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B Reduction rate of nematode egg counts and third-stage larvae development

from sheep and goat faeces preserved at 4°C

Drimtzia A., Papadopoulos E.
Laboratory of Parasitology and Parasitic Diseases, School of Veterinary Medicine, Faculty of Health Sciences,
Aristotle University of Thessaloniki

B PuOpéc peioong tov apipod avy@v TOV VIHATOIAY TapaciTOVY Kot
™G £EEMENG TOV TPOVORPAV TOVS GTO TPITO GTAOL0 GE KOTTPA VO,

npofaTmv Kol ary@v 1OV GVVTNPOVVTOL 6TOVG 4°C

Apiptluo A., Ilaradomoviog H.
Epyootipio Hopaoitoloyiag ko Hopaortikov Noonuarwv, Tunjua Kinviozpixng, Xyoin Emotquov Yyeiog,
Aprorotédero Tavemaoriuio Osooaiovikng

ABSTRACT. Gastrointestinal nematode parasites cause major production losses to small ruminants. The most common
way to diagnose or monitor the worm burdens in sheep and goats remains the quantitative parasitological examinations, i.e.
the faecal egg counts. However, the reliability of the results of such methods depends greatly on the conditions and duration
of the storage of the faccal samples prior to examination. The aim of this research was to evaluate the reduction rate and the
maximum storage period, without significant losses, of nematode egg counts and third-stage larvae development from sheep
and goat faeces preserved at 40C. Towards this end, a pooled faecal sample was formed by collecting faeces from naturally
infected sheep and goats (separately). Faecal egg counts and coprocultures were performed on fresh faeces and on preserved
ones every week and up to 119 days post sampling. It was concluded that the preservation at 4°C, i.e. into a refrigerator,
of fresh faeces from sheep and goats for parasitological examinations poses danger of misdiagnosis, if not performed in a
period not exceeding 3 weeks of time. The rate of reduction of the faecal nematode egg counts starts to be significant lower
than the ones performed with fresh samples, for both sheep and goats, after the third week of storage. The percentage of the
gastrointestinal nematode larvae developing to the infective third—stage alters significantly for the Haemonchus genus, soon
after the first week of storage (p<0.05).

Keywords: nematode egg counts, larvae development, storage, sheep, goats

Correspondence: Dr Elias Papadopoulos,

Laboratory of Parasitology and Parasitic Diseases, School of Veterinary Medicine,
Faculty of Health Sciences, Aristotle University of Thessaloniki, University campus,
54124 Thessaloniki, Greece

e-mail: eliaspap@vet.auth.gr

Date of initial submission: 08.04.2014
Date of revised submission: 29.05.2014
Date of acceptance: 31.05.2014



178 DRIMTZIA A., PAPADOPOULOSE.

IMEPIAHWYH. O yoaoctpsviepikdc mopacITIonog TPOKAAEl ONUOVTIKEG ATOAEIES TAPAYDYHS GTA UIKPE UNPUKOGTIKG. O
GVYVOTEPOG TPOTOG S1AYVMOONG 1| TAPUKOAOVONGNC TOV EMUTESOV TAPAGITIGLOD GTO TPOPATA KOl TIG 0iyEG EIVOL O1 TOCOTIKEG
mopacitoloyikés e€etdoelg Kompavmy. Qotoco, N aélomiotia tov nefddwv avtdv Paciletal koTd TOAD 671G GLVONKES Kat
™ d1dpketa amobnKevong TOV KOoTpavey mpv Ty e&étacn. O okomdg g Tapovcos Epguvag fTav N a&loAdynon tov puvb-
LoV OmMAELNG T®V OVYOV Kol 0 KaHOopIoUOG TOV HEYIGTOV XPOVOL GUVTIPNONG TOV KOTPAV®V 6Tovg 4°C ympig oNUovTIKES
tétolec anmAgleg. Emiong, o kabopiopdg tov Héylotov xpOvou GLVTNPNONG TOV KOTPAVOV Y®PIc ONUAVTIIKN nidpacn otV
e€EMEN TV TPpOVLLE®OV 6TO 3° (LOADVOV) 6TAd10. ['lal TO 6KOTO AV TO GVAAEXONKE £va opadiko delypa Komphvav, EExmPLoTa
yio TpdPata Kot aiyes, amd PLOIKMOG LOAVGUEVO, PIKPA pnpukacTikd. Ta koTpava eEetdodnkay epéoKa KATA TNV NUEPA TNG
GLAAOYNG TOVG Kal o€ gfdopadiaio ¥povikd SlacTNUATA, KATA T GVVINPNOoT Tovg 6Tovs 4°C, €wg 119 nuépeg petd ™ ovi-
Aoyn Tovg. Tavtdypova HEPOG TOV KOTPAV®V, TIG 101€G ¥POVIKEG OTIYUEG LLE TNV TOGOTIKN €EETAOT Yot ALY, KOAALEPYOVLVTOV
Yo TNV eKKOAYT Kot EEEMEN TV TPOVLLPOV 6T0 3° (LOAHVOV) 6TAd10. AlaToT®ONKE OTL 1| GLVINHPNOT TOV KOTPAVOV OO
npofoata kat aiyeg otovg 4°C, yio mapdderypo 61o yoyeio, 6tav tpoopilovtal yio mapacitoroyikés eEETACELS EYKVHOVEL KLv-
d0voug AavBaoévng d1dyvmong, EGv eV TPOYULATOTOLOVVTIOL GE XPOVIKO S1dcTn o To omoio dev vepPaivel Tig 3 efdopddes.
O puOUOG TNG ATOAELNG TOV AVYAV TOV TAPAGITOV GTA KOTPUVO apyilel va YIveTal GNUOVTIKA YUUNAOTEPOS GUYKPLTIKA LLE
o ppéoko deiypota, petd v 3" efdopndada cvvtipnong otovg 4°C. To 060616 ™G €£EMENG TV TPOVLUPOV 6T0 3° 6TAS10
petofdrietor onpaviikd yio to yévog Haemonchus opéomg Hetd tnv mpdtn efdopdda cuvtipnons tov korpavev (p<0,05).

AéGerg evpeTnpracuot: Avya vijuatwomv, €l Tpovoupwv, GOVTHPNOH KOTPOAVWY, TPOLOTa, Alyes

INTRODUCTION

astrointestinal nematode parasitism is one of the

most common infections in livestock and it remains
worldwide one of the greatest limiting factors in any
successful sustainable ruminant livestock production
system. It can cause major production losses to small
ruminant industry, along with a significant decrease of
animal welfare, if this condition is not diagnosed and
managed properly (Mavrot et al., 2015).

The most common way to diagnose or monitor the
worm burdens in sheep and goats remains the quantita-
tive parasitological examination for the faecal nematode
egg counts, expressed as ‘eggs per gram’ (EPG) of faeces
(Taylor et al., 2007). This number is an indication of the
adult worm burdens in the gut, though it should be stressed
that no precise and direct correlation exists between EPG
counts and the adult worm burdens within the host.
Additionally, the estimation of the faecal EPG counts is
a useful tool to check if a drug still remains effective, to
indicate the relative susceptibility of individual animals
to parasite infection and, most important, to be used in
conjunction with other information to design and evaluate
sustainable parasite control programs for small ruminants.
This is of significant need in order to improve parasite
management in sheep and goats, particularly in face of
challenges, such as the development of anthelmintic
resistance (Jackson and Coop, 2000; Papadopoulos, 2008;
Jackson, 2009; Morgan and Coles, 2010; Learmount et al.,
2015). Modern parasite control approaches of ruminants,

i.e. targeted selective treatments, are based largely on the
faecal nematode egg counts estimated individually in order
to select the animals in need for treatment. In such cases
the reliable nematode faecal egg counts estimation is of
vital importance to conclude and design correct action
steps towards the effective parasite control (Gallidis et
al., 2009; Kenyon et al, 2009; Papadopoulos et al., 2012).

The reliability of the results of the parasitological
methods depends greatly on the conditions and duration
of the storage of the faecal samples prior to examina-
tion, when for various reasons they cannot be performed
immediately after the sampling, It is known that eggs from
various nematode species hatch in different temperatures
and the larvae development is also greatly influenced by
the temperature (McKenna, 1998; Nielsen et al., 2010).

The aim of this research was to evaluate the reduction
rate and the maximum storage period, without significant
losses, of nematode egg counts and third-stage larvae
development from sheep and goat faeces preserved at 4°C.

MATERIALS AND METHODS
Faecal samples and parasitological methods

Three semi-extensive mixed flocks, i.e. keeping
sheep and goats together, were selected from the same
area near Thessaloniki, Northern Greece (40°38°27°N,
23°01°29’E) under the criterion to be naturally heavily
infected with a mixture of gastrointestinal nematodes
including different species, as known from previous
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examinations. All animals of the above flocks were of
dairy breeds/cross-breeds grazing daily and they have
not been treated recently with anthelmintics for a period
of more than 6 months.

A pooled faecal sample was formed by collecting
faeces directly from the rectum of randomly selected
animals within the 3 flocks. Faecal samples from sheep
were pooled separately from the ones from goats. As
soon as they were collected, within 2 hours, they were
transferred to the Laboratory of Parasitology and Para-
sitic Diseases of the School of Veterinary Medicine, for
further proceeding.

The nematode egg counts per g of faeces (EPG)
were carried out using the modified McMaster method
(MAFF, 1986). On each examination day, a faecal sam-
ple was also put for coproculture for 10 days at 250C
(MAFF, 1986) in order to allow eggs to develop to the
3r-stage larvae, which were collected using the Baer-
man method and identified according to morphological
keys (Van Wyk et al., 2004).

Experimental design

The individual faecal samples, separately per ani-
mal species, were pooled together and homogenised
thoroughly by means of an electric mixer. They were
put into a plastic bag each, which was clearly marked
as sheep or goats, closed firmly to maintain moisture
and left for storage. Both bags were stored into the same
refrigerator at 4°C, which was monitored to record any
accidental big deviation of the temperature.

Before each later sub-sampling from the storage
bag, a careful mixing of the faeces was performed and 4
samples of 3g each, from different sites of the bag con-
tent, were taken for EPG counts (a total of 12g). These
4 samples were tested separately and each of them was
used to fill 2 McMaster plates. In this way, a mean EPG
number per day of examination was calculated from
8 different recorded counts. All the EPG counts were
made by the same person (DA).

In parallel, a portion of 5g was similarly taken (a total
of 20g) from each bag and put for coproculture, accord-
ing to the methods described above (MAFF, 1986).

The faecal EPG counts and the relevant coprocul-
tures started on the faecal collection day (fresh faeces
—DO0), they were repeated every week for the next 2
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Figure 1: Nematode egg counts per g of faeces during the study
period (D0-D119)

months (D7 up to D63) and thereafter every two weeks
(D77 up to D91), while the last ones were performed
on D119 (end of the experiment).

Statistical analysis

The faecal egg counts of the fresh faeces were
compared with the ones of the preserved faeces at each
examination point using the t test (SPSS v16.0) with
confidence intervals of 95%.

RESULTS

Both, sheep and goats, pooled faecal samples were
found to contain high nematode egg counts, as confirmed
by the parasitological examination. More precisely, the
fresh faeces, when examined on the day of collection
(D0), contained a mean number of 687.5 and 1593.75
nematode eggs per g of sheep and goats faeces, respec-
tively (Figure 1). Nematode eggs could be recovered
from the stored faeces at 4°C during the whole study
period (up to D119). However, after 3 weeks (D26) of
storage the EPG counts started to decrease significantly
for both animal species (p<<0.05). The reduction of the
recovery rate of nematode eggs from the sheep and goats
faeces preserved at 4°C is presented in Figure 1. Further-
more, goats facces were found to contain significantly
higher EPG counts than sheep, despite the fact that both
animal species were kept together (p<0.05).

The coprocultures from the fresh faeces contained
third-stage larvae from the most common gastrointestinal
nematode genera, i.e. Teladorsagia 32.7% and 35.6%,
Haemonchus 22.5% and 19.0%, Trichostrongylus 18.9%
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Table 1: Percentage (%) of third-stage larvae identified in the coprocultures of sheep faeces stored at 4 °C for different time periods

Days of storage at 4 °C

Nematode genera

(L3) 0 7 14 21 28 35 42 49 56 63 77 91 119
Haemonchus 225 19.1 11.1 100 81 83 66 52 41 46 23 20 22
Teladorsagia 327 342 349 348 365 442 392 384 352 33.7 38.0 37.0 39.1
Trichostrongylus 189 182 212 258 273 26.1 253 266 229 208 21.1 182 20.0
Cooperia 75 76 11.7 84 83 6.1 78 7.0 50 75 65 80 85
Others* 184 209 21.1 21.0 19.8 153 21.1 228 32.8 334 32.1 348 30.2

*Others include the genera of Chabertia, Bunostomum and Oesophagostomum

Table 2: Percentage (%) of third-stage larvae identified in the coprocultures of goat faeces stored at 4 oC for different time periods

Days of storage at 4 °C

Nematode genera

(L3) 7 14 21 28 35 42 49 56 63 77 91 119
Haemonchus 190 202 140 7.1 44 51 32 29 35 27 12 19 29
Teladorsagia 35.6 33.8 382 352 377 369 448 398 38.8 413 42.0 428 422
Trichostrongylus ~ 22.1  20.0 24.0 27.4 281 27.5 179 21.1 209 22.0 25.6 20.0 23.1
Cooperia 140 11.2 11.7 94 119 88 98 119 65 85 80 6.0 45
Others* 93 148 12.1 209 179 21.7 243 243 303 255 232 293 273

*Others include the genera of Chabertia, Bunostomum and Oesophagostomum

and 22.1%, Cooperia 7.5% and 14.0%, Chabertia/Bunos-
tomum/Oesophagostomum 18.4% and 9.3% for sheep and
goats, respectively. All genera could be developed and
detected in the coprocultures up to the end of the study
period (D119). The only dramatic reduction in the overall
percentage composition was noticed for Haemonchus
larvae, which were significantly decreased after the first
week (D7) of storage (p<0.05). On the contrary, Telador-
sagia L3 seem to remain unaffected by the different stor-
age periods. Not a valid conclusion could be drawn for the
rest of genera, since such a study requires monospecific
coprocultures and it was outside of the scope of this study.
The detailed results for the L3 identification throughout
the study period are presented in Tables 1 and 2 for sheep
and goat faecal samples, respectively.

DISCUSSION

The aim of this research study was to estimate the
maximum period of storage of sheep and goat faeces

prior to examination, at 4°C, without significant reduction
on the gastrointestinal nematode egg counts. It was also
investigated the possible influence of such preservation on
the egg hatching and the development of larvae, belonging
to different genera, up to the infective 3-stage.

It is a common practise worldwide to store faecal
samples after collection into the refrigerator in order
to preserve them (reduce hatching) and avoid missing
parasitic elements leading to the underestimation of
the level of parasitism. In some cases, such samples
may be preserved prior to examination for long periods
(McKenna, 1998; Nielsen et al., 2010). The pooled
faecal samples used in this study were found to have
significant different nematode egg counts between
sheep and goats. This is a common observation, even
in cases where both animal species are kept under the
same management system (Papadopoulos et al., 2003).

The parasitological examination of sheep and goat
faeces still remains the most commonly used diagnostic
tool of gastrointestinal parasitism, compared to other
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more sophisticated and expensive alternatives, which
use modern molecular methodologies (Taylor et al.,
2007; Roeber et al, 2012). Furthermore, the number
of nematode eggs per g of faeces represents important
information to base most anthelmintic control strate-
gies in order to avoid the development of anthelmintic
resistance (Papadopoulos, 2008; Sargison, 2011). Such
strategies require the knowing of the level of parasitism
in order to differentiate the heavily infected animals,
which need anthelmintic treatment, from the non or
very little infected ones, which do not need treatment
and maintain a part of the worm population in refugia,
i.e. not exposed to anthelmintics (Kenyon et al., 2009).

On the other hand, the differentiation of the stron-
gyle eggs according to the parasite genera is an impor-
tant complement to the parasitological examination of
facces (Wan Wyk et al., 2004). This can be done by
culturing the faeces to allow the egg hatching and the
development of the larvae to the third-stage, which can
be identified to species (Banks et al., 1990; Wan Wyk et
al., 2004). The nematode larvae identified in this study
represent the most common genera parasitizing small
ruminants in Greece. The most dominant small ruminant
gastrointestinal nematode parasites in our country are
Teladorsagia circumcincta and Haemonchus contortus,
followed by other genera in smaller percentages, such
as Trichostrongylus, Chabertia, Cooperia and others
(Papadopoulos et al., 2003; Gallidis et al., 2009). Among
them, Teladorsagia and Haemonchus genera have devel-
oped anthelmintic resistant strains in Greece, a fact
that makes their monitoring most important in regional
epidemiological surveys or parasite control schemes
(Gallidis et al., 2009, 2012). According to the findings
of this study, 7eladorsagia spp. development was not
significantly affected by the storage period (p>0.05). On
the contrary, Haemonchus spp. larvae failed significantly
to develop after one week of storage at 4 °C, a fact that
partly may be due to the tropical or subtropical character
of this parasite (Taylor et al., 2007).

Worms of the various genera produce different
number of eggs per day. For example, Haemonchus
contortus is one of the most fecund nematode (individual
females are capable of producing thousands of eggs per
day), while Teladorsagia circumcincta females are less
fecund than H. contortus, with an average egg produc-
tion of 100-200 eggs per female per day (Roeber et al.,
2013). In such cases, the storage of the faecal samples

seems to be of high importance. Furthermore, the effects
of cold storage of infective third-stage larvae (L3) of
different isolates of the parasitic nematode Haemon-
chus contortus were studied with respect to infectivity,
pre-patent period and propensity for larval arrestment.
Two complementary experiments were conducted with
2 groups of lambs, where each animal was inoculated
with 2000 H. contortus L3, of either Swedish or Kenyan
origin. In a first experiment, L3s were cold treated at 5
oC for 9 months prior to infection, whereas in a second
experiment larvae were newly hatched. Individual fae-
cal egg counts and worm burdens were determined for
each experiment. The results showed that the greatest
differences were associated with the pre-treatment of
larvae. The pre-patent period and the FECs differed
significantly between the experiments but not between
the isolates used in each experiment. However, the extent
of hypobiosis was significantly different between the
two isolates when fresh larvae were used (36% Kenyan
isolate and 70% Swedish). The storage of H. contor-
tus at 5 °C had no apparent effect on the infectivity of
L3s, as high establishment ranging from 43 to 74%
were observed, irrespective of isolates used. This study
showed that H. contortus exhibited similar phenotypic
traits regardless of geographical origin. Thus, there was
limited evidence for adaptations to temperate climatic
conditions (Troell et al., 2006). Nevertheless, the results
of the above experiments provide useful information on
the treatment (cold storage) of the faecal material which
is going to be used for further experimental trials includ-
ing artificial inoculation of animals.

Additionally to ruminants and horses (McKenna,
1998; Nielsen et al., 2010), fresh faecal specimens from
deer were also examined for nematode eggs (primarily of
the genera Haemonchus and Ostertagia), using a flotation
technique, and then were re-examined for up to 200 days
after storage in 2.5, 5 or 10% formalin, absolute methyl
alcohol, or 70% ethyl alcohol at room temperature (20
C) or after storage without preservative at 4, 0, or -20 °C
(Foreyt, 1986). For long-term storage, 10% formalin was
the best fixative for recovery of eggs (compared with the
rate of recovery of eggs from fresh faeces). Approximately
50% of the strongyle eggs were detected in faeces stored
in formalin for 200 days. However, between days 3 and
10 of storage, the recovery rate was low (less than 50%),
presumably due to ion binding. Alcohols were unsuitable
for preservation, and storage at 0 or -20 °C resulted in an
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egg recovery rate of less than 50%. Storage at 4 °C for 50
days resulted in approximately 90% recovery of nema-
tode eggs. Number of Parelaphostrongylus tenuis larvae
recovered from faecal specimens stored in 10% formalin
for 24 days was greater than that recovered from fresh
faecal specimens (Foreyt, 1986). In our case, the duration
of the recovery of nematode eggs from small ruminant
faeces, in similar numbers to the fresh ones, were 3 weeks
as after 4 weeks of storage the recovery rate started to
reduce significantly (p<0.05). However, it is useful to
state that the nematode eggs (though in smaller numbers)
could be detected in the faeces of sheep and goats up to
the end of the study period. In other words, faccal samples
stored in the refrigerator for long periods, can be used to
diagnose the presence of parasite eggs, but not the numbers
of them. On the contrary, in case we need to identify the
larvae genera present in the faecal samples, particularly

Haemonchus spp., it is strongly recommended, according
to our findings, to perform the coproculture using fresh
faecal material.

CONCLUSIONS

It was concluded that the preservation at 4°C, i.e. into a
refrigerator, of fresh faeces from sheep and goats for para-
sitological examinations poses danger of misdiagnosis, if
performed in a period exceeding 3-4 weeks of time post
sampling. The rate of reduction of the faccal nematode
egg counts starts to be significant lower than the ones
performed with fresh samples, for both sheep and goats,
after the third week of storage. The percentage of the gas-
trointestinal nematode larvae developing to the infective
third—stage alters significantly for the Haemonchus genus,
soon after the first week of storage. [
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