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Abstract: Control of the gastrointestinal parasites in different systems of ruminant breeding is
based on vaccination, chemotherapy, improved herd management and use of genetic potentials of
host animals. Strategy of the helminths control based on frequent anthelmintics usage is dominant
among the world, although it is considered unsustainable due to the appearance of increased number
and species of parasites that are resistance to drugs. Development of resistance on all three groups
of broad-spectrum antihelmintics (nicotinic anthelmintics, benzimidazoles and macrolides lactones)
as well as increased care for consumers heath caused by appearance of used drugs residues in food,
additionally complicate overall nematode control. With the aim to decrease appearance of anthel-
mintics resistance of gastrointestinal nematodes of small ruminants and in order to organize process
of sustainable integrated parasite management, principle of targeted selective treatment is globally
accepted. Implementing of this strategy has only recently become feasible, with development and
practical use of systems that serve for clinical assessment of anemia in small ruminants which suffer
from hemonchosis. Besides that, short term changes in body weight and body condition scoring may
be indicators of diseases caused by endoparasites, as it can provide rapid identification of animals
that will probably have benefits from therapy. Obtained results of quantitative coprological diagnos-
tic tests and results for anemia assessment are criteria that provide differential diagnosis between
healthy and resilient animals and easier diseases diagnostic. Since resilient animals play important
role in pasture contamination, the significance of their detection is understandable.
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INTRODUCTION

Parasitic gastroenteritis is economically the
most important disease of grazing animals,
which is mainly controlled, during last five dec-
ades, by adequate organization of grazing and
anthelmintics usage. Grazing management sys-
tems are mainly impractical and expensive,
whilst the frequent use of anthelmintics has led
to problems related to increased resistance of
parasites to antiparasitic drugs, especially in
young ruminants (Varady et al., 2011). Appear-
ance of resistance was observed among the
world in all three broad-spectrum anthelmintics
— nicotinic anthelmintics (imidazothiazole and
tetrahydropyrimidine), benzimidazoles and
macrolides lactones, that are used in sheep
breeding for suppression of infections cause by
strongyloidiasis ~ (Coles et al, 2006,
Vidyashankar et al., 2012, Salgado and Santos,
2016). Decreased efficiency of anthelmintics
combined with attempt to reduce chemical usage
in production systems have stimulated search for
alternative and sustainable options for parasite
control and have resulted in appearance of new
classes of anthelmintics on market (amino-
acetonitrile ~ derivate  and  spiroindoles)
(McManus at al., 2014).

Development of resistant helminth strains is
an evolutionary characteristic based on intra-
population selection of those parasites that carry
alleles responsible for resistance on chemical
components from drug. Long-lasting usage of
the same antiparasitic drug, or agents that have
similar mechanism of drug action, lead to the ap-
pearance of parasite resistance on drug. Once es-
tablished, resistance may last several years
(Jackson and Coop, 2000), or disappear as a re-
sult of selection and genetic drift, which act in a
way to bring back sensibility in population
(Petricevi¢ et al., 2007).

Since the problem of resistance is very
actual, much effort have been made to control its
development and to slow down the process by
using different approaches. Research during last

20 years indicates that the best way to prolong
the process of selection of resistant genes in pa-
rasites is the usage of combined different prepa-
rations — mixtures with two or more different
chemical active substances. The other re-
commendation is to rotate drugs from different
chemical groups that have been used for avoi-
ding a tolerance (Lalosevi¢ et al., 2009).

One of the possibilities to increase drug effi-
ciency is food deprivation before peroral appli-
cation of anthelmintics. Thus, the amount of
food is reduced in digestive tract allowing more
time for absorption and distribution of medicinal
substances (Jackson and Coop, 2000). It is
important to form sheep groups with similar
body weight and to give each sheep dosage that
is sufficient for largest sheep in the group. This
approach ensures that each animal in the group
receive sufficient drug dosage, since subdosing
of animals is the most harmful (Lalosevi¢ et al.,
2009).

The term resilience appears in many different
research studies, although its definition differs.
According to Doeschl-Wilson et al. (2012), resi-
lience is capability of an animal to maintain a
good condition and usual level of activity, while
being infected by parasites, no matter the level
of load created by the present pathogens.
According to some authors, resilience is
connected to capability of host/animal to survive
and stay productive no matter the parasite
challenge it’s exposed to (Bishop, 2012). There
is one more definition in the literature for this
term, according to which resilience represents a-
bility of the host to tolerate existing parasites
without showing any clinical signs of diseases
(Gunia et al., 2013). Bishop and Morris (2007)
define resilience as ability of the animals to
adapt to infection with different causes of para-
sitical ethiology from environment. According
to Storey (2015), resiliance represents adaptabi-
lity to changes and owning capacity for
successful adaptation, when facing parasitic
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infection, as gaining more and wider competen-
ces for stress reaction.

Since resistence and resilience are hereditary
characteristics, accurate and timely definition of
each parameter that helps process of animal bre-
eding selection is important, shown by these tra-
its. For confirmation of animals that show resili-
ance when facing with helminth challenge, or in

which parasites are anthelmintics resistant,
counting of helminth eggs number present in fe-
ces of examined animals is necessarry (FEC -
Fecal Egg Count), as well as estimation of clini-
cal anemia based on erythrocyte volumen value
(packed cell volume - PCV) using FAMACHA
(FAffa MAlan CHArt) test (Malan and Van
Wyk, 1992) and parameters related to body
condition (Storey, 2015).

DIAGNOSTIC VALUE OF FECAL EGG COUNTING
(FEC - FECAL EGG COUNT)

For assessment of anthelmintics efficiency in
ruminants, detection of anthelmintics resistance
and resilience proving, World Association for
the Advancement of Veterinary Parasitology
(WAAVP) recommends McMaster method
(Coles et al., 1992, Storey, 2015). That is stand-
ard and most often used conventional method of
quantitative coprological diagnostic in veteri-
nary parasitology. It serves for determination of
the endoparasitic infection degree and is based
on counting of number of parasitic elements in
fecal weigh unit (EPG - Eggs Per Gram, OPG -
Oocysts Per Gram, CPG - Cysts Per Gram and
LPG - Larvae Per Gram). Sensitivity of method
is from 10 to 100 parasitic elements in 1 g of fe-
ces (Pereckiene et al., 2010).

Application of this procedure, until now,
have been described in large and small rumi-
nants, horses, pigs, canines, birds, rabbits, mice,
turtles, lemurs and human (Bondarenko et al.,
2009). Vadlejch et al. (2011) compared sensitiv-
ity and reliability of three modified McMaster
techniques with the aim to estimate which mod-
ification is most suitable for routine parasitolog-
ical examinations and diagnostic assessments in
veterinary clinical practice (Table 1).

It was shown that the concentration
McMaster method (Roepstorff and Nansen,

1998) is most sensitive and most reliable for hel-
mnith egg detection. This method is fast, use
largest quantity of feces (4g), have low limit of
detection (20 EPG), and, thanks to centrifuga-
tion, fecal suspension is clear enough for micro-

scopy.

Modification made by Zajcek (1978) should
provide better results due to lower correction
factor, two procedures of centrifugation and
lowest dilution ratio. Nevertheless, low dilution
ratio consequently lead to presence of large amo-
unt of impurity in examined substance. This ma-
kes the process of preparation examination sig-
nificantlly difficult, in which parasitic elements
may be camouflaged or wrongly detect as fecal
pseudoparasitical particles, thus increasing a un-
reliableness of this procedure. This method has
middle limit detection value and is applicable
with result accuracy of 100 EPG (Vadlejch et al.,
2011).

Third comparable method, according to
Wetzel (1951), is the simplest but with worst re-
sult. Low sensitivity and reliability of this
method is most probably caused by high correc-
tion factor and absence of centrifugion. This
method has high limit of detection value and
gives precise results at 200 EPG (Vadlejch et al.,
2011).
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Table 1. Comparative parameter values of modified McMaster techniques

(Vadlejch et al., 2011)
Modified McMaster techniques
Parameters Wetzel Zajicek Roepstorff and
(1951) (1978) Nansen (1998)

The amount of feces (g) 1 4
Type of flotation solution NaCl MgSO4+Na»S,03 | NaCl + glucose
Specific weight of solution 1.200 1.280 1.300
Centrifugation (RPM") 2000 1200
Centrifugation (RCF?) 479 172
Time of centrifugation (min) 2 5
Time of flotation in chamber (min) 2-3 5 3-5
Number of chambers in McMaster

. 2 2
object
Multiplicative (corrective) factor 67 33 20

'RPM - Revolutions Per Minute
2RCF - Relative Centrifugal Force

In different ruminant species there are certain
limits of FEC procedure that may significantly
impact the explication, interpretation and relia-
bility of obtained results. In adult cattle those
are: 1) limited diagnostic value, linked to infec-
tion degree that is usually not correlated with
helminthes load; 2) low FEC values, that re-
quires more sensitive flotation techniques in cat-
tle than in sheep; 3) limited clinical value for
Nematodirus spp., since the most damage is
caused by immature stadiums of this nematode
before starting laying eggs and 4) clinical form
of paramphimatosis, that is usually caused by
numerous immature parasites in migration, lead-
ing to absence or low number of eggs in feces
(Rollinson, 2013).

In hemonchosis and trichostrongilidosis of
small ruminants, FEC is in high correlation with
helminth load of animals. In the case of polypar-
asitisms, when relatively high production of
H. Contortus eggs may camouflage lower pro-
duction of eggs by some other species (7.
colubriformis and T. circumcincta), FEC has
limited diagnostic values (Roeber et al., 2013).
Because of that, only approximate assessment of
infection intensity and decision when animals
should be treated can be obtained based on num-
bers of eggs laid by different gastrointestinal
nematode (GIN) species (Table 2).
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Table 2. Determination of rate of infection with GIN for young animals (Kahn, 2005)

Parasite Infection rate (EPGF - Eggs Per Gram Feces)
Low | Moderate | High
CATTLE
Mixed infection 50-200 200-800 800+
Haemonchus spp. 200 200-600 600+
Trichostrongylus spp. 50-100 100-400 400+
Cooperia spp. 200-300 300-2500 2500+
SHEEP
Mixed infection 50-800 800-1200 1200+
Haemonchus spp. 100-2000 2000-7000 7000+
Trichostrongylus spp. 100-500 500-2000 2000+
Nematodirus spp. 50-100 100-600 600+
Oesophagostomum spp. 100-800 800-1600 1600+

It is known that high efficiency is expected
from antiparasitics on field. Antiectoparasitics
should have absolute efficiency, while it is ex-
pected to be around 95% in anthelmintics, since
it is favorable to maintain small number of para-
sits in the body as a stimulus of immunological

response of the host (Dimitrijevi¢, 1999). In gra-
zing animals there is always mixed infection
with higher number of different gastrointestinal
nematoda species. Some of them provide deve-
lopment of natural immunity, so that it can be
decided if treatment of animal is necessary on
the basis of FEC results.

Table 3. Interpretation of clinical form apperance in cattle based on EPG

(Love and Hutchinson, 2007)

Parasite species Egg number/1g feces (EPG)
Haemonchus 200
Trichostrongylus 50
Ostertagia 150
Oesophagostomum 100
Cooperia 500
Fasciola 50
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This is very important, since it is necessary
to maintain balance between induced immunity
(its development is stimulated by small number
of healminth in animal) and productive capabi-
lity (its decrease is affected by the same number

of helmiths, that cause subclinical form of dise-
ase). Obtained EPG results might be very useful
for interpretation of clinical form of some hel-
minthosis in large and small ruminants (Table
3).

DIAGNOSTIC VALUE OF FECAL EGG COUNT REDUCTION TEST (FECRT)

Fecal Egg Count Reduction Test (FECRT) is
established in early 90°s (Coles et al., 1992) and
represents a method of choice for monitoring
anthelmintics efficiency in ruminants (Dobson et
al., 2011). Currently, it is the unique test that
may detect resistance of all types of nematoda
species in all host species (McKenna, 2013) and
serve for calculation of egg count reduction in
feces, by comparing mean values of FEC before
treatment and after obtained treatment (Wang et
al., 2017).

According to World Association for the Ad-
vancement in  Veterinary  Parasitology
(WAAVP), there are guidelines for performing
and calculating standard FECRT (Coles et al.,
1992, 2006), which are improved by recommen-
dations made by Levecke et al. (2017). In ac-
cordance with those guidelines, recommenda-
tions are: size of sample (>10 or >15 animals per
group for treatment, and each excretion at least
150 EPG), FEC method (McMaster), statistical
analysis (FECRT based n arithmetical mean of
grouped FEC after drug application) and criteria
which define decreased drug efficiency (FECRT
<90% or FECRT <95%, resistance is declared if
the fecal egg count reduction is lower than 95%,
and the lowest limit of drug efficiency is lower
than 90%) (Dobson et al., 2011; Vidyashankar et
al., 2012).

For performing FECRT, sample of faces is
collected before dehelmintisation and EPG value
is determined in it, followed by treatment. Sam-
pling of feces is repeated 14 days after obtaining
treatment and value of EPG is determined again.
By using special equation, percentage decrease
of eggs count in feces is calculated individually.
Thereafter, average decrease for all test animals
is calculated, in order to calculate overall de-
crease for farm or herd. This value is subse-
quently used for obtaining calculation related to
existence or absence of drug resistance (Kaplan
and Nielsen, 2010). If the drug is effective, no
parasite should survive treatment longer than the
time needed for gut emptying (usually up to 48
hours). This period of time may be prolonged for
as many days as temporary suppression of eggs
laying lasts (3 days — for imidazole, 8 days — for
benzimidazoles, 14 to 17 days — for macrolides
lactones), so that efficiency of certain drug
groups is estimated only after expiration of this
period (Coles et al., 20006).

If examined animals have large egg number
in feces, after which dehemintization is ob-
tained, and 10 days after FEC shows zero or very
low value (lower than 5% of value before treat-
ment), for that group can be claimed certainly
that dehilmisation is successfully obtained
(Coles et al., 1992).

DIAGNOSTIC VALUE ,,FIVE POINT CHECK* CLINICAL APPROACH

Obtained diagnostic FEC based results have
to be complement with assessment related to
presence or absence of clinical signs of diseases
(,,Five Point Check®). This clinical approach

means monitoring of five most common nonspe-
cific symptoms in animals infected by parasites
— anemia of mucus membrane of eye, body
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weight lost or growth and development retarda-
tion, fecal dirtiness of tail and posterior body re-
gion, submandibular edema and runny nose
(Bath et al., 2010). Based on clinical symptoms
severity, selection of animals that should un-
dergo process of dehelmintisation is done. Herd
health status is classified as: ,,good* (no need for
dehelmintisation), ,,bad“ (necessarily of dehe-
mintisation, with control during several fallow-
ing months) and mixed results (,,some animals
are good, some are bad“- according to estimated
symptoms severity, it is decided which animals
will undergo dehelmintisation process) (Storey,
2015).

With the aim to slow down the onset of the
anthelmintics resistance and organization of
Integrated Parasite Management (IPM), the prin-
ciple of Targeted Selective Treatment (TST) is
globally accepted. Implementation of this strat-
egy has become workable on farms only with de-
velopment and practical application of
FAMACHAO® system for clinical estimation of
anemia caused by hematophagous nematode
Haemonchus contortus in small ruminants. Prin-
ciple of TST can be expanded on other important
ectoparasites, under condition that developed
system is practical, economical and realistically
capable to identify animals that are under risk of
overloading by expected endoparasites (Bath
and Van Wyk, 2009).

Candidates for expanded TST system mani-
fest one of five listed clinical symptoms that
served as bases for designing of practical guide
for breeders. For international, multilingual us-
age, this system is called Five Point Check®©,
and represent practical expansion of TST and
may be effective contribution in monitoring of
endoparasite presence in small ruminants. It let
users to: (a) make rapid estimation of parasitosis
signs in small ruminants, (b) make effective
estimation of health status of own animals, (c)
identify expected parasites, (d) select anthelmin-
tic groups for treatment (¢) use practical systems
for temporary identification of treated animals

and (f) familiarize with limits of the system
(Bath and Van Wyk, 2009).

FAMACHAO® system presents figure of the
estimation of severity of parasite infection in ru-
minants and making decisions about healing, ba-
sed on anemia degree of mucous membrane. Cli-
nical anemia is represented through erythrocyte
volume, and is ranged from 1 to 5 on the scale of
FAMACHA card and it indicates the infection
by haematophage nematode H. contortus, trema-
todes and cestodes (Ferreira et al., 2019).

Besides increased FAMACHA results, the
cause for delemintisation might also be other cli-
nical manifestations in infected animas. Based
on body condition index, which is determined by
BCS (Body Condition Score) by card on scale
from 1 to 5, there is possibility of infection by
Telodorsagia spp., Trichostrongylus spp. and
nodular helminths (Mahieu et al., 2007, Arece-
Garcia et al., 2016). Dirtiness of tail and poste-
rior body region with feces is determined by DS
(Dag Score) card with 1 to 5 scale and is indica-
tor of possible presence of infection by nemato-
des Telodorsagia spp., Trichostrongylus spp.,
Oesophagostomum spp., Strongyloides spp. snd
coccidia (Eimeria spp). Existance of nasal
discharge indicates the presence of nasal miasa,
pulmonal parasites and pneumonia, and is scaled
by ND (Nasal Discharge) card on scale 1-5. Cold
submandibular edema is, according to severity,
catogorised on 1 to 5 scale, and indicates the low
blood protein level in examined animals and on
possibility of parasite infection caused by H.
Contortus species, trematodes, cestodes and coc-
cidia (Eimeria spp) (Walker et al., 2015).

Besides these five standard clinical symp-
toms, sometimes observation of condition of the
fur is performed (low hair quality or abnormal
fleece), which changes are classified on scale
from 1 to 5, and may indicate the presence of
nematode infection (H. contortus, Telodorsagia
spp., Trichostrongylus spp.), coccidia (Eimeria
spp) and ectoparasites (Vanimisetti et al., 2004;
Mabhieu et al., 2007)
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From the aspect of differential diagnosis of
animals that show signs of resistance, i.e. resili-
ence, same of the most important parameters are
obtained FAMACHA values (Burke and Miller,
2008). Usage of FAMACHA® system provides
small ruminants breeders to make decisions re-
lated to delelmintisation based on assessment of
anemia rate caused by H. contortus in sheep and
goats (Arece-Garcia et al., 2016). This causative
agent is economically most important GIN in
sheep and goats, is most comon cause of anemia
during pasture season in USA, and in the cases
of infections of high intensity causes death.

FAMACHA® card is developed in South
Africa, and is imported in USA by American
Consortium for Small Ruminant Parasite
Control (ACSRPC). That is one of the most
successful diagnostic indicators, according to
which the color of eye mucous membrane is
compared with 5 categories of color on control
panel with colors that match the different anemia
rates. Category 1 is "non anemic" state, while ca-
tegory 5 represent the state of "severe anemia"

(Martinez-Valladares et al., 2013). Based on re-
sults determined by card, sheep and goats with
anemia are identified and exposed to selective
dehelinitisation.

Selective dehelmintisation reduces the drug
usage and slows down the development of
anthelminths resistance in GIN. It can also help
in making selective decisions related to bree-
ding, in a way that it will identify those animals
that are most sensitive to gut parasite infection,
i.e. resilient animals (Rizzon Cintra et al., 2018).
FAMACHAO® is applied only in a cases where
main causative agent of clinical disease is H.
contortus. Before performing the test, it should
be taken in consideration that some stages (eye
diseases environmental stimulus and systemic
diseases) cause reddish of eye mucous mem-
brane and thus may camouflage anemia. Questi-
onable may also be the other causes of anemia,
but they are rare comparing to GIN infection du-
ring pasture season (Ferreira et al., 2019).

CONCLUSION

Since they are adapted to present parasites,
resilient animals present non-identified sources
of parasite infections, which can be maintained
for a long period and obtained continual recon-
tamination of pasture. They can be identified
only just with implementation of quantitative
coprological diagnostic and performing FEC
values for each individual respectively. Resilient
animal has consistently low FEC levels and low
FAMACHA results, mainly are in good body
condition and do not show variations in body
weight. Obtained FEC values usually indicate
that suspicious (resilient) animals are carriers of
much higher number of parasites than it can be
expected by analysis and estimation obtained on
other clinical parameters. These animals should

not be dehelminted, or should be rarely de-
helminted, compared to the other herd animals
which show clinical signs of diseases also after
dehelmintisation, due to parasite resistance. An-
imals infected by large number of resistant en-
doparasites show high FEC wvalues, high
FAMACHA results and have poorer body con-
dition with significant body weight variations
also after treatment. Short term changes in body
weights, may be indicators of parasitosis, and
this may provide rapid identification of animals
that will probably have benefits from treatment.
Without FEC information, it cannot be certainly
defined if observed noted characteristic is re-
sistance or resilience.



248

Veterinary Journal of Republic of Srpska (Banja Luka), Vol XIX, No. 2, 240—-250, 2019.

Ili¢ et al:
The importance of differential diagnosis of resistence and resilience in ruminants

10.

11.

12.

13.

14.

REFERENCES

Arece-Garcia J., Loépez-Leyva Y., Gonzéalez-Gardufio R., Torres-Hernandez G., Rojo-Rubio R.,
Marie-Magdeleine C. (2016): Effect of selective anthelmintic treatments on health and
production parameters in Pelibuey ewes during lactation. Trop Anim Health Prod 48 (2):
283-287.

Bath F.G., Van Wyk A.J. (2009): The Five Point Check®© for targeted selective treatment of
internal parasites in small ruminants. Small Ruminant Res 86 (1): 6-13.

Bath G.F., Wyk J.A., Malan F.S. (2010): Targeted selective treatment of sheep using the Five
Point Check©. ] Common Vet Assoc 26: 29-32.

Bishop S.C. (2012): A consideration of resistance and tolerance for ruminant nematode
infections. Front Genet 3: 168.

Bishop S.C., Morris C.A. (2007): Genetics of disease resistance in sheep and goats. Small
Rumin Res 70 (1): 48-59.

Bondarenko 1.G., Kinc¢ekova J., Varady M., Konigova A., Kuchta M., Konakova G. (2009):
Use of modified McMaster method for the diagnosis of intestinal helminth infections and
estimating parasitic egg load in human faecal samples in non-endemic areas. Helminthologia,
46: 62-64.

Burke J.M., Miller E.J. (2008): Use of FAMACHA system to evaluate gastrointestinal nematode
resistance/ resilience in offspring of stud rams. Vet Parasitol 153: 85-92.

Coles G.C., Bauer C., Borgsteede F.H.M., Geerts S., Klei T.R., Taylor M.A., Waller P.J. (1992):
World Association for the Advancement of Veterinary Parasitology (WAAVP) methods for the
detection of anthelmintic resistance in nematodes of veterinary importance. Vet Parasitol 44
(1-2): 35-44.

Coles G.C., Jackson F., Pomroy W.E., Prichard R.K., von Samson-Himmelstjerna G., Silvestre
A., Taylor M.A., Vercruysse J. (2006): The detection of anthelmintic resistance in nematodes
of veterinary importance. Vet Parasitol 136 (3-4): 167-185.

Dimitrijevi¢ S. (1999): Dijagnostika parazitskih bolesti. Fakultet veterinarske medicine
Univerzitet u Beogradu, ,,Jovan, Beograd, str. 132.

Dobson R., Jackson F., Levecke B., Besier B., Kaplan R., Sangster N., Vercruysse J. (2011):
WAAVP guidelines for faecal egg count reduction tests (FECRT). Proceedings: 23rd
International conference of the World Association for the Advancement of Veterinary
Parasitology: Towards good management practices in parasitic control. Buenos Aires,
Argentina.

Doeschl-Wilson A.B., Villanueva B., Kyriazakis 1. (2012): The first step toward genetic
selection for host tolerance to infectious pathogens: obtaining the tolerance phenotype through
group estimates. Front Genet 3: 265.

Gunia M., Phocas F., Gourdine J.L., Bijma P., Mandonnet N. (2013): Simulated selection
responses for breeding programs including resistance and resilience to parasites in Creole
goats. J Anim Sci 91 (2): 572-581.

Ferreira B.J., Santos Sotomaior C., Didgenes C.A., Bezerra S., da Silva E.W., Morais Leite
H.J.G., Rufino de Sousa E.J., de Fatima Franga Biz J., Evangelista Facanha A.D. (2019):
Sensitivity and specificity of the FAMACHA® system in tropical hair sheep. Trop Anim Health
Prod Published online 05 March 2019. doi.org/10.1007/s11250-019-01861-x


https://www.ncbi.nlm.nih.gov/pubmed/?term=Arece-Garc%C3%ADa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%B3pez-Leyva%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez-Gardu%C3%B1o%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torres-Hern%C3%A1ndez%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rojo-Rubio%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marie-Magdeleine%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26563269
https://www.ncbi.nlm.nih.gov/pubmed/26563269
https://biblio.ugent.be/publication?q=author=%22Dobson,+R%22+or+(type+exact+bookEditor+and+editor=%22Dobson,+R%22)
https://biblio.ugent.be/publication?q=author=%22Jackson,+F%22+or+(type+exact+bookEditor+and+editor=%22Jackson,+F%22)
https://biblio.ugent.be/person/001999293470
https://biblio.ugent.be/publication?q=author=%22Besier,+B%22+or+(type+exact+bookEditor+and+editor=%22Besier,+B%22)
https://biblio.ugent.be/publication?q=author=%22Kaplan,+R%22+or+(type+exact+bookEditor+and+editor=%22Kaplan,+R%22)
https://biblio.ugent.be/publication?q=author=%22Sangster,+N%22+or+(type+exact+bookEditor+and+editor=%22Sangster,+N%22)
https://biblio.ugent.be/publication?q=parent+exact+%22Proceedings+:+23rd+international+conference+of+the+World+Association+for+the+Advancement+of+Veterinary+Parasitology%22
https://biblio.ugent.be/publication?q=parent+exact+%22Proceedings+:+23rd+international+conference+of+the+World+Association+for+the+Advancement+of+Veterinary+Parasitology%22
https://biblio.ugent.be/publication?q=parent+exact+%22Proceedings+:+23rd+international+conference+of+the+World+Association+for+the+Advancement+of+Veterinary+Parasitology%22

Veterinary Journal of Republic of Srpska (Banja Luka), Vol XIX, No. 2, 240250, 2019. 249
Ili¢ et al:
The importance of differential diagnosis of resistence and resilience in ruminants

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Jackson F., Coop R.L. (2000): The development of anthelmintic resistance in sheep nematodes.
Parasitol 120 Suppl (7): S95-107.

Kahn M.C. (2005): Merck Veterinary manual. (9th Ed.) Whitehouse Station, N.J., Great Britain:
Merck & Co., pp. 262-265.

Kaplan R.M., Nielsen M.K. (2010): An evidence-based approach to equine parasite control: It
ain’t the 60s anymore. Equine Vet Educ 22: 306-316.

Lalosevi¢ V., Jarak M., Buri¢ S., Simin S. (2009): Bioloska kontrola helminata. Letopis nau¢nih
radova 33 (1): 118-125.

Levecke B., Kaplan M.R., Thamsborg M.S., Torgerson R.P., Vercruysse J., Dobson J.R. (2018):
How to improve the standardization and the diagnostic performance of the fecal egg count
reduction test? Vet Parasitol 253: 71-78.

Love S., Hutchinson G. (2007): Worm Test for livestock and guide to egg counts. Profitable and
sustainable primary industries, Primefact 480 (Replace agnote dai - 308), pp. 1-5.

Malan F.S., Van Wyk J.A. (1992): The packed cell volume and color of the conjunctivae as aids
for monitoring Haemonchus contortus infestations in sheep. In: Biennial National Veterinary
Congress, Grahamstown, South African Veterinary Association, 1, p. 139.
Martinez-Valladares M., Martinez-Pérez J.M., Robles-Pérez D., CorderoPérez C., McMahon
C., Bartley D.J., Edgar HW.J., Ellison S.E., Barley J.P., Malone F.E., Hanna R.E.B., Brennan
G.P., Fairweather 1. (2013): Anthelmintic resistance in Northern Ireland (I): Prevalence of
resistance in ovine gastrointestinal nematodes, as determined through faecal egg count
reduction testing. Vet Parasitol 195 (1-2): 122-130.

Mahieu M., Arquet R., Kandassamy T., Mandonnet N., Hoste H. (2007): Evaluation of targeted
drenching using famacha method in Creole goat: Reduction of anthelmintic use, and effects on
kid production and pasture contamination. Vet Parasitol 146: 135-147.

McKenna P.B. (2013): Are multiple pre-treatment groups necessary or unwarranted in faecal
egg count reduction tests in sheep? Vet Parasitol 196 (3-4): 433-437.

McManus C., do Prado Paim T., de Melo C.B., Brasil B.S., Paiva S.R. (2014): Selection
methods for resistance to and tolerance of helminths in livestock. Parasite 21: 56.

Pereckiene A., Petkevicius S., Vysniauskas A. (2010): Comparative evaluation of efficiency of
traditional McMaster chamber and newly designed chamber for the enumeration of nematode
eggs. Acta Vet Scand 52 (Suppl 1): S20.

Petricevi¢c M.S., Ili¢ T., Dimitrijevi¢ S. (2007): Savremeni modeli i perspektiva kontrole
parazitskih bolesti. Vet Glasnik 61 (5-6): 337-350.

Rizzon Cintra C.M., Ollhoff D., Sotomaior S.C. (2018): Sensitivity and specificity of the
FAMACHA® system in growing lambs. Vet Parasitol 251: 106-111.

Rollinson D. (2013): Advances in parasitology. First Edition, Elsevier Ltd, London, UK, pp.
292-294.

Roeber F., Jex A.J., Gasser R.B. (2013): Chapter Four - Next Generation Molecular Diagnostic
Tools for Gastrointestinal Nematodes of Livestock, with an Emphasis on Small Ruminants: A
Turning Point? Adv Parasitol 83: 267-333.

Roepstorff A., Nansen P. (1998): Epidemiology, diagnosis and control of helminth parasites of
swine. FAO Animal Health Manual, Rome; No 3, 47-55.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Pereckiene%20A%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petkevicius%20S%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vysniauskas%20A%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2994297/

250

Veterinary Journal of Republic of Srpska (Banja Luka), Vol XIX, No. 2, 240—-250, 2019.
Ili¢ et al:
The importance of differential diagnosis of resistence and resilience in ruminants

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Salgado J.A., Santos C.P. (2016): Overview of anthelmintic resistance of gastrointestinal
nematodes of small ruminants in Brazil. Rev Bras Parasitol Vet 25 (1): 3-17.

Storey B. (2015): Fecal Egg Counts: Uses and Limitations. W4, What Works With Worms
Congress, May, Pretoria, South Africa, pp. 1-9.

Vadlejch I., Petrtyl M., Zaichenko 1., Cadkova Z. (2011): Which McMaster egg counting
technique is the most reliable? Parasitol Res 109: 1387-1394.

Vanimisetti H.B., Greiner S.P., Zajac A.M., Notter D.R. (2004): Performance of hair sheep
composite breeds: resistance of lambs to Haemonchus contortus. J Anim Sci 82 (2): 595-604.
Varady M., Papadopoulos E., Dolinskd M., Konigova A. (2011): Anthelmintic resistance in
parasites of small ruminants: Sheep versus goats. Helminthologia 48 (3):137-144.
Vidyashankar A.N., Hanlon B.M., Kaplan R.M. (2012): Statistical and biological
considerations in evaluating drug efficacy in equine strongyle parasites using fecal egg count
data. Vet Parasitol 185: 45-56.

Walker J.G., Ofithile M., Tavolaro F.M., Van Wyk J.A., Evans K., Morgan E.R. (2015): Mixed
methods evaluation of targeted selective anthelmintic treatment by resource-poor smallholder
goat farmers in Botswana. Vet Parasitol 214 (1-2): 80-88.

Wang C., Torgerson R.P., Hoglund J., Furrer R. (2017): Zero-inflated hierarchical models for
faecal egg counts to assess anthelmintic efficacy. Vet Parasitol 235: 20-28.

Wetzel E. (1951): Verbesserte McMaster-Kammer zum Auszdhlen von Wurmeiern. Tierarztl
Umsch 6: 209-210.

Zajicek D. (1978): Comparision of the efficiency of two quantitative ovoskopic methods. Vet
Med 23: 275-280.

Article received: 13.10.2019.
Article accepted: 01.12.2019.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Salgado%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=26982560
https://www.ncbi.nlm.nih.gov/pubmed/26982560
https://docs.wixstatic.com/ugd/6ef604_718fa5a2f998493cb8edd3f5612e2c05.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vanimisetti%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=14974560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greiner%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=14974560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zajac%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=14974560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Notter%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=14974560
https://www.ncbi.nlm.nih.gov/pubmed/14974560

	00 UVODNE STRANE P
	1.1_Zeljko Cvetnic_Srb
	2.1_Zeljko Cvetnic_Eng
	3.2_Tamara Ilic_Srb
	4.2_Tamara Ilic_Eng
	5.3_Aleksandar Niksic_Srb
	6.3_Aleksandar Niksic_Eng
	7.4_Vesna Kalaba_Srb
	8.4_ Vesna Kalaba_Eng
	9.5_Nadzida Mlaco_Srb
	10.5_Nadzida Mlaco_Eng
	11.6_Oliver Stevanovic_Srb
	12.6_Oliver Stevanovic_Eng
	13.7_Diana Brozic_Srb
	14.7_Diana Brozic_Eng
	15 8. 2019_Uputstvo autorima-Srb
	16. 8. VJRS-2-2019_Instruction of authors-Eng
	Blank Page

