use.

Feacal samples of sheep in experimental group was thoroughly mixed with re-
quired number of chlamydospores by calculating appropriate volume of the suspension.
Control faecal samples were mixed with equal volume of distilled water.

Coprocultures were made according to Fontenot et al. (2003) and Terill et al.
(2004), with some modifications.

Briefly, 200 ml plastic cups were cut at half, and faecal samples were mixed with
suspension of D.flagrans/distilled water in the lower half. After mixing, six small holes
were perforated in the bottom of every cup; cups were covered with cheesecloth and
turned upside down in new 200 ml plastic cup, previously filled with 10 ml of distilled
water. The cultures were incubated at 25°C for ten days and mixed twice during that
time. After incubation, the cups were filled with warm water and left overnight for
baermanisation. The next day, cups with faecal samples were removed, level of water
reduced to 50-60 ml without disturbing the sediment that contained larvae. The con-
tents were then transferred to disposable plastic wine glasses with small reservoir at the
base of the cup, and left in refrigerator for two hours. Again, water level was reduced to
1 ml, larvae were enumerated in ten subsamples of 5 ul, and data expressed as number
of larvae per gram of faeces (LPG= larval counts x 20/ grams of faeces in culture).

Larval yield was calculated as the ratio between LPG and FEC x 100 (Paraud et
al, 2005). Percentage of reduction (PR) of larvae was calculated according to Terill et
al. (2004): PR= 100 — (mean larval yield in fungus group x 100/ mean larval yield in
control group).

Two hundred and fifty larvae from control group were identified to the level of
genera according to van Wyk et al. (2004) in order to determine which parasites infect
sheep at that farm.

The comparison of larval reduction between samples was calculated with para-
metric t-test using Microsoft Excel 2007. The statistical significance of the variables
was tested at the 0.05 confidence level.
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RESULTS AND DISCUSSION

Larval populations after constant coproculture temperature (25°C) during ten
days comprised of L, and L, larvae (Table 1.) and all larval counts were included in
analysis. The results showed that total reduction of larval yield in experimental group
was 32.45% compared to control, with the mean larval yield in the fungus treated group
lower (10.98%; 95 % CI: 6.94 to 15.01) than 1n control group (16.25%; 95% CI: 9.51 to
22.99), but not statistically significant at 95% confidence level (p=0.07).

Table 1. Larval populations after coproculture in both groups

Fungus group Control group
L, (%) L, (%) L, (%) L, (%)
538 94.62 4.84 95.16

According to identification keys provided by van Wyk et al. (2004), GIN that para-
sitise sheep at this farm belong to Haemonchus contortus, Trichostrongylus spp. and
Teladorsagia circumcinta (54.8, 41.6 and 3.6 % of identified L, larvae, respectively).
FEC values from ten sheep included in the experiment, LPG values, larval yield and
individual larval reduction percentages are shown in Table 2. In four out of ten sheep
faecal cultures there was not reduction of larvae following fungal treatment. Individual
reduction rates ranged from 5.26 to 86.49 % in six remaining samples.

Table 2. FEC, LPG, larval yield values in both groups and individual larval
reduction percentage

LPG Larval yield (%)

Samples mcluded FEC (epe) Fungus Control Fungus Control | Reduction
in the study group group group group percentage

1 100 20.00 22.86 20.00 22.86 12.50

2 1110 48.57 25.71 438 2.32 0.00

90 17.14 17.14 19.05 19.05 0.00

10 70 571 14.29 8.16 20.41 60.00

11 80 11.43 20.00 14.29 25.00 42.86

13 160 14.29 17.14 8.93 10.71 16.67

14 290 40.00 34.29 13.79 11.82 0.00

15 690 42.86 42.86 6.21 6.21 0.00

16 490 5143 54.29 10.50 11.08 526

17 320 14.29 105.71 446 33.04 86.49

Average value 340 26.57 35.43 10.98 16.25 -

Total reduction of infective larvae in our study (32.45%) was low when compared
to results obtained by other authors. For comparison of results, it is important to high-
light that there are various designs of coproculture assays. There are a few available
studies where authors directly mixed different quantities of different D.flagrans fungal

258



units (chlamydospores or conidia) with faeces of domestic ruminants that contained
eggs of GIN: calves (Fernandez et al, 1999; Greonvold et al, 2004), sheep (Silva et al,
2011) and goats (Sanyal et al, 2008). Some researchers preferred to dose animals p/o,
and then to perform laboratory procedures of larval recovery (studies in sheep: Larsen
et al, 1998; Pefia et al, 2002; Fontenot et al, 2003; in goats: Terill et al, 2004; Ojeda-
Robertos et al, 2005; Paraud et al, 2005, and in both species Waghorn et al, 2003), or
to add already developed L, larvae to fungal cultures (Morgan et al, 1997, Mendoza de
Gives et al, 1999). For that reason, only results where direct mixing was performed will
be compared and discussed.

In calves, Fernandez et al. (1999) added 6250 CPG of four different isolates of
D.flagrans to study the effect on reduction of Cooperia oncophora (FEC=250 epg)
larvae on different temperature regimes, and observed reduction percentage from 63.3
to 84% for these 1solates at 20°C constant temperature. Gronvold et al, (2004) mixed
increasing concentrations of chlamydospores ranging from 250 to 200000 CPG, and es-
tablished reduction from 93% for only 250 CPG to 99% by increase of CPG (FEC=1050
epg, C. oncophora) at similar constant temperature.

In naturally infected sheep, Silva et al. (2011) mixed 1000 conidia with 20 g of AH.
contortus infected faeces and obtained 85.82% of reduction (FEC level not shown) at
26°C for 7 days. Campos et al. (2009) showed that conidia can also survive GIT passage,
though reduction rate was significantly lower when compared to chlamydospores (23.89
vs. 61.23%). Since we used chlamydospores in our study, it is hard to compare effect
with conidia even at the similar concentration (830 compared to 1000 fungal units).

True comparison can be made only with results of coproculture assay by Sanyal et
al. (2008) in goats, although sheep were included in our investigation. Sheep and goats
are parasitized with same species of GIN (Taylor et al, 2007) but goats do not develop
strong immune response to nematode infection unlike other domestic ruminant hosts
(Paraud et al, 2006). In their research, Sanyal and colleagues have mixed three levels
of chlamydospores (1000, 10, and 10° CPG) with three levels of worm eggs (FEC=100,
500 and 1000 epg). We have extrapolated the reduction percentage from their data, and
the values for 1000 CPG which was similar with our dose, were =17% for FEC=100 epg
and =50% for FEC=500 and 1000 epg. These results were not much higher than ours
(Table 2).

Reduction of larvae was different between studies, and it depended of initial FEC
value and number of mixed units of fungal material. It is clear that increase of CPG
results in higher reduction rate (Grenvold et al, 2004; Sanyal et al, 2008), but larval
density is also important stimulus for trap formation of D.flagrans (Morgan et al, 1997,
Sanyal et al, 2008). The percentage of larval development in control sheep cultures in
our study (2.32-33.04%) was higher than percentage found by Ojeda-Robertos et al.
(2005; 0.9-11.1%) and lower than the results of Terill et al. (2004; 3.9-100%) in goat
coprocultures. Regardless of that, equal/ similar values of larval yields in four samples
where reduction of larvae was absent showed that both tested groups were cultured
under same conditions and that equal opportunity was provided for larval development.
This makes fungal efficiency more obvious, even at low level of 32.45%. According to
Larsen (2000), if species of known predacious fungi are tested in laboratory experi-
ments, the researchers are more or less guaranteed some sort of positive response, de-
pending on dose and number of nematodes involved. Also it is possible that isolate of
D.flagrans used in our study is less effective than others, since Fernandez et al. (1999)
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showed different reduction rate of four isolates of fungus tested under same conditions.

Two samples yielded more larvae in fungus compared to control group. This is
possible due to unequal distribution of helminth eggs in the faeces, where coefficient
of variation of mean epg may range from 22 to 270% (Paraud et al, 2005) so different
yields may be obtained. Although temperature is standardized variable in studies, other
uncontrolled biotic or abiotic factors like consistency of faeces and thus oxygenation
for example, may have influenced the larval development and variability (Paraud et
al, 2005). Composition of larval species is different comparing to results obtained in
august at the same farm, when there was 92%, 4%, 4% (n=100 larvae) H.contortus,
Trichostrongulus spp. and Chabertia ovina, respectively (Simin, unpublished results).
H.contortus 1s still predominate species, with 55% larvae in culture. This is very im-
portant fact, considering that this bloodsucking parasite is the most pathogenic species
of sheep GIN (Sutherland and Scott, 2010), and that 5000 adults may cause loss of 250
ml of blood per sheep (Taylor et al, 2007). It must be repeated that the ultimate goal in
dosing grazing animals with nematophagous fungi is reduction of larval number on
pasture and thus lowering infection rate. Some field studies experienced great success
with reduction of larvae up to 99% (e.g. Chandrawathani et al, 2003) while other ob-
tained unsatisfying results (e.g. Rocha et al, 2007; Silva et al, 2010). In vitro studies are
conducted in order to determine the best i.e. optimal performance of fungus species in
certain conditions. Data obtained from these studies make good starting point for field
application as well as reconsideration of study design if failure occurs.

In Serbia, we have recently started to test impact of D.flagrans on sheep GIN: the
first trial tested effect on eggs (LaloSevi¢ et al, 2011) and this is our first study which ex-
amined effect on larvae. This coproculture assay design which theoretically generated
final concentration of chlamydospores for most commonly used dose of 5x10°/kg BW
is based on data obtained by others. Both Grenvold et al. (2004) and Ojeda-Robertos et
al. (2009) independently determined 10% survival rate of chlamydospores after passage
through sheep GIT, making survival rate constant variable. Total daily faecal output,
which was one of variables included in calculation of final number of CPG in our study,
is very variable and is directly related to dry matter intake and digestibility of the con-
sumed herbage (Smith and Frost, 2000). It is measurable, but special faecal collection
harness for sheep is required, if one wants to weight faeces for sheep at pasture. While
our faecal collection harness is under construction, for lamb total faecal output, we have
selected data from da Silva et al. (2009) since they have measured total faecal produc-
tion in animal while grazing. One of the reasons for low level of larval reduction in our
in vitro study may be to miscalculated number of final CPG concentration, due to dif-
ferent amount of total daily faeces produced by adult sheep at conditions at this farm.

Further studies are needed to investigate complex factors that influence reduction
percentage of larvae. In the following experiments, all parameters will be measured in
order to gain better insight for effect of fungus in given circumstances.

CONCLUSION

In this preliminary investigation, in vitro larval reduction percentage of GIN in
naturally infected sheep by nematophagous fungus D.flagrans was estimated using co-
proculture assay, and the total reduction percentage was 32.45%. Although low, the
results of larval reduction from this experiment are not discouraging. Since Haemon-
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chus contortus 1s very present species at this farm, the fact that there can be even 30
% less larvae available at the pasture, may be the difference of life and death for some
individuals, especially young, old and reconvalescent sheep. Also, this may be valuable
fact for preventing and lowering subclinical losses, which are costly in grazing sheep
due to parasitic gastroenteritis (West et al, 2009).

Further research is already in progress with modified protocols in order to im-
prove in vitro efficiacy of this biocontrol agent, since the final aim is successful (in vivo)
application in grazing sheep naturally infected with these parasites and measure of the
effect of D.flagrans on pasture infectivity.
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Izvod

Zeludagno-crevne nematode ovaca predstavljaju znadajan problem primenom sis-
tema napasanja zbog razli¢itih proizvodnih i znacajnih finansijskih gubitaka u ov¢arskoj
pasnih ovaca je primena nematofagnih gljiva u smanjenju broja raspolozivih infektivnih
larvica, medu kojima je vrsta Duddingtonia flagrans kandidat koji najvise obecava. U
cilju procene efekta redukcije larvica u in vitro uslovima, uraden je test koprokulture
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sa teorijski generisanom dozom hlamidospora koja je dodata u feces. Ukupna redukcija
larvica u oglednoj grupi je iznosila 32,45% u poredenju sa kontrolnom, ali nije bilo
statisticki znacajne razlike u prinosu larvica na nivou znacajnosti 0,05. Redukcija dobi-
jena u nasem ogledu je niZza u odnosu na rezultate drugih autora. Potencijalni razlozi za
nisku efikasnost gljive u ovom istrazivanju u poredenju sa drugim rezultatima su veoma
sloZeni 1 neki faktori su analizirani u diskusiji.

Kljuéne redi: Duddingtonia flagrans, redukcija larvica, ovce, bioloska kontrola,
test koprokulture.
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